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u-a^-H  PREFACE 


The  subject  of  pharmacy  as  understood  by  the  writer  consists  of 
the  practical  application  of  the  sciences  of  physics  and  chemistry  to 
medicines  and  their  preparations,  as  well  as  sufficient  botany  to  ap- 
preciate the  character  of  those  vegetable  drugs  entering  into  pharma- 
ceutical preparations.     As  far  as  botany  is  concerned,  the  application 
of  that  science  to  medicine  consists  in  that  distinct  study,  materia 
medica,  but  of  greater  difficulty  is  an  attempt  to  study  the  pharmacy 
of  chemicals,  both  inorganic  and  organic,  without  at  least  some  ex- 
planation of  the  principles  underlying  the  science  of  chemistry.     This 
explains  the  brief  Introductory  Chapters  to  Parts  III  and  IV,  which 
students  have  found  of  value  as  an  adjunct  to  their  instruction  in  pure 
chemistry. 

While  not  desiring  to  hamper  instruction  by  artificial  limitations, 
the  entire  subject  of  pharmacy  is  so  vast  that  some  gleaning  of  essen- 
tials from  those  substances  of  minor  importance  appeals  to  the  teacher 
as  imperative,  and  we  are  fortunate  in  having  a  means  of  elimination 
in  the  use  of  our  national  standard,  the  United  States  Pharmacopoeia. 
Of  course  no  pharmaceutical  instruction  would  prove  sufficient  were 
all  unofficial  drugs  excluded,  but  the  existence  of  a  pharmacopoeia 
makes  it  possible  to  use  that  work  as  the  basis  of  instruction,  and 
in  drilling  the  student  in  official  substances  ample  opportunity  is 
afforded  to  refer  to  those  unofficials  suggested  by  the  pharmacopoeial 
preparation  under  consideration. 
The  book  consists  of  seven  parts: 

Part  I  deals  with  pharmaceutical  processes  and  a  striking  feature 

is  the  discussion  of  the  arithmetic  of  pharmacy. 
Part   II    deals  with  the  galenical  preparations  of  the  pharma- 
copoeia and  those  unofficials  worthy  of  notice.     It  will  be  noticed 
that,  wherever  possible,  these  preparations  are  grouped  around 
a  typical  pharmacopoeial  recipe,  thus  avoiding  repetition. 
Part   III  deals  with  the  inorganic  chemicals  used  in  pharmacy, 
has  an  introductory  chapter  on  chemical  theories,   and  dis- 
cusses chemical  arithmetic  very  fully. 
Part  IV  discusses  the  organic  chemicals  used  in  pharmacy,  and 
that  according  to  the  most  modem  classification.    Like  Part 
III,  it  begins  with  an  introductory  chapter  on  the  theory  of 
the  class  of  chemicals  discussed. 
Part  V  is  devoted  to  chemical  testing,  and  summarizes  the  analytic 

methods  of  the  Pharmacopoeia. 
Part  VI  takes  up  the  prescription  from  the  time  it  is  written  to 

the  time  it  is  dispensed. 
Part   VII   gives  the  laboratory  work  which  has  been  followed 
with  much  success  by  students  of  the  writer.     A  notable  feature 
of  this  part  is  the  exercise  in  equation  writing  and  in  chemical 
arithmetic  that  the  work  affords. 

H.  V.  Aknt. 
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PART  I 

PHARMACEUTIC  OPERATIONS  AND  APPLIANCES 


CHAPTER  I 
PHARMACOP(EIAS  AND  OTHER  BOOKS  ON  PHARMACY 

The  study  of  pharmacy  means  the  study  of  the  theories  and  exercise 
of  the  operations  necessary  to  the  intelligent  preparing  and  dispensing 
of  substances  used  in  the  healing  art.  The  two  Greek  words  designating 
this  idea  were  phanna4xm,  "a  drug,  a  medicine,  remedy,  a  potion,  charm, 
spell,"  and  apothekey  "a  repository;  a  storehouse."  The  first  of  these 
roots  has  been  anglicized  into  such  words  as  pharmacy ,  the  art  of  pre- 
paring, preserving,  compounding,  and  dispensing  medicines,  and  pkarrna- 
cist,  one  skilled  in  pharmacy;  while  from  the  second  we  get  apothecary, 
one  i¥ho  practises  pharmacy.  'Another  word  derived  from  the  former 
root  is  pharmacopoeia:  phanruicon,  "medicine,"  and  poiein,  "to  make;" 
literally,  "the  making  of  medicines,"  but  now  used  to  designate  a  book 
of  medical  recipes  prepared  or  approved  by  the  government  of  the  coun- 
try where  published.  The  history  of  pharmacopoeias  means  the  history 
of  pharmacy,  for  as  pharmacopoeias  evolved  from  crude  handbooks  of 
medical  lore  to  the  present  works  of  high  scientific  value,  even  so  has  the 
practice  of  pharmacy  progressed  from  the  jumbling  of  crude  and  often 
disgusting  ingredients,  of  which  the  manipulator  knew  but  little,  to  the 
modern  blending  of  carefully  refined  constituents,  of  which  the  operator 
knows  not  only  the  past  history,  but  also  the  future  action,  both  chemic 
and  therapeutic. 

The  earUest  works  answering  to  a  pharmacopoeia  are  Egyptian  papyri, 
such  as  Papyrus  No.  37  of  the  Berlin  Museum,  which  is  a  fragment  from 
B.C.  1700,  and  from  its  historic  references  seems  to  be  a  copy  of  a  manu- 
script of  B.C.  4000.  In  it  five  forms  of  medicine — ointments,  liniments, 
poultices,  clysters,  and  potions— ^are  mentioned.  The  famous  Eber 
Papyrus,  while  of  later  date  (b.c.  1552),  is  peculiarly  valuable  because 
of  its  completeness.  In  it  mention  is  made  of  such  drugs  as  calamus 
and  myrrh,  salt  and  sodium  carbonate,  while  its  list  of  preparations 
includes  all  given  in  Papyrus  No.  37,  among  others,  pills,  mixtures,  and 
decoctions. 

Passing  down  to  classic  times,  we  find  many  medical  works  written 
by  individuals  which  may  be  classed  among  the  pharmacopoeias,  such  as 
books  of  Hippocrates  (b.c.  460-377),  Dioscorides  (either  first  or  second 
century  of  the  Christian  era),  and  Galen  (a.d.  131-201).  These  books 
were  considered  as  standards  by  physicians  for  many  centuries,  scarcely 
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being  replaced  until  the  appearance  of  the  works  of  Paracelsus  and  of 
other  inedieval  writers.  Among  the  medieval  works  of  medicine  worthy 
of  special  note  mention  should  be  made  of  the  "Ricettario/'  published 
by  the  College  of  Medicine  of  Florence  (1498),  and  the  "Pharmacorum 
Onmium"  of  Valerius  Cordus  (154,6).  The  latter  work,  published  by 
the  city  of  Nuremburg  after  the  death  of  the  writer,  began  a  series  of 
municipal  pharmacopoeias,  such  as  those  of  London  (1618),  Paris  (1639), 
Edinburgh  (1699),  which  answered  the  requirements  of  the  age  of  munici- 
pal isolation,  but  as  means  of  transportation  improved  and  people 
traveled  freely  to  and  fro,  it  was  found  that  the  difference  in  pharma- 
copoeias was  productive  of  confusion;  that,  for  instance,  a  traveler  from 
Nuremburg  having^  his  prescription  compounded  in  Frankfort  was  in 
danger  of  an  excessive  dose  of  a  potent  preparation,  there  being  no  uni- 
formity in  the  preparations  of  the  different  municipal  pharmacopoeias. 
Accordingly,  a  demand  for  national  pharmacopoeias  grew,  and  the  first 
to  appear  was  the  C!odex  Medicamentarius,  published  by  the  French 
government  in  1818,  the  successor  of  the  Paris  Pharmacopoeia,  with 
its  authority  extended  through  all  of  France. 

The  next  national  pharmacopoeia  was  that  of  the  United  States, 
published  in  1821.  The  merging  of  the  pharmacopoeias  of  London, 
Edinburgh,  and  Dublin  into  the  British  Pharmacopoeia  did  not  occur 
until  1864,  while  in  Germany  the  municipal  pharmacopoeias  were  re- 
placed first  by  those  of  the  States  of  Germany  (Russia,  Hanover,  Saxony, 
etc.),  and  these  merged  into  the  national  authority  in  1872. 

At  the  present  time  there  are  some  twenty  national  pharmacopoeias 
in  force,  including  those  of  every  country  of  Europe  (save  some  of  the 
Balkan  States  and  Turkey),  the  United  States,  Argentine,  Chili,  Venezuela 
and  Mexico  representing  Latin  America,  and  Japan  representing  Asia. 
Canada  and  other  colonies  of  England  use  the  British  Pharmacopoeia. 

Even  as  the  municipal  pharmacopoeias  of  preceding  centuries  caused 
confusion  as  the  means  of  conmiunication  improved,  to-day,  when  it  is 
easier  to  travel  from  New  York  to  Berlin  than  it  was  to  go  from  Munich 
to  Berlin  a  hundred  years  since,  we  are  confronted  by  the  confusion  of 
the  several  national  pharmacopoeias.  Thus  every  year  thousands  of 
Americans  travel  abroad,  taking  with  them  the  prescriptions  of  their 
American  physicians,  and  if  the  prescription  calls  for  a  tincture,  it  i& 
quite  likely  that  the  tincture  dispensed  in  good  faith  by  the  French 
pharmacist  may  be  of  entirely  different  strength  from  the  American 
preparation,  because  made  according  to  the  French  Codex.  A  most 
startling  example  of  this  kind  is  afforded  by  that  potent  preparation, 
tincture  of  aconite  root.  Thus  in  the  nineties,  the  United  States  Phar- 
macopoeia directed  that  100  mils  represent  the  active  strength  of  35  X}m. 
of  drug  (36  per  cent.);  the  tincture  of  the  German  Pharmacopoeia  was 
but  10  per  cent.;  the  French  Codex  directed  it  to  be  20  per  cent.;  while 
the  strength  of  the  British  was  12  per  cent.  It  is  sefi-evident  what 
dangerous  results  would  have  ensued  if  an  American  pharmacist  had 
dispensed  the  tincture  of  the  United  States  Pharmacopoeia  on  a  prescrip- 
tion written  by  a  German  physician;  hence  it  is  the  duty  of  every  drug- 
gist to  acquaint  himself  with  the  strength  of  foreign  preparations  by 
reference  to  dispensatories. 

This  diversity  of  strength  has  called  forth  a  demand  for  an  inter-- 
national  pharmacopma,  including  at  least  preparations  of  all  the  potent 
drugs,  so  that  one  strength — say  of  tincture  of  aconite — ^be  authorized 
by  all  the  national  pharmacopoeias,  and  thus  the  same  preparation  be 
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dispensed  at  all  pharmacies  in  the  world.  This  question  was  discussed 
at  the  first  international  pharmaceutic  conference  held  in  Brimswick  in 
1865,  and  has  been  brought  up  at  every  subsequent  conference  (Paris, 
1867;  Vienna,  1869;  St.  Petersburg,  1874;  London,  1881;  Brussels,  1885; 
Chicago,  1893;  Brussels,  1897;  Paris,  1900;  Brussels,  1910;  The  Hague, 
1913),  but  little  progress  in  that  direction  has  been  accomplished.  One 
of  the  first  practical  moves  beyond  the  stereotyped  resolutions  and  pre- 
liminary drafts  was  the  action  in  1893  of  the  American  Pharmaceutical 
Association  in  donating  $1000  to  the  international  conference  for  defray- 
ing the  expenses  of  compiling,  publishing,  and  distributing  such  a  work, 
and,  lastly,  in  1902  a  conference  of  delegates  appointed  by  the  States  of 
Europe  and  by  the  United  States  met  in  Brussels  and  decided  upon  a  list 
of  forty-three  drugs  and  preparations  which  they  recommended  to  the 
pharmacopoeial  commissions  of  all  the  countries  of  the  world  for  adoption 
in  the  next  edition  of  the  pharmacopoeia  of  each  country. 

Thus,  among  others,  was  the  recommendation  that  tincture  of  aconite 
and  tinctures  of  other  potent  remedies  be  placed  at  a  uniform  strength  of 
10  per  cent,  in  aU  the  pharmacopoeias  of  the  world.  Another  recommend- 
ation was  that  syrup  of  ferrous  iodide  be  made  so  as  to  contain  5  per  cent, 
of  ferrous  iodide. 

Those  official  preparations  conforming  to  the  requirements  of  the 
Brussels  Conference  are  designated  in  the  present  United  States  Phar- 
macopoeia by  a  special  synonym  followed  by  the  initials  "P.I.'' — 
prcBscriptio  irUemaiionalis. 

The  committee  preparing  the  new  pharmacopoeia  of  the  United  States 
embodies  in  that  standard  most  of  the  forty-three  recommendations,  and 
the  same  step  is  being  taken  by  other  national  pharmacopoeial  commis- 
sions thus  tending  to  make  preparations  of  potent  remedies  the  same 
strength  the  world  over. 

Turning  to  our  own  standard,  the  PharmacopcBta  of  the  United  States, 
this  important  work  was  inaugurated  by  Dr.  Lyman  Spaulding  of  New 
York,  who  in  1817  started  the  movement  by  suggesting  that  the  country 
be  divided  into  four  districts,  and  all  medical  colleges  and  medical  socie- 
ties in  each  district  be  invited  to  send  delegates  to  a  district  convention 
which  should  form  an  outline  of  a  pharmacopoeia.  Each  convention,  in 
turn,  should  send  delegates  to  a  national  convention  which  was,  indeed, 
held  at  the  capitol  in  Washington  on  January  1,  1820.  At  this  conven- 
tion two  drafts  of  prospective  pharmacopoeias  were  submitted,  and  these 
were  compared,  consolidated,  and  revised  in  convention  and  ordered  pub- 
lished, and  in  the  following  December  there  appeared  the  first  pharma- 
copoeia of  the  United  States.  The  convention  of  1820  arranged  that  a 
revision  should  occur  in  1830,  by  ordering  the  four  districts  to  elect 
and  send  three  delegates  each  to  a  convention  to  be  held  in  Washington 
on  January  1, 1830.  The  method  of  election  of  these  delegates  resulted 
in  a  misimderstanding  and  the  holding  of  two  conventions  and  publish- 
ing of  two  pharmacopoeias;  the  officers  of  the  convention  of  1820  hold- 
ing a  poorly  attended  meeting  at  New  York.  The  discontents  held  a 
convention  at  Washington,' at  which  the  surgeon  of  the  army  and  the 
senior  surgeon  of  the  navy  were  present,  thus  giving  indirect  govern- 
mental authority  to  the  pharmacopoeia  so  issued.  Aiiother  important 
step  was  the  intrusting  of  the  publication  of  the  revised  pharmacopoeia  to 
a  committee  of  revision  of  seventeen  members  rather  than  preparing  a 
hurried  work  on  the  floor  of  the  convention.  This  pharmacopoeia  ap- 
peared in  1831. 
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The  convention  of  1840  was  arranged  by  the  Washington  convention 
of  1830  on  lines  followed  to  this  day.  Every  incorporated  medical  society 
and  medical  college  was  invited  to  send  three  delegates  to  the  convention, 
which  met  the  first  Monday  in  January. 

Twenty  delegates  were  present,  and  a  committee  of  revision  of  seven 
members  was  elected.  This  committee  was  authorized  to  ask  the  coopera- 
tion of  the  pharmacy  colleges  in  the  work  of  revision,  and,  furthermore, 
the  convention  directed  the  presiding  officer  to  invite  the  colleges  of 
pharmacy  to  send  delegates  to  the  1850  convention,  which  was  called 
for  the  first  Monday  in  May.  The  pharmacopoeia  was  issued  in  1842  and 
directed  the  process  of  percolation  for  the  first  time. 

At  the  convention  of  1850  pharmacists  were  present  as  delegates  for 
the  first  time,  and  there  were  thirty  delegates  in  all.  A  committee  of  four 
was  elected  to  revise  the  pharmacopoeia,  and  the  fruit  of  their  labor  was 
published  in  1851.  The  convention  of  1860  was  attended  by  thirty  dele- 
gates, and  a  committee  of  revision  of  nine  members  published  the  phar- 
macopoeia in  1863. 

Sixty  delegates  were  present  at  the  convention  of  1870;  a  revision 
committee  of  fifteen  members  was  appointed  and  given  general  instruc- 
tion as  usual,  and  arrangements  were  made  for  the  calling  of  the  next 
convention. 

At  the  convention  of  1880,  109  delegates  were  present,  representing 
thirty-five  medical  and  eleven  pharmaceutical  bodies  and  the  committee 
of  revision  chosen  consisted  of  eleven  physicians  and  fourteen  pharmacists. 
To  the  convention  of  1890,  delegates  from  the  various  State  pharmaceu- 
tical associations  were  invited,  and  accordingly  fifty  medical  bodies  and 
fifty-nine  pharmaceutic  organizations  were  represented;  the  committee 
on  revision  chosen  consisting  of  ten  physicians  and  sixteen  pharmacists. 
Seated  at  the  convention  of  1900  were  delegates  from  fifty-seven  medical 
and  fifty-nine  pharmaceutic  bodies  and  there  was  elected  a  revision  com- 
mittee consisting  of  six  physicians  and  nineteen  pharmacists. 

The  last  convention  was  held  in  May,  1910.  At  this,  in  addition  to 
delegates  from  government  bureaus,  from  the  American  Dental  Associa- 
tion, the  American  Chemical  Society  and  from  the  national  food  chemists' 
associations  there  were  represented  seventy-seven  medical  and  seventy- 
four  pharmaceutical  bodies;  140  medical  and  dental  delegates  and  171 
pharmaceutical  and  chemical  delegates  being  present.  The  committee 
of  revision  was  enlarged  to  fifty  members  and  the  work  was  subdivided 
among  fifteen  sub-committees.  The  chairmen  of  each  of  these  fifteen 
sub-committees  were  constituted  an  executive  committee  of  revision,  to 
which  the  intimate  details  of  revision  was  entrusted.  This  committee  of 
revision  consists  of  twelve  physicians  and  thirty-eight  pharmacists  and 
chemists.  To  a  pharmacist  the  study  of  the  history  of  his  pharmacopoeia 
should  be  a  source  of  satisfaction  and  pride,  as  therein  he  will  riote  the 
gradually  increasing  influence  of  the  pharmacist  in  the  framing  of  his 
national  pharmacopoeia.  In  1820  the  work  was  done  by  physicians  only; 
in  1910  the  pharmacists  on  the  revision  committee  outnumbered  the 
physicians  three  to  one.  Moreover,  each  pharmacist  should  appreciate 
that  he  can  have  direct  voice  in  sa3dng  who  can  revise  his  pharmacopoeia, 
as  every  reputable  pharmacist  is  eligible  to  membership  to  his  State 
pharmaceutical  association,  and  at  the  meeting  prior  to  the  convention 
an  election  of  delegates  to  the  convention  is  held.  As  mentioned  in  the 
definition  on  p.  18,  a  modern  pharmacopoeia  differs  from  other  books  on 
medicine  by  being  either  published  by  the  government  or  by  receiving 
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governmental  approval.  In  England  and  in  Germany,  for  example,  the 
pharmacopoeia  is  prepared  by  conmiissions  appointed  by  the  government. 
In  this  comitry  the  national  government  has  nothing  to  do  with  the  pub- 
lication of  the  pharmacopoeia,  except  sending  delegates  from  the  medical, 
{>harmaceutical  and  other  scientific  branches  of  the  federal  service.  Of 
ate  years  the  pharmacopoeia  has  attained  semi-national  importance, 
since  not  only  is  it  used  in  government  hospitals  and  dispensaries,  but 
also  is  mentioned  in  the  Food  and  Drug  Laws  of  1906  as  the  standard  in 
testing  official  articles  by  governmental  chemists.  In  the  administration 
of  sinular  food  and  drug  acts  of  the  several  states,  the  pharmacopoeia 
is  likewise  accepted  as  the  standard. 

Any  drug  or  medicine  recognized  by  the  pharmacopoeia  is  said  to  be 
offidalj  which  term  has  largely  replaced  the  term  officinal,  which  up  to 
the  present  century  was  used  to  convey  the  same  idea. 

THE  UNITED  STATES  PHARMACOPCEIA  AS  A  BOOK 

Before  taking  up  the  monographs  of  the  pharmacopoeia  on  individual 
drugs,  it  is  well  to  devote  a  short  space  to  the  work  as  a  whole,  and  this 
can  best  be  done  by  copying  in  its  entirety  information  found  in  our 
national  standard  relating  to  three  typical  officials. 

In  the  comparative  table  on  p.  22  (a)  is  the  Latin  name,  (6)  the 
English  name,  (c)  the  synonym,  (d)  the  official  abbreviation,  (c)  the 
official  definition,  if)  the  official  description,  {g)  the  official  preparations 
and  (A)  the  official  dose.  In  case  of  preparations,  the  recipe  for  com- 
pounding is  usually  given,  as  (e),  under  Tinctura  Lavandulse  Composita. 

These  several  parts  of  the  pharmacopoeial  monograph  on  a  drug  can 
best  be  discussed  in  regular  order. 

The  Latin  name  is  placed  first  in  the  United  States  Pharmacopoeia 
for  the  several  reasons  that  are  given  in  discussing  the  use  of  Latin  in 
prescriptions  (p.  929)  and  the  name  chosen  is  usually  the  simplest  and 
clearest  title  foimd  among  the  several  Latin  designations  of  the  drug. 
In  this  respect  omt  pharmacopoeia  is  a  great  improvement  over  those  of 
most  other  countries,  where  lengthy  Latin  titles  seem  the  rule.  In  the 
pharmacopoeia  of  our  coimtry  but  one  word  is  used  for  the  Latin  name 
whenever  possible;  thus,  it  calls  aconite  ^^ Aconiiuniy^^  and  not  ^^Tvbera 
Acaniti/'  as  does  the  German  Pharmacopoeia,  there  being  but  one  part  of 
the  aconite  plant  recognized  by  the  United  States  Pharmacopoeia;  hence 
there  is  no  confusion  in  the  single  name.  Of  course,  one  word  as  the 
Latin  name  would  sometimes  lead  to  confusion;  thus,  two  parts  of  the 
colchicum  plant  are  official — ^the  root  (or  corm)  and  the  seed.  The 
single  word  colchicum  immediately  gives  rise  to  the  question,  "which 
part  of  colchicum?"  hence,  in  such  cases  to  the  Latin  word  is  added  the 
name  of  the  part,  viz.,  Colchici  Cormus  and  Colchici  Semen.  Again,  as 
another  case,  there  are  two  mints  official — ^the  herbs,  Mentha  Piperita 
and  Mentha  Viridis  respectively.  To  call  either  Mentha  would  be  con- 
fusing, hence  the  Latin  titles  of  the  two  are  as  just  given.  In  choosing 
the  Latin  name  of  a  vegetable  drug  the  United  States  Pharmacopoeia 
usually  selects  the  generic  name  (p.  24)  of  the  plant  from  which  it  is 
derived,  one  exception  being  Casara  Sagrada,  the  botanical  name  of 
which  is  Rhamnus  Purshiana,  Among  the  chemicals,  the  same  simplicity 
obtains  in  the  United  States  Pharmacopoeia,  although,  as  it  is  impossible 
to  express  the  idea  of  acids  and  salts  in  less  than  two  words,  one-word 
Latin  names  are  less  frequent.    Lime  is  given  the  Latin  name  Calx  in 
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{a)         TARAXACUM 

(&)  Taimzacum 

(r)  Dandelion 

(d)  Tarax 

(e)  The  dried  rhiiome  and 
roots  of  Taraxacum  officinaJe 
Weber  (Fam.  Comp<mta).  Pre- 
serve the  thoroughly  dried  drug 
in  tightly  elosed  containers,  add- 
ing a  few  drops  of  chloroform  or 
carbon  tetrachloride  Irom  time  to 
time,  to  prevent  attack  by  in- 
sects. 

(/)  Cylindrical  or  somewhat 
flattened,  gradually  tapering,  us- 
ually in  broken  pieces,  from  6  to 
15  cm.  in  len^h  and  from  5  to  15 
mm.  in  thickness;  externally 
brown  or  blackish-brown,  longi- 
tudinally wrinkled,  having  num- 
erous root  and  rootlet-scars; 
crown  simple  or  branched  with 
numerous  feaf-bases  showing  an- 
luulate  markings:  odor  slight  or 
inodorous;  taste  bitter. 

Under  the  microscope,  trans- 
verse sections  of  the  root  of  Tar^ 
axacum  showai>orous,pale  yellow 
wood  from  1  to  4  mm,,  in  diame- 
ter, surrounded  by  a  light  brown 
bark  from  2  to  6  mm.  in  thick- 
ness, the  latter  composed  of  con- 
centric layers  of  laticifcrous  ves- 
sels and  sieve  tissues,  alternating 
with  whitish  inulin-bearing  par- 
enchyma. The^rhisome  portions 
show  a  small  pith. 

The  powder  is  light  brown; 
when  examined  under  the  micro- 
scope it  exhibits  parenchyma 
cdls  which  are  large,  thin-walled 
and  containing  irregular  masses 
of  inulin ;  fragments  with  yellow- 
ish-brown ^laticifcrous  vessels; 
trachea  reticulate;  intermediate 
fibers  nonlignified,  with  irregu> 
lar,  simple  and  oblique  pores. 

Taraxacum  jrields  not  more 
than  10  per  cent,  of  aah. 


(jj)  Prepar<Uion8. — Extractum 
taraxaci.  Fluidextractum  tarax- 


aci. 


{h)  Average  Dose. — Metric,  10 
Gm. — ^apothecaries,  2H  drachms. 


SULPHUR  SUBUUATUM 

Sublimed  Sulphur 

Flowers  of  Sulphur 
Salphnr.  Subum. 

It  contains  when  dried  to  con- 
stant weight  in  a  desiccator  over 
sulphuric  acid,  not  less  than  99.5 
per  cent,  of  S  (32.07). 

Sublimed  sulphur  is  a  fine,  yel- 
low powder,  having  a  sli^t,  char^ 
acteristio  odor,  and  a  faintly  acid 
taste. 

Sublimed  sulphur  is  practicidly 
insoluble  in  water  and  nearly  in- 
soluble in  alcohol;  it  is  slightly 
soluble  in  ether;  soluble  or  par- 
tially soluble  in  carbon  disul- 
phide,  chloroform,  or  olive  oil. 

At  about  115<»C.  it  fuses  to  a 
yellow,  mobile  fluid,  which  upon 
further  heating  becomes  dark  and 
viscid.  In  the  air  it  burns  to  sul- 
phur dioxide,  characterised  by  its 
odor. 

The  amount  of  residue  left  after 
volatilising  or  igniting  a  weighed 
I>ortion  of  well-curied  sublimedsul- 
phur  does  not  exceed  0.5  per  cent. 

Aatay. — Transfer  about  1  Gm. 
of  sublimed  sulphur^  previously 
dried  to  constant  weight  in  a  des- 
iccator over  sulphuric  acid  and 
accurately  weighed,  to  a  flask 
containing  50  mils  of  a  10  per 
cent,  solution  of  potassium  hy- 
droxide. Boil  the  mixture  until 
the  liquid  is  of  a  transparent,  gol- 
den-fellow color  and  then  dilute 
it  with  distilled  water  to  make  a 
volume  of  exactly  250  mils.  Oxi- 
cUxe  25  mils  of  tnis  diluted  solu- 
tion by  the  addition  of  solution  of 
hydrogen  dioxide  in  excess  (using 
about  50  mils),  and  heat  on  a 
water  bath  for  thirty  minutee. 
Then  acidulate  the  liquid  with 
hjjrdrochlorio  acid,  and  dilute  it 
with  100  mils  of  distilled  water. 
Now  heat  it  to  boiling  and  add 
hot  barium  chloride  T.S.,  in  small 
portions,  to  the  resulting  liquid 
until  no  further  precipitation 
takes  place.  Heat  this  mixture  on 
a  water  bath  for  thirty  minutes, 
collect  the  resulting  precipitate  on 
a  filter,  wash,  dry,  ignite,  and 
weigh  the  barium  sulphate.  Car- 
ry out  a  blank  determination  us- 
ing the  same  amount  of  all  of  the 
reagents  but  omitting  the  sul- 
phur, and  before  making  the  final 
calculation  deduct  the  amount 
of  barium  sulphate  thus  obtained 
from  that  obtained  in  the  assay. 
It  shows,  in  the  dried  product,  not 
less  than  99.5  per  cent,  of  S. 

Each  gramme  of  sublimed  sul- 
phur, previously  dried,  corre- 
sponds to  not  less  than  7.243  Gm. 
of  barium  sulphate. 

((7)  Preparation. — Unguentum 
sulphuris. 

(h)  Average  Doee. — Metrie,  4 
Gm. — apothecaries,  1  drachm. 


TINCTURA  LAVANDULC 

COMFOSITA 
Compound  Tincture  of 
Lavender 
Compoond  Spirit  of  Lavender 

Tr.  Lavand.  Co. 
Oil    of    Lavender, 

eight  mimlitere •  mils 

Oil  of    Rosemary* 

tiDO  milliliters S  mils 

Saigon  dnnamon,  in 
No.  50  powder,  twenty 

grammes SO  Gm. 

Clove,  in  No.  50 
powder,  five  grammes.        8  Om. 

Mvristica,  in  No.  50 
powder,  ten  grammes .       10  Gm. 

Red  Saunders,  in 
No.  50  powder,  ien 
grammes 10  Gm. 

To  make  tme  thou- 
sand miUilitera 1000  mfls 

Prepare  a  tincture  by  type 
process  M  (see  p.  222>,  macerat- 
ing the  powders  in  a  mixture  of 
seven  hundred  and  fifty  mils  of 
alcohol,  in  which  the  oils  have 
been  dissolved,  and  two  hundred 
and  fifty  mils  of  water.  Com- 
plete the  preparation  with  a 
mixture  of  three  volumes  of 
alcohol  and  one  volume  of  water. 


Liquor  potassii  arsenitis. 


Average  Dose. — Metric,  2  mils 
-apothecaries,  30  minims. 


the  United  States  Pharmacopoeia,  against  Calcaria  Usta  of  the  German 
Pharmacopoeia,  but  potassium  iodide  can  be  expressed  in  Latin  no  more 
simply  than  Potassii  lodidum  of  the  United  States  Pharmacopoeia.  As 
in  vegetable  drugs,  there  are  some  cases  where  extra  words  are  needed 
to  avoid  confusion.  Thus,  there  are  three  official  forms  of  ferrous  sul- 
phate— crystals,  granulated,  and  dried.     In  this  case  the  crystals  are 
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called  Ferri  SvlphaSf  the  granulated  is  called  Ferri  Srdphas  Granulatus, 
and  the  exsiccated  is  called  Ferri  Stdphas  Exsiccatus.  Likewise,  there 
are  two  official  mercury  chlorides,  the  comparatively  imiocuous  calomel 
and  the  very  poisonous  corrosive  sublimate;  hence  it  is  very  necessary  to 
distinguish  acciurately  between  them.  Therefore  to  the  simple  Latin 
phrase  Hydrargyri  Chloridum  is  added  the  qualifying  adjective  ^^Mite*' 
in  the  case  of  calomel,  and  "Corrosivum'^  when  corrosive  sublimate  is 
meant.  In  writing  these  Latin  names  the  accepted  rules  of  Latin  gram- 
mar are  followed,  as  will  be  shown  later  (Chapter  LVII).  Here  it  suffices 
to  say  that  all  the  Latin  names  of  drugs  are  placed  in  the  singular  number 
— as  galla,  not  gallse,  for  galls;  caryophyllus,  not  caryophylU,  for  clove — 
this,  according  to  the  United  States  Pharmacopoeia  of  1850,  ^'following 
the  example  of  the  Roman  medical  writers." 

Engli^  Name. — In  choosing  the  official  English  name  for  the  drug 

the  revisers  have  not  bound  themselves  to  the  most  popular  English 

designation  for  the  same;  in  fact,  as  a  rule,  the  popular  names  have  been 

relegated  to  the  class  of  synonyms,  and  in  many  cases  as  the  English 

name  has  been  chosen  a  term  by  which  they  are  rarely  known  by  the 

public;  the  official  Latin  and  English  names  being  very  frequently  the 

same.     Thus,  SerperUaria  is  given  as  both  the  Latin  and  English  name  of 

what  is  commonly  known  as  Virginia  snakeroot,  and  the  latter  term  is 

used  as  the  synonym.     In  choosing  the  English  name,  however,  the  same 

care  and  judgment  were  used  as  in  the  selection  of  the  Latin  name,  and 

where  the  common  English  name  is  shorter  than  the  Latin  term  and  is 

sufficiently  distinctive  to  preclude  danger  of  confusion  with  other  drug 

names,  it  is  then  chosen;  thus,  "clove"  is  used  instead  of  the  Latin 

Caryophyllus;  "ginger,"  instead  of  Zingiber;  "elm,"  instead  of  Ulmus. 

In  choosing  the  English  name  of  chemicals,  the  nomenclature  of  the 
Geneva  International  Conference  on  chemical  names  has  been  followed 
in  many  cases,  the  aim  being  to  be  thoroughly  modem  without  being 
ultra-advanced.  Of  this  nomenclature  of  salts,  particular  reference  will 
be  made  in  Chapter  XXII,  so  here  need  only  be  said  the  advisability  of 
the  student  accustoming  himself  to  the  modem  naming  at  the  outset  of 
his  studies.  Thus,  learn  to  use  the  modern  term  "potassium  chlorate" 
instead  of  the  antiquated  title  "chlorate  of  potassium,"  or,  worse  yet, 
"chlorate  of  potash." 

Synonym. — Under  this  head  the  pharmacopoeia  places  those  drug 
names  too  popular  to  be  ignored,  and  which,  for  various  reasons,  could 
not  wisely  be  accorded  official  preference. 

The  term  "Virginia  snakeroot"  is  almost  universally  employed 
instead  of  the  official  English  name,  "Serpentaria,"  but  the  pharmaco- 
poeia exercises  selective  preference  for  the  latter  word  because  the  word 
snakeroot  is  applied  to  several  distinct  drugs,  among  them  being:  serpen- 
taria; cimicifuga,  or  black  snakeroot;  caulophyllum,  or  Samson  snake- 
root; asarum,  or  Canada  snakeroot;  sanicle,  or  black  snakeroot;  eryngo, 
or  button  snakeroot;  and  senega,  or  seneka  snakeroot.  It  is  clear,  there- 
fore, that  the  designation  snakeroot  immediately  raises  the  query,  "which 
snakeroot?"  hence  the  pharmacopceial  aim  to  eventually  do  away  with 
these  confusing  synonyms.  Again,  the  use  of  the  common  synonyms  is 
apt  to  bring  misleading  results  by  similarities  in  same.  Thus,  in  one 
case,  instead  of  calamus,  recommended  for  the  gums  of  a  teething  infant, 
calomel  was  purchased  and  applied.  So  the  example  set  by  the  United 
States  Pharmacopceia  should  be  followed  as  far  as  possible  by  the 
retail  pharmacist,  who  should  endeavor  gradually  to  educate  his  trade 
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to  the  official  English  name  instead  of  the  misleading  and  confusing 
synonym. 

Official  Abbreviation. — This  innovation,  the  insertion  in  the  pharma- 
copoeial  text  of  abbreviations  of  the  Latin  names  of  the  medicines,  is  a 
needed  reform  the  practical  working  of  which  will  be  followed  with  much 
interest. 

Official  Definition. — ^This  tells  what  the  drug  is,  and  the  United  States 
Pharmacopoeia  does  this  in  as  few  words  as  possible,  as  reference  to  the 
three  typical  cases  given  on  the  preceding  page  will  show.  Accordingly, 
as  the  drug  is  of  vegetable  or  of  mineral  origin,  the  definition  differs ;  in  the 
first  case,  the  botanical  name  of  the  drug  yielding  the  drug  plays  a  leading 
rdle  in  definition,  whereas  with  chemical  drugs  the  symbolic  chemical 
formula  is  frequently  the  entire  definition.  Hence  it  is  profitable  to  dis- 
cuss these  two  entirely  different  means  of  description  separately. 

Botanical  Name. — ^Thanks  to  the  science  of  botany,  all  the  175,000 
plants  known  to  the  civiUzed  world  have  been  carefully  studied,  accur- 
ately classified,  and  to  each  has  been  given  a  distinctive  scientific  botan- 
ical name.  This  botanical  name  is  of  Latin  form,  and  follows  the  rules 
of  Latin  grammar.  It  often  seems  imnecessarily  long  and  difficult,  but, 
as  will  be  later  shown,  from  time  to  time,  it  is  usually  aptly  chosen,  as  by 
it  we  frequently  can  understand  some  of  the  characteristics  of  the  plant. 
The  botanical  name  of  the  plant  generally  consists  of  two  words — ^the 
generic  name,  that  common  to  the  genus  or  plant  group,  and  the  specific 
name,  peculiar  to  the  one  kind  of  plant  under  consideration,  an  adjective 
usually  distinguishing  it  from  closely  similar  plants. 

Even  to  the  English  name  of  a  plant  we  frequently  have  to  add  a 
qualifying  adjective;  thus  we  know  two  kinds  of  oranges,  and  to  distin- 
guish them  we  call  one  bitter  orange,  the  other,  sweet  orange;  so  do  they 
in  Latin,  the  sweet  orange  being  Citrus  Aurantium  sinensis,  the  bitter. 
Citrus  Aurantium  amara.  The  lemon  is  very  similar  to  the  orange,  hence 
is  given  the  same  generic  name,  its  complete  name  being  Citrus  Medica 
Limonum.  In  fact,  botanical  names  are  very  much  like  our  personal 
names.  We  are  Smiths  and  Jones  and  Browns  because  we  belong  to 
these  families,  and  in  order  that  one  Smith  may  be  distinguished  from 
another,  we  call  each  by  what  is  known  as  a  given  (or  Christian)  name — 
Tom,  Dick,  or  Harry.  The  difference  between  the  personal  names  of 
men  and  the  botanical  names  of  plants  is  that  in  plants  the  specific  name, 
the  plant's  "Christian  name,"  is  put  last  instead  of  first,  as  if  we  would 
call  ourselves  Smith  John,  instead  of  John  Smith. 

Do  not  misconstrue  the  above  comparison  of  the  family  name  Smith 
to  the  botanical  name  Citrus  into  the  idea  that  the  word  Citrus  is  the 
family  name  of  the  plant.  It  is  the  name  of  the  genus;  a  plant  family 
being  much  broader,  and  including  many  genera. 

As  to  the  writing  of  the  botanical  name,  the  generic  name  always 
begins  with  a  capital  letter,  while  the  specific  name  is  written  with  a  small 
initial  letter,  except  in  three  cases:  (1)  When  the  specific  name  has  been 
at  one  time  the  generic  name;  (2)  when  derived  from  the  name  of  a  person; 
(3)  when  an  indecUnable  noun.  As  seen  above,  in  some  cases,  the  specific 
name  consists  of  two  words;  one  designating  the  particular  variety,  when 
there  are  two  or  more  varieties  of  the  same  species. 

Following  the  botanical  name  in  the  United  States  Pharmacopoeia 
and  other  standard  works  comes  a  proper  name — as,  ^^Lactuca  virosa, 
Linn6"  or  *^ Pterocarpus  Marsupium,  Roxburgh.*'  This  is  the  name  of 
the  botanist  by  whom  the  botanical  name  was  bestowed  upon  the  plants. 
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A  glance  through  the  pharmacopoeia  will  show  that  a  large  number  of 
plants  were  examined  and  named  by  Carl  Linn^  (1707-1778),  who  was  a 
Swedish  apothecary.  The  botanicd  term  family ,  mentioned  above,  and 
used  in  the  present  pharmacopoeia,  was  scarcely  happily  chosen,  and  in 
common  conversation  it  is  better  to  use  the  word  "tribe"  instead. 
Scientists  substitute  for  the  word  the  term  "natural  order."  For  com- 
plete explanation  of  this  plant  grouping  recourse  should  be  had  to  a 
standard  botany,  so  suffice  it  here  to  state  that  similar  plants  are  grouped 
together  into  a  genits  (plural,  genera) ;  thus  all  the  roses  are  grouped  into 
the  genus  Rosa;  the  oranges  and  the  lemons  into  the  genus  Citrus;  the 
mints  into  the  genus  Mentha.  Now,  roses  have  some  characteristics  like 
those  of  the  blackberries  (or  the  genus  Rubus),  and,  like  the  apples  and 
pears  (or  the  genus  Pyrus).  In  such  cases  these  similar  genera  are 
grouped  together  for  classification  into  a  natural  order;  in  that  under  con- 
sideration the  name  chosen  for  the  natural  order  is  Rosacea,  Similarly, 
the  daisies  (genus  Bellis),  the  simflowers  (genus  Helianthus),  the  dande- 
lions (genus  Taraxacum)  f  and  many  similar  genera  are  grouped  into  one 
natursJ  order  called  the  Compositce.  It  will  be  noticed  in  the  United 
States  Pharmacopoeia  the  botanical  name  is  always  followed  by  the  name 
of  the  natural  order  (or  family). 

Symbolic  Formula. — ^A  majority  of  the  official  chemicals  are  not  de- 
rived from  plant  sources,  hence  in  defining  same  a  botanical  name  has 
no  part,  and  a  symbolic  chemical  formula  is  used  instead. 

A  full  explanation  of  a  chemical  formula  will  be  given  later,  so  suffi- 
cient for  this  place  is  the  bare  mention  that  it  is  an  abbreviated  method 
of  expressing  the  composition  of  the  chemical. 

Thus  the  formula  NaCl  means  a  compound  consisting  of  one  atom  of 
the  element  sodium  and  one  atom  of  chlorine  to  each  molecule.  K2SO4 
means  a  compound  containing  two  atoms  of  potassium,  one  atom  of 
'sulphur,  and  four  atoms  of  oxygen  to  the  molecule.  Hence  it  can  be 
seen  that  the  chemical  formula  answers  in  place  of  a  definition  of  many 
words.  Moreover,  by  means  of  the  symbolic  formula  we  learn  the  exact 
composition  of  the  official  chemical.  Thus,  while  absolute  sodium  sul- 
phate is  really  Na2S04,  that  is,  it  consists  of  two  atoms  of  sodium,  one 
atom  of  sulphur,  and  four  atoms  of  oxygen  to  the  molecule,  the  pharma- 
copoeia gives  as  its  symbolic  formula,  Na2SO4l0H2O,  showing  that  the 
official  product  is  sodium  sulphate  combined  with  ten  molecules  of  water 
of  crystallization  (Chapter  XXVI). 

The  official  definitions  of  chemicals  in  the  present  pharmacopoeia  are 
longer  than  those  of  former  pharmacopoeias,  because  of  introduction  of 
the  so-called  '^Purity  Rvbric.'^  This  includes  a  specific  mention  of  the 
amount  of  absolute  chemical  contained  in  a  commercial  sample.  Thus, 
sublimed  sulphur  (p.  22)  "  must  contain  not  less  than  99.5  per  cent,  of  S 
(32.07)."  Tins  purity  rubric  was  introduced  to  define  accurately  the 
chemical  for  purpose  of  its  identification  under  the  Food  and  Drug  Laws, 
both  State  and  national.  To  say  that  sublimed  sulphur  is  S  =  32.07, 
would  imply  a  100  per  cent,  product,  which  is  practically  impossible  to 
obtain.  Since  the  rubric  directs  "not  less  than  99.5  per  cent.,"  H  of  1 
per  cent,  of  accidental  impurity,  say,  moisture,  is  permissible. 

The  figures  in  such  cases  as  "S  (32.07)"  cited  above  represent  the 
atomic  weight  of  an  element  or  the  molecular  weight  of  a  compound  (p. 
349). 

Official  Description. — ^This  division  of  the  pharmacopoeial  treatment 
<A  official  drugs  scarcely  needs  extended  conmient,  so  clear  and  concise 
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are  the  descriptions.  They  are  inserted  to  enable  the  pharmacist  to  find 
out  whether  the  drugs  and  chemicals  he  purchases  are  really  of  quality 
worthy  of  administering  as  medicine.  With  vegetable  drugs,  the  descrip- 
tion deals  with  the  external  and  microscopic  appearance,  and  in  cases  of 
some  of  the  more  potent  drugs,  a  method  of  estimating  the  quantity  of  the 
active  ingredients  is  given,  this  method  being  called  the  assay  of  the  drug. 
With  chemicals,  the  official  description  deals  with  appearance,  solubility, 
and  other  physical  characteristics,  and  is  supplemented  by  a  series  of 
chemical  tests,  first,  to  establish  the  identity  of  the  chemical,  and,  sec- 
ondly, to  detect  the  presence  of  impurities.  Lastly,  there  is  usually  given 
a  quantitative  assay  of  the  chemical  by  means  of  volumetric  or  gravi- 
metric analysis. 

The  neglect  of  the  average  pharmacist  to  compare  his  stock  of  medi- 
cines with  the  standards  established  by  this  pharmacopoeial  description 
is  not  only  imwise,  but  also  unsafe,  for,  aside  from  the  ethical  point  that 
the  pharmacist  should  never  dispense  a  drug  unless  he  personally  knows 
that  it  is  up  to  all  pharmacopoeial  requirements,  there  is  the  selfish  ground 
that  in  most  of  the  States  laws  relating  to  the  purity  of  drugs  are  in  force 
and  nothing  is  more  fatal  to  the  reputation  of  a  druggist  than  prosecution 
for  selling  inferior  drugs. 

Method  of  Preparation. — Of  the  782  medicines  recognized  by  the 
United  States  Pharmacopoeia,  in  the  case  of  over  half  the  method  of 
preparation'is  given,  the  policy  being  to  give  a  recipe  whenever  it  is  prac- 
tical for  the  plmrmacist  to  compoimd  the  remedy.  For  heavy  chemicals, 
which  can  be  made  much  more  cheaply  by  the  large  manufacturer  than 
by  the  retailer,  no  recipe  is  given,  and  as  the  pharmacopoeial  committee 
has  carefully  considered  this  question,  it  behooves  every  self-respecting 
pliarmacist  to  make  as  many  of  the  preparations  for  which  a  recipe  is 
given  by  the  United  States  Pharmacopoeia  as  he  possibly  can. 

The  recipes  of  the  United  States  Pharmacopoeia  are  the  result  of  care- 
ful study,  and  are  as  near  perfect  as  human  ingenuity  can  suggest.  Oc- 
casionally an  impractical  recipe  slips  in,  but  in  most  cases  where  a  recipe 
3delds  an  unsatisfactory  product  the  fault  lies  with  the  manipulator, 
rather  than  with  the  framer  of  the  recipe.  In  all  recipes  of  the  ninth  edi- 
tion of  the  United  States  Pharmacopoeia  the  metric  system  of  weight  is 
directed  to  be  used,  the  transition  from  the  old  system  occurring  in  the 
revision  of  1880  and  1890,  as  can  be  noted  by  comparing  the  change  in 
weights  and  measures  in  the  pharmacopoeias  of  1870,  1880,  and  1890: 

1870.    Troy  ounce  and  fluidounce. 

1880.  Parts  by  weight  (both  solids  and  liquid  weighed).  This  was 
done  because  of  the  strong  desire  to  change  from  the  old  system — troy 
ounces  and  fluidounces — ^to  the  metric  system. 

However,  the  opposition  to  the  innovation  proved  too  strong,  and,  as 
a  compromise,  parts  by  weight  were  chosen.  According  to  this,  a  prepara- 
tion could  be  made  either  in  avoirdupois  ounces,  troy  ounces,  avoirdu- 
pois pounds,  troy  pounds,  grammes,  or  kilogrammes.  Thus,  in  the 
formula  of  Ammonia  Liniment  (1880)  which  read — 

Water  of  ammonia 30  parts 

Cotton-seed  oil 70  parts 

if  we  used  ammonia  water,  30  tr.  oss.,  30  av.  oz.,  or  30  Gm.,  we  would  add 
respectively  of  oil,  70  tr.  oz.,  70  av.  oz.,  or  70  Gm.,  giving  everybody  a 
chance  to  use  his  pet  system  of  weights. 

It  proved,  however,  a  bunglesome  piece  of  work,  for  it  was  an  awk- 
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ward  matter  to  weigh,  for  instance,  100  Gm.  of  a  percolating  tincture,  but 
it  Accomplished  its  work.  It  established  the  idea  of  decimal  ratio,  and 
1890  f oui^d  the  convention  ready  to  adopt  the  metric  system. 

Since  1890.    The  metric  system — grammes  and  cubic  centimeters. 
Ofllcial  Preparations. — In  the  present  pharmacopoeia,  the  description 
or  m^ethod  of  preparing  an  official  product  is  followed  by  a  Ust  of  those 
preparations  of  which  it  is  an  ingredient,  a  matter  of  much  convenience 
to  tlie  student. 

Average  Dose. — As  explained  in  the  preface  to  the  pharmacopoeia,  the 
doee  given  in  most  of  the  monc^aphs  on  official  products  is  intended 
purely  as  a  guide  to  the  practitionear  and  the  dispenser.  Efforts  were 
made  at  the  convention  of  1010  to  provide  a  table  of  maximum  doses, 
beyond  which  the  physician  should  not  transgress,  imless  he  emphasized 
his  desire  for  heroic  doses  by  writing  out  the  amoimt  in  full  or  by  other 
plain  proof  of  his  intention;  but  the  proposition  was  voted  down. 

The  National  Formulary. — ^This  work  prepared  by  a  committee  ap- 
pointed by  the  American  Pharmaceutical  Association  is  now  a  legal 
standard  since  the  National  Food  and  Drug  Laws  as  well  as  most  State 
laws,  direct  that  the  standards  set  for  drugs  and  preparations  found 
therein  shall  be  employed  in  enforcing  the  several  statutes.  The  fourth 
edition  which  has  just  appeared,  contains  not  only  a  number  of  reUable 
recipes  for  weU-known  pharmaceuticals  but  also  in  Part  II  provides 
standards  for  all  drugs  used  in  making  the  preparations,  when  such  in- 
gredients are  not  recognized  by  the  United  States  Pharmacopoeia. 

DISPENSATORIES 

A  pharmacopoeia,  being  intended  as  a  concise  standard  work  of  refer- 
ence, oy  no  means  embraces  all  the  material  used  in  the  heaUng  art. 
Thus  the  ninth  revision,  United  States  Pharmacopceia  (abbreviated  U.S.P. 
IX),  recognizes  782  drugs  and  chemicals,  and  these  include  scarcely  a 
tenth  of  the  remedies  that  have  been  suggested  even  in  our  country, 
exclusive,  of  course,  of  the  nostrums.  The  officials  represent  those  reme- 
dies which,  in  the  judgment,  of  the  revision  committee,  are  indispensable 
in  the  practice  of  medicine:  those  remedies  singled  out  from  the  vast  num- 
ber as  being  really  valuable.  Even  of  official  products  the  barest  details 
are  given  by  the  various  pharmacopoeias  in  the  effort  to  prevent  these 
works  from  becoming  too  voluminous.  Accordingly,  in  the  various  civil- 
ised countries  there  early  sprang  up  the  need  of  commentaries  on  the 
pharmacopceia:  large  works  which  not  only  fully  described  the  official 
remedies,  but  also  made  mention  of  a  large  number  of  the  unofficial  drugs 
and  chemicals  used  in  medicine. 

In  this  country  such  commentaries  are  called  dispensatories,  and  we 
are  provided  with  three  valuable  works  of  this  character:  The  United 
States  Dispensatory,  first  published  in  1833,  the  National  Dispensatory, 
first  published  in  1879,  and  King's  American  Dispensatory,  first  pub- 
lished in  1854. 

BIBLIOGRAPHICAL  HELPS 

AmonjK  appliances  needed  by  the  druggist,  none  are  more  necessary  than  a  well- 
sdected  library  of  books  and  journals,  for  it  is  from  these  that  he  learns  the  basic  prin- 
ciples of  his  calling.  In  the  preface  will  be  found  a  list  of  such  books  and  journals 
OQOSulted  by  the  author,  with  the  abbreviations  used  in  the  bibUography  found  at  the 
eod  of  each  chapter. 

M  to  hookSf  these  can  be  divided  into  three  groups:  (a)  standard  official  works  like 
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the  several  pharmacopoeias  and  The  National  Formulary;  (&)  "source  books"  dis- 
tinguished by  reason  of  their  wealth  of  bibliographic  references :  and  (c)  books  that  are 
of  service  to  the  everyday  druggist  because  of  tne  practical  iniormation  they  offer  on 
special  lines.  A  suggestive  list  of  this  class  is  found  in  the  Druggists  Circular  for  April. 
1014.  As  to  "source  books/'  most  of  those  given  in  the  bibliography  found  at  the  ena 
of  each  chapter  of  this  work  are  of  that  nature.  In  such,  the  seeker  after  the  original 
articles  can  find  the  references  to  the  papers  he  wishes  to  consult.  Similar  service  is 
rendered  by  the  Proceedings  of  the  American  Pharmaceutical  Association  volumes  1 
to  60  (1851  to  1911)  and  in  their  successors  the  "year  books"  of  the  association.  In 
current  chemical  literature.  Chemical  Abstracts  published  by  the  American  Chemical 
Society  is  likewise  of  tremendous  value,  since  therein  is  found  abstracts  of  practically 
every  article  published  in  every  chemical  journal  on  the  work. 
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CHAPTER  II 
METROLOGY 


Metrology  is  the  science  of  weights  and  measures. 

The  definition  of  weight  as  commonly  iised,  to  express  the  quantity 
of  a  given  substance,  is  erroneous,  the  correct  word  for  the  absolute 
quantity  of  matter  in  a  given  substance  being  nuiss. 

Thus  the  mass  of  a  substance  is  unchangeable  under  all  circumstances,  while 
the  weight  varies  under  certain  influences,  since  weight  is  the  measure  of  the  gravitat- 
ing force  of  the  earth,  and  the  g^ravitating  force  of  the  earth  varies  at  different  points 
on  the  earth's  surface  and  interior. 

Details  of  gravity  can  be  found  in  any  elementary  physics,  so  suflSce 
it  to  say  that  all  substances  attract  other  substances  in  direct  proportion 
to  their  mass,  and  since  of  all  bodies  on  the  surface  of  the  earth  the 
mass  of  the  earth  is  infinitely  greater,  the  preeminent  attraction  is  that 
of  the  earth. 

That  the  earth  attracts  bodies  to  it  is  shown  by  every  falling  object, 
the  tendency  of  the  falling  object  being  to  attain  as  near  the  center  of  the 
earth  as  possible.  An  ocular  demonstration  of  the  quantity  of  gravitat- 
ing force  is  offered  by  the  Jolly  spiral  balance  (Fig.  1),  which  consists 
of  an  exceedingly  sensitive  steel  spring,  which  is  elongated  on  placing  at 
the  end  thereof  a  weight  which  is  attracted  downward  by  the  earth's 
force.    The  application  of  this  spiral  balance  is  seen  in  the  ordinary  spiral 
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butcher's  scale  or  ice  scale.  Such  a  balance  measures  directly  the  force 
of  gravitation,  and  hence  the  weight  of  the  substance,  since  weight  is  the 
measure  of  the  gravitating  force  of  the  earth. 

The  B&me  spiral  balaDcc  can  be  used  for  measuring  the  comparative  weights  of  vari- 
ous substances  at  the  same  placeon  the  earth's  surface,  but  since  the  measure  of  gravi- 
tation varies  at  various  patots  on  the  surface  of  the  earth,  such  balances  are  intended 
for  use  only  at  the  place  for  which  they  are  standardiied.  Thus,  a  body  which  is 
attracted  towurd  the  earth  with  a  force  of  162pounde  at  the  poles,  is  attracted  with 
about  a  force  of  191  pounds  at  the  equator.  Hence,  as  stated  above,  the  weight  of  a 
substance  is  not  an  absolute  criterion  of  its  quantity,  and  we 
should  learn  to  speak  of  mass  rather  than  of  weight. 

In  measuring  the  quantity  of  substance,  three  sys- 
tems of  units  may  be  employed — those  of  length,  ca- 
Eacity,  and  weight — and  whUe  these  systems  seem  to 
ave  been  introduced  in  the  order  named,  yet  their 
origin  is  so  ancient  as  to  be  lost  in  the  mists  of  prehi&- 
toric  days,  the  Jews  claiming  that  both  weights  and 
measures  were  introduced  by  Cain. 

As  to  measures,  the  most  ancient  is  the  Egyptian 
cubit — the  length  of  the  forearm  (b.c.  2300). 

The  fo(A  is  of  Grecian  origin,  legend  saying  that 
Hercules'  foot  served  as  model.  Inch  is  of  Roman 
origin,  being  an  "uncia,"  or  twelfth  of  afoot,  and 
to  the  same  people  we  are  indebted  for  the  pace  and 
the  mile  (miUia possum).  The  yard  is  more  modern, 
being  the  Anglo-Saxon  measurement  of  the  girth. 

Of  weights,  the  oldest  specimens  now  extant  are  thoee  ex- 
cavated from  the  ruins  of  Babylon  and  Nineveh;  one  of  these, 
a  itone  duck,  from  B.C.  2007,  ia  inscribed  as  representing  ten 
"matuA."  This  manah  was  evidently  the  standard  for  all 
oeighborinK  countries,  mention  of  it  being  made  in  the  Bible. 
This  manaL  was  divided  into  60  shekels,  and  weighed,  in  some 
cases,  about  one  avoirdupois  pound  (4S9  to  502  Gm.},  while 
others  weigh  exactly  twice  as  much. 

This  Babylonian  manah  was  adapted  by  the  Grecians^^n- 
dergoinx  vanatiooa  in  weight  during  the  lapse  of  years.  Thus 
we  find  the  city  of  Athens  had  a  manah  (or  "mna,"  as  they 
called  it)  weighing  15^  avoirdupois  ounces  (436  Gm).,  and  the 
same  people  uid  a  silver  coin  weighing  ^oo  oi  the  manah,  which 
they  called  drachma. 

The  weight  standards  of  ancient  Italy  seemed  also  based  on 
the  Babylonian  manah,  the  first  coins  from  Rome  being  masses 
of  bronze  weighing  about  one-third  the  heavy  manah,  and  called 
the  "at  libraUt,"  or  "pondo  libTolis."     This  Roman  pound  was 
divided    into  halves,  thirds,   quarters,  and  twelfths,  and  the 
latter  was  called  "uncia"  —hence  our  word  "ounce.       Of  the 
same  monetary  value   of  the  bronze  coin  "as  libralis"  was  a 
small  silver  com  weighing  about  twenty  of  our  grains  (1.137 
Gm.),  and  this  was  called  a  " »cnpidam,"  and  as  time  went  on  these  coin  weights  be- 
came the  standard  weights  of  the  nation,  and  so  it  was  that  at  the  time  of  Nero  the 
Roman  weights  were  a  libra,  or  pound  of  S27  Gm.;  Ha  libra,  or  uncia;  ^  uncia,  or 
drachma;  and  ^  drachma,  or  gcripula,  practically  our  present  apothecary  system. 

Concerning  weights  smaller  tnan  the  scripula  there  is  much  confusion,  different 
authorities  mentioning  the  obulus,  or  3^  scruple;  the  sUiqua,  or  J^  obulua,  and  the 
-'-"--    -r  Ha  obulus,  or  J^Ten  pound.     This  is  of  no  special  interest  to  us,  and  ir 
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mentioned  merely  to  note  the  absence  of  the  grain  weight,  although  the  siliqua  (like 
our  n^in)  was  the  weight  of  a  seed — that  of  the  plant  Ceratania  tUUiua,  or  St.  John's 


The  Roman  weights  were  borrowed  by  all  the  countries  of  Central 
Europe,  and  likewise  we  find  the  coins  of  the  middle  ages  were  copies  of 
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those  of  Constantine  the  Great,  whose  Eastern  Empire  was  a  direct  off- 
shoot of  the  Roman.  Thus  the  earUest  Anglo-Saxon  penny  was  an  exact 
copy  of  Constantine's  "tremisse,"  and  weighs  J^  scripula,  or  24  grains, 
and  the  same  is  true  of  the  penny  of  Alfred  the  Great.  Evidently,  this 
coin  began  to  vary  in  weight,  and  to  standardize  same  by  some  familiar 
unit  was  the  aim  of  Henry  III.,  whose  statute  of  1266  says  the  penny 
**  shall  weigh  32  wheat  corns  in  the  midst  of  the  ear,  and  20  pence  do  make 
an  ounce,  and  12  ounces  one  pound,  and  8  pounds  do  make  a  gallon  of 
wine,  and  8  gallons  of  wine  do  make  a  London  bushel."  This  famous 
statute  is  our  formal  introduction  to  our  present  S3r8tem  of  weights  and 
measures,  giving  us  the  first  authentic  reference  to  the  pennyweight. 
The  pound  here  mentioned  is  the  ancient  Tower  potind,  used  from  Anglo- 
Saxon  times,  and  weighing  but  5400  of  our  present  grains. 

The  ordinance  of  Edward  I.  (1304)  reiterates  the  statute  just  given, 
directing  a  penny  of  32  grains  of  wheat,  the  ounce  of  20  pence,  the  pound 
of  12  ounces,  the  gallon  of  8  pounds  of  wine,  and  the  bushel  of  8  gallons. 
It  also  contains  the  innovation  that  a  pound  of  money  and  of  medicine 
consist  of  only  20  shillings;  a  pound  of  all  other  things  consists  of  25 
shillings.  It  furthermore  adds  that  a  pound  of  money  contains  12  ounces, 
while  a  pound  of  all  other  things  contains  16  ounces;  that  is,  that  articles 
of  a  common  character  should  be  dispensed  with  more  lavish  hand  than 
those  which  were  more  expensive.  Following  this  idea,  this  new  system 
of  weights  for  the  coarser  commodities  was  called  "avoirdupois,"  from 
the  French  words  '^ avoir"  and  ^^poisy"  which  mean  "to  have  weight." 
Hence  the  origin  of  two  different  pounds  and  two  different  ounces,  thus 
entailing  upon  English-speaking  people  even  to  this  day  material  incon- 
venience and  discomfort. 

But  whence  the  change  from  the  penny  of  32  wheat  grains  to  the 
penny  of  24  of  our  present  grains?  No  statute  authorizing  a  penny  of 
24  wheat  grains  can  be  found,  unless  we  accept  the  testimony  of  a  single 
and  somewhat  questionable  authority,  that  a  statute  of  Edward  I.  of  the 
year  1280  directed  a  penny  of  24  grains.  The  same  authority  believed 
that  our  present  grain  is  the  weight  of  a  barley  corn,  rather  than  a  wheat 
grain,  and  this  may  be  the  truth,  since  the  grain  of  wheat  of  modern 
times  has  been  found  to  weigh  only  three-quarters  of  our  modem  grain, 
and  Ukewise  only  three-quarters  the  weight  of  a  barley-corn. 

Be  this  as  it  may,  it  seems  possible  that  our  modem  grain  is  a  foreign 
weight  replacing  the  wheat  grain,  just  as  our  two  pounds  (troy  and  avoir- 
dupois) are  foreign  units  which  jgradually  forced  the  ancient  English 
standard,  the  Tower  pound,  from  the  field. 

The  first  official  record  we  have  of  the  introduction  of  foreign  systems 
is  in  a  statute  of  1314,  where  the  phrase  "pur  la  Ubre  de  troy  orre"  is 
used,  this  ordinance  directing  the  price  of  metals  by  the  troy  pound; 
while  a  statute  of  1335  authorized  merchants  to  buy  and  sell  "corn,  wine, 
avoirdupois f  flesh,  fish,"  etc.;  the  word  in  this  case  has  its  original  mean- 
ing of  "  weight  articles,"  and  it  was  not  until  a  statute  of  1529  that  men- 
tion of  "the  weight  called  haverdupois"  is  made. 

Of  these  two  systems,  the  troy  is  supposed  to  have  been  the  standard 
of  the  French  city  of  Troyes,  which  was  quite  a  commercial  center  in 
medieval  days,  while  our  present  avoirdupois  pound  is  said  to  have  been 
the  standard  of  Bayonne,  another  city  of  France. 

The  United  States  standard  yard  and  troy  pound  date  from  1760, 
they  having  been  conferred  upon  the  colonies  by  the  mother  coimtry,  and 
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are  copies  of  the  ancient  weights  given  above,  and  no  change  has  been 
made  by  this  government  since  its  organization. 

The  exact  number  of  grains  in  a  gallon  of  distilled  water  has  been  the  source  of 
much  controversy  and  varying  values  are  given.  One  source  of  variation  is  the  matter 
of  temperature  and  of  barometric  pressure  at  which  the  estimation  is  made.  Thus  in 
the  present  pharmacopoeia  it  is  stated  that  the  value  taken  at  25°G.  and  at  760  milli- 
meters pressure  is  58,185  grains,  while  at  4**C.  and  in  vacuo,  it  is  58.416.6  grains. 
Of  coarse,  the  ^ireight  of  the  pint  and  of  fluidounce  varies  according  to  wluch  figure  is 
taken  for  the  gallon. 

In  1816  and  in  1836  the  British  government  modified  its  system  of 
weights  and  measures,  adopting  the  so-called  Imperial  system,  in  which 
an  effort   was  made  to  place  the  accepted  system  of  weights   and 
measures  on  a  scientific  basis  by  comparing  same  with  physical  units 
which  can  be  easily  verified.    Thus,  the  yard  of  36  inches  is  based  on 
the  length  of  a  pendulum  beating  seconds  in  a  vacuum  in  London  at 
62*^.    The  length  of  this  pendulum  is  30.1393  of  the  accepted  historic 
standard  inches,  and  12  of  these  inches  are  called  a  foot,  and  three  feet, 
a  yard.    In  other  words,  the  Imperial  inch  and  yard  are  the  same  lengths 
as  the  old  units,  but  their  determination  has  been  placed  on  a  careful 
physical  measurement.    In  Uke  manner  the  Imperial  troy  pound  remains 
at  the   old   standard,  5760  grains.    The  grains,  however,  were  care- 
fufly  determined  by  the  weight  of  a  cubic  inch  of  distilled  water,  the 
weight  of  which  at  62°F.,  and  at  30  inches  barometric  pressure  was 
found  to  be  252.458  grains.    The  Imperial  gallon   differs  from  the 
United  States  gallon,  being  the  volume  of  ten  avoirdupois  pounds  of  dis- 
tilled water  imder  standard  conditions  of  temperature  and  barometric 
pressure.     In  other  words,  it  is  the  weight  of  70,000  grains  of  distilled 
water,  and  has  the  capacity  of  277  cubic  inches. 

The  volumetric  subdivision  of  the  Imperial  gallon  is  also  different 
from  the  United  States  gallon,  it  being  divided,  as  oiu*s,  into  8  pints,  bujb 
the  pints  are  divided  into  20  fiuidounces  instead  of  16. 

In  our  present  United  States  system  of  weights  and  measures  the 

troy,  apothecaries',  and  avoirdupois  ounce  weights,  and  the  yard  and 

inch,  are  the  same  as  the  English,  but  the  gallon,  as  the  old  English  gallon 

of  1760,  has  a  weight  of  58,252.8  grains,  and  a  capacity  of  231  cubic  inches. 

The  tables  of  weights  and  measures  used  in  the  United  States  are: 

Apothecaries'  Weight.  Abbreviated. 

20  grains  =  1  scruple 9 

3  scruples  =  1  drachm 3 

8  dracnms  —  1  ounce 3 

12  ounces  =  1  pound fe 

Trot  Weight.  Abbreviated. 

24  grains  =  1  pennyweight dwt. 

20  pennyweight  —  1  ounce oz. 

12  ounces  =  1  pound lb. 

Avoirdupois  Weight.  Abbreviated. 

W^  grains  =  1  ounce av.  oz. 

16  ounces  «  1  pound av.  lb. 

U.  S.  Fluid  Measure.                                                 Abbreviated. 
80  minims  =  1  fluidrachm f  3- 

8  fluidrachms  =  1  fluidounce f  8« 

16  fiuidounces   =  1  pint O. 

2  pints  «  1  quart qt. 

4  quarts  =  1  gidlon Cong. 
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The  r68um6  of  the  old  system  of  weights  and  measures  shows  what 
confusion  prevails.  We  see  there  are  four  distinct  ounces:  avoirdupois, 
4373^  grains;  apothecary  or  troy,  480  grains;  U.S.  fluid,  454.6  grains  of  dis- 
tilled water;  Imperial  fluid,  437.5  grains  of  distilled  water.  Likewise 
there  are  two  pounds:  troy,  5760  grains;  avoirdupois,  7000  grains.  There 
are  also  two  gallons;  U.S.  gallon,  231  cubic  inches  (58^85  grains  of  dis- 
tilled water) ;  Imperial  gallon,  277  cubic  inches  (70,000  grains  of  distilled 
water). 

Particular  emphasis  should  be  laid  on  the  distinction  between  the 
U.S.  and  the  Imperial  fluid  measures,  and  the  American  pharmacist 
should  never  use  an  English  graduate. 

Another  pharmaceutic  detail  worthy  of  notice  is  the  fact  that  phar- 
macists purchase  their  goods  by  the  avoirdupois  and  dispense  them 
chiefly  by  troy  system.  It  is,  therefore,  well  to  remember  that  an  eighth 
ounce,  of  morphine  sulphate  is  not  an  eighth  of  a  troy  ounce,  or  60  grains^ 
but  an  eighth  of  an  avoirdupois  ounce,  or  54.69  grains. 

COMMON  MEASURES 

The  following  common  measures,  largely  used  in  the  household,  are 
worthy  of  mention: 

A  teaspoonful  is  supposed  to  be  1  fluidrachm. 
A  dessertspoonful  is  supposed  to  be  2  fluidrachms. 
A  tablespoonful  is  supposed  to  be  4  fluidrachms. 
A  wineglassful  is  supposed  to  be  2  fluidounces. 
A  teacupful  is  supposed  to  be  4  fluidounces. 

The  words  "supposed  to  be"  are  well  chosen,  since  most  of  the  spoons 
and  other  measures  vary  greatly  as  to  size. 

Remember  that  a  drop  is  not  a  minim,  and  a  minim  does  not  neces- 
sarily weigh  a  grain. 

Drops  vary  according  to  the  character  of  the  liquid  which  is  being 
dropped,  and  also  according  to  the  surface  from  which  the  liquid  is 
dropped.  As  to  the  first,  the  variation  in  size  of  drops  is  from  44  drops 
of  syrup  of  acacia,  120  drops  of  laudanum,  and  250  drops  of  chloroform 
to  the  fluidrachm.  The  size  of  the  drop  of  the  same  liquid  will  vary  ac- 
cordingly as  the  surface  from  which  the  liquid  is  dropped  is  sharp  or  flat, 
or  whether  the  orifice  from  which  it  is  dropped  is  large  or  small.  Thus, 
water  dropped  from  the  bottom  of  a  gallon  evaporating  dish  measures 
18  drops  to  the  fluidrachm,  whereas  the  same  water  at  the  same  tempera- 
ture dropped  from  a  glass  rod  of  J^o-iJ^ch  bore  gave  600  drops  to  the  fluid- 
rachm. 

Efforts  are  now  being  made  to  introduce  a  standard  dropper  to  dehver 
20  drops  to  each  gramme  of  water  at  15**C.  A  tube  having  an  orifice 
3  millimeters  in  diameter  will  produce  drops  of  this  size. 

THE  METRIC  SYSTEM 

The  confusion  resulting  from  the  use  of  units  of  the  same  name  and 
of  different  values  cited  on  preceding  pages  led  to  an  effort  to  secure  an 
international  system  of  weights  and  measures.  This  movement  was 
instituted  by  Prince  de  Tallyrand,  who  persuaded  the  French  assembly 
to  pass  a  bill  providing  for  the  collating  of  the  various  systems  of  weights 
and  measures  then  in  use  in  France,  requesting  the  cooperation  of  the 
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British  government,  and  assigning  the  formation  of  the  new  system, 
based  on  a  imiversal  standard,  to  the  French  Academy  of  Sciences.  The 
French  Academy  took  up  the  work,  and  the  report  of  same  was  made 
into  a  law  August  1,  1793.  The  next  year  the  French  government  sent 
the  United  States  government  a  copy  of  the  new  weights  and  measures, 
with  the  request  that  they  be  adopted  by  the  infant  republic;  this  request 
was  communicated  to  Congress  by  President  Washington  in  his  message, 
January  8,  1795.  In  1821  national  attention  was  brought  to  the  metric 
system -by  John  Quincy  Adams,  who  strongly  urged  the  adoption  of  same 
by  Congress,  but  nothing  was  done  in  that  direction  until  1866,  when  an 
act  was  passed  legalizing  the  system  in  the  United  States,  and  directing 
that  the  same  be  used  in  the  medical  department  of  the  army  and  navy 
and  the  marine  hospital  service.  In  recent  years  further  progress  in  this 
direction  has  been  attempted  by  strong  pressure  on  Congress  to  pass 
laws  to  make  the  system  compulsory,  as  well  as  legal.  Such  a  bill  did 
pass  the  House  of  Representatives  in  1896,  but  was  laid  on  the  table, 
and  nothing  has  been  done  since. 

The  metric  system  was  based  on  an  absolute  unit,  and  from  that 
absolute  unit  all  other  imits  were  directly  or  indirectly  evolved.  The 
standard  unit  taken  was  the  forty-millionth  part  of  the  earth's  circum- 
ference around  the  poles,  which  was  called  a  "meter." 

This  meter  was  divided  into  tenths,  hundredths,  and  thousandths, 
which  were  called  respectively  decimeter,  centimeter,  milUmeter.  Multi- 
ples of  the  meter  were  also  arranged.  A  cube,  a  centimeter  each  way, 
was  taken  as  the  unit  of  capacity,  and  called  a  cubic  centimeter.  The 
weight  of  this  cubic  centimeter  of  distilled  water  at  4°C.  (at  which  tem- 
perature water  attains  its  greatest  density)  was  called  grammej  and  in 
this  way,  from  the  primal  unit  of  length,  the  unit  of  capacity  and  the 
unit  of  weight  were  obtained. 

Of  course,  denominations  other  than  these  three  imits  were  essential, 
and  in  all  cases  such  imits  were  based  on  the  decimal  scale,  the  change  in 
imits  of  length  and  the  weight  being  marked  by  the  prefixes  deci-,  centi- 
and  milli-  (Latin  words  meaning  ten,  one  hundred,  and  one  thousand), 
as  mentioned  above,  and  deka-,  hecto-,  kilo-  (Greek  words  meaning  ten, 
one  hundred,  and  one  thousand)  for  the  higher  imits. 

An  examination  of  this  table  of  fractions, — Hooo>  Koo>  and  ^o — 
exactly  like  mills,  cents,  dimes,  and  dollars,  will  show  similarity  between 
the  metric  system  and  our  currency: 

10000.        Mvriagramme. 
1000.        Kilogramme. 
100.        Hectogramme 


10.        Dekagramme. 
1.        Gramme.     Compare  this  to  $1.00  (dollar). 
0.10    Deci^amme.     Compare  this  to  0.10  (dime). 
0.01    Centigramme.     Compare  this  to  0.01  (cent). 
0.001  Milligramme.     Compare  this  to  0.001  (mill). 


The  unit  of  volume,  the  cubic  centimeter,  being  very  small,  a  thou- 
sand of  these  mils  was  adopted  as  a  higher  unit  and  was  called  a  liter; 
hence,  a  cubic  centimeter  is  a  milliliter,  or  one-thousandth  of  a  liter. 

Careful  measurements  have  shown  that  the  cubic  centimeter  has  not  the  same 
volume  as  has  the  thousandth  part  of  the  standard  liter.  While  the  difference  is  too 
trifling  to  be  ordinarily  consider^  the  committee  of  revision  of  the  present  pharma- 
copoBia  decided  to  follow  the  lead  of  the  eovemment  scientists  and  to  use  the  word 
milliliter  or  "mil"  in  place  of  the  term  cubic  centimeter. 
3 
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Orthography. — ^The  original  French  metric  terms  were  "metre,  litre, 
and  gramme."  These  have  been  angUcized  by  the  American  Metric 
Bureau  into  "meter,  liter,  and  gram."  However,  there  is  danger  that 
the  latter  word,  when  written,  may  be  mistaken  for  "grain,"  hence  the 
United  States  Pharmacopoeia  has  retained  the  French  speUing  "gramme," 
though  accepting  the  American  spelling  of  the  other  two  imits,  meter  and 
liter. 

Of  metric  weights,  we  need  only  consider — 

Kilogranmie,  1000  grammes. 

Gramme. 
MiUigramme,  Kooo  gramme  (0.001  Gm.). 

The  prefixes  hecta,  deka,  deci,  etc.,  should  be  clearly  understood,  but 
in  practical  work  they  are  not  used  very  often. 

The  conversion  of  ordinary  weights  and  measures  into  the  metric  or 
vice  versd  is  not  so  hard  as  it  first  seems.  All  that  has  to  be  known  is 
the  troy,  avoirdupois,  and  fluid  tables  and  the  following  facts: 

I.     That  a  gramme  equals  15.5  grains,  approximately. 

II.  That  a  kilogramme  equals  1000  grammes,  and  that  a  milligramme  is  the 
thousandth  part  of  a  gramme. 

III.  That  one  fluidounce  of  distilled  water  weighs,  at  78**  Fahrenheit,  454.6 
grains. 

IV.  That  a  mil  of  distilled  water  weighs  one  gramme. 
V.     That  a  liter  equals  1000  mils. 

With  the  three  tables  of  weights  and  measures,  given  on  a  preceding 
page,  and  the  above  five  facts,  any  ordinary  problem  in  pharmacopoeial 
weights  and  measures  can  be  worked. 

Just  an  example  or  so: 

(a)  How  many  grammes  in  4  avoirdupois  oimces? 
Answer:  1  av.  oz.  =  437.5  grains. 

4  av.  oz.  «  4  X  437.5  grains  «  1750  grains.     1750  grains. 

Remember,  the  denomination  '^ grains''  is  the  bridge  across  which  one  passes  from 
the  region  of  the  old  system  to  the  realm  of  the  metric  system. 

1  gramme  »  15.5  grains. 

Therefore^  in  1750  grains  there  will  be  as  many  grammes  as  15.5  goes  into  1750. 

15.5)1750(112+        So  you  see  there  are  about  113  grammes  in  4  avoirdupois 
155  ounces. 

200 
155 

450 
310 

In  comparing  this  example  with  the  tables  given  by  the  pharmacopoeia 
it  will  be  found  that  while  the  answer  just  given  is  112.9  grammes,  the 
true  equivalent  is  113.4.  This  is  due  to  the  fact  that  the  exact  value  of 
the  gramme  is  15.432  grains. 

If  1750  is  divided  by  15.432,  the  quotient  will  be  113.4.  However, 
15.5  is  near  enough  for  most  practical  pharmaceutic  purposes. 
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(6)     How  many  troy  ounces  in  72.5  grammes^ 
Answer:  1  gramme  »  15.5  grains. 

72.5  grammes  «  16.5  X  72.5  =  1123.75  grains. 

72.5 

15.5  1123.75  grains. 

3625        We  are  on  the  bridge.     Now  for  the  other  side. 
3625 
725 

1123.75        1  troy  ounce  =  480  grains. 

Therefore,  in  1123.75  grains  there  will  be  as  many  troy  ounces  as  480  goes 
into  1123.75— 

480)1123.75(2.34- 
960 

1637 
H40 

So  it  is  seen  there  are  about  2^o  troy  ounces  in  72.5  grammes. 

(c)     How  many  fiuidoimces  in  120  mi  Is  ? 

Answer:  1  mil  distilled  water  at  4**C.  «  1  gramme. 
1  gramme  »  15.5  grains. 
120  mils  distilled  water  =  120  X  15.5  grains  »  1860  grains. 

15.5 
120 

1860.0 

Again  we  are  down  to  grains.     1860  grains. 
1  nuidounce  distilled  water  at  15°C.  »  454.6  grains. 

Therefore^  in  1860  grains  distilled  water  there  are  as  many  fluidotmces  as 
454.6  goes  into  1860. 

454.6)1860.0(4.0+  fluidounces 
18184 

4160 

Hence,  in  120  mils  there  are  somewhat  over  4  fluidounces. 

id)     How  many  mils  in  1  pint? 
1  pint  a  16  fluidounces. 
1  nuidounce  distilled  water  —  454.6  grains. 
16  fluidounces  distilled  water  «  454.6  X  16  »  7273.6  grains. 

454.6 
16 

7273.6  grains. 

Here  we  are  at  the  crossing!    7273.6  grains. 
1  mil  distilled  water  ^  15.5  grains. 

Therefore,  in  7273.6  grains  distilled  water  there  are  as  many  mils  as  15.5  goes 
into  7273.6.  . 

15,6)7273.6(469+ 
620 

1073 
930 


1436 
So  it  is  clear  that  there  are  about  470  mils  in  one  pint. 

One  other  equivalent  besides  the  five  already  given  had  better  be 
mentioned. 

A  gramme  is  15.5  grains;  what  then  is  the  value  of  a  grain  in  the  metric 
system?     That  point  is  of  value  in  dosage. 

The  dose  of  potassium  bromide  (15-30  grains)  is  easy  to  translate 
into  one  to  two  grammes.  But  how  about  strychnine  sulphate  (dose, 
Ho-Ho  grain)? 
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Here  is  where  the  value  of  a  grain  in  milligrammea  is  needed. 

1  gramme  »  1000  milligrammes. 
1  gramme  =  15.5  grains. 
1  grain       -  ^Hss  gramme. 
Therefore,  1  grain       »  ^^55  X  1000  milligrammes. 

155)10000(64+ 
930 

700 
620^ 

Accordingly,  one  grain  equals  about  65  milligrammes,  and  the  dose  of  strychnine 
sulphate  is  1  to  2  milligrammes  (>^o  X  65;  ^io  X  65). 

The  following  quantities,  confusing  to  the  student  should  be  mastered 

by  him. 

1  grain  is  65  milligrammes  or  0.065  grammes. 
}^  grain  is  32  milligrammes  or  0.0325  grammes. 
}i  grain  is  16  milligrammes  or  0.016  grammes. 
yi  grain  is    8  milligrammes  or  0.008  grammes. 

WEIGHTS  AND  MEASURES 

The  instruments  used  in  the  pharmaceutic  application  of  metrology 
are  weights  and  measures,  and  the  comparison  of  a  given  substance  to 
the  standard  is  performed  on  an  instrument  called  a  scale  or  balance.* 

The  only  form  of  scale  with  which  the  mass  of  a  substance  is  estimated 
by  actual  gravity  is  the  spiral  balance,  which  consists  of  a  delicate  spring 
to  which  is  attached  a  scale  pan,  the  elongation  of  the  spiral  when  a 
weight  is  placed  in  the  pan  being  marked  by  the  descent  of  an  arrow 
attached  to  the  lower  part  of  the  spiral.  This  needle  moves  against  an 
index,  and  the  elongation  of  the  spring  imder  influence  of  gravity  can  be 
measured  and  through  this  the  weight  of  the  body  determined  (Fig.  1). 

The  popular  modification  of  the  same  principle  is  shown  in  the  com- 
mon butcher's  scale  and  ice  scale. 

Pharmaceutic  scales  are  modifications  of  the  principle  of  a  balance 
which  is  an  application  of  the  well-known  mechanical  aevice,  the  lever. 
The  principle  of  the  lever  is  very  simple,  consisting  of  a  rigid  bar  and  an 
oscillating  point  called  fulcrum,  with  the  power  applied  in  such  a  way  as 
to  raise  or  otherwise  move  a  weight,  this  principle  being  exemplified  in 
the  familiar  illustration  of  a  crowbar  for  raising  heavy  bodies,  and  acting 
on  the  well-known  principle  that  the  power  applied  to  raise  or  move  a 
weight  is  inversely  proportional  to  the  length  of  the  arms  of  the  lever; 
hence,  the  longer  the  arm  on  which  the  power  is  applied,  the  greater  the 
weight  it  can  raise,  and  in  the  same  way  if  the  fulcrum  is  situated  exactly 
midway  between  the  power  and  the  weight,  these  must  be  exactly  equal 
to  produce  a  state  of  equilibrium.  On  this  principle  the  balance  operates, 
the  same  primarily  consisting  of  a  rigid  bar  oscillating  on  a  central  ful- 
crum called  a  knife-edge.  From  either  end  of  the  bar  are  suspended  pans 
on  which  are  placed  respectively  the  power  and  the  weight;  the  "power" 
in  this  case  being  the  standard  weight  used  in  estimating  the  quantity 
of  the  substance.  If  the  central  knife-edge  is  situated  exactly  midway 
between  the  two,  a  standard  weight  will  be  balanced  by  exactly  the  same 
mass  of  substance  desired  placed  in  the  other  pan;  if,  on  the  other  hand, 
the  fulcrum  is  so  placed  that  one  arm  of  the  beam  is  longer  than  the  other, 
a  standard  weight  placed  in  the  pan  suspended  from  the  longer  arm  will 
weigh  as  many  times  the  amount  of  substance  in  the  pan  placed  on  the 
short  arm  as  the  relative  length  of  the  arms. 
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For  the  purpose  of  stud3dng  pharmaceutic  balances  it  is  convenient 
to  divide  them  into  the  following  four  classes: 

Single  beam  equal  arm  balances. 
Single  beam  unequal  arm  balances. 
Double  beam  unequal  arm  balances. 
Compound  lever  balance. 

SINGLE  BEAM  EQUAL  ARM  BALANCES 

Several  requirements  are  stated  by  authorities  as  essential  to  a  perfect 
prescription  balance,  the  first  being  that  the  point  of  STMspension  should 
be  slightly  above  the  center  of  gravity.  By  the  center  of  gravity  is  meant 
the  point  on 'which  a  given  object  will  oscillate  absolutely  freely:  that 
point  at  which  the  weight  of  an  oscillating  body  is  exactly  compensated 
in  every  direction. 

To  place  the  central  knife-edge  exactly  at  this  point  is  to  make  the 
balance  so  sensitive  that  time  is  lost  in  attempting  to  bring  the  beam 
into  a  state  of  rest. 

To  place  the  knife-edge  below  the  center  of  gravity  means  that  ab- 
normal condition  wherein  there  is  a  greater  weight  above  the  point  of 
suspension  than  below,  with  the  result  that,  at  the  first  opportunity, 
the  heavy  part  above  will  endeavor  to  invert  itself. 

Second,  the  end  knife-edges  shovid  be  equidistant  from  the  center,  and 
aU  three  should  be  on  the  same  plane  and  parallel  to  one  another. 


Fig.  2. — Poflition  of  kmfe-edges. 

It  is  self-evident  that  if  the  beam  is  of  exactly  the  same  weight 
throughout,  and  an  equal  arm  balance  is  desired,  that  condition  can  be 
obtained  only  by  having  one  end  knife-edge  exactly  the  same  distance 
from  the  central  as  the  other.  As  the  end  knife-edges  are  usually  inverted 
in  relation  to  the  central  knife-edge,  the  effect  of  placing  these  knife- 
edges  on  the  same  plane  is  shown  in  the  appended  sketch  (Fig.  2). 

Third,  the  beam  shovid  be  of  inflexible  and  light  material. 

The  lighter  the  beam,  the  less  friction  does  it  exert  on  the  central 
knife-edge,  hence  a  dictum  in  successful  scale  manufacturing  is  to  make 
the  frame  as  light  as  possible  without  sacrificing  rigidity. 

The  knife-edges  in  ordinary  prescription  balances  are  of  hard  polished 
steel,  but  as  that  metal  is  liable  to  rust  from  contact  with  moist  air,  and 
since  every  particle  of  rust  will  increase  the  friction,  rusted  knife-edges 
oscillate  less  freely.  In  the  finer  forms  of  balance  this  impediment  to 
free  oscillation  is  prevented  by  making  the  tips  of  the  knife-edges  of  agate, 
which  does  not  rust. 

Not  desiring  to  fill  this  work  with  an  excess  of  pictures  which  can  be 
found  in  any  catalogue  of  a  manufacturer  of  pharmaceutic  apparatus, 
only  typical  cases  of  the  several  forms  of  balances  will  be  given. 

Testing  the  Balance. — ^The  testing  of  a  balance  to  see  whether  the 
above  requirements  are  met  with  is  quite  a  simple  matter.  Thus,  if  a 
scale  is  sold  as  being  sensitive  to  a  certain  weight,  say  Koo  grain,  it 
should  show  its  sensitiveness  when  such  a  weight  is  placed  on  a  scale 
alone,  and  also  when  the  scale  is  burdened  with  its  limit  of  weight. 
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If  the  arms  of  the  balance  are  exactly  equal,  the  state  of  equilibrium 
produced  by  putting  a  hundred  gramme  weight  on  either  pan  should 
remain  the  same  if  these  weights  are  exchanged. 

If  the  knife-edges  are  parallel,  moving  the  weights  to  various  parts 
of  the  scale  pans  will  have  no  effect  on  the  equilibrium  of  the  balance. 

E[and  Sroles. — The  simplest  form  of  single  beam  equal  arm  balance 
consifits  of  a  beam  with  pan  suspended  on  either  end,  the  beam  itself 


hanging  from  a  ring  held  by  the  hand.  Id  using  a  hand  scale,  the  ring 
from  which  the  beam  is  suspended  should  be  placed  on  the  first  finger 
of  the  left  hand,  leaving  the  thumb  and  second  finger  to  prevent  too  great 
oscillation  of  the  index  (Fig.  3). 

Prescription  B(dance. — In  this  balance  the  beam  is  not  suspended 
from  the  hand,  but  oscillates  on  a  rigid  upright  column  of  brass  through 


Fit-  *■ — PrcMiiption  balanoe:  a,  Lerw  loT  rainru  beam:  b,  leTelinc  screw;  e.  uijiutiDf  button;  if, 
iDd«i  DeccUe;  t,  iadox. 

the  center  of  which  passes  a  lever  by  which  the  beam  can  be  raised  for 
oscillation,  and  lowered  in  a  state  of  rest,  at  which  time  the  knife-edgei^ 
arc  not  in  contact  with  the  oscillating  surface,  hence  useless  friction  is 
avoided.  The  entire  apparatus  is  inclosed  in  an  appropriate  glaas  case 
(Fig.  4). 
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In  purchasing  a  prescription  balance  it  is  highly  advisable  to  secure 
one  which  has  a  spirit-level  and  is  provided  with  leveling  screws,  since 
to  obtain  accurate  results  in  weighing  it  is  essential  that  the  balance  be 
perfectly  level. 

After  continued  use  it  will  be  found  that  the  weight  of  the  two  arms 
may  vary,  and  thus  throw  the  balance  out  of  equilibrium,  and  to  remedy 
this,  the  better  forms  of  such  balances  have  a  beam  on  each  end  of  which 
are  buttons  which  move  freely  up  and  down  a  screw,  thus  making  it  easy 
t-o  attain  equilibrium. 

Attached  to  the  beam  near  the  central  knife-edge  is  the  metallic  needle, 
which,  by  its  oscillation  against  the  scale,  shows  when  equilibrium  is 


Fig.  5. — Army  prescription  scale  (folded). 

reached.  This  is  attained  when  the  needle,  after  oscillating,  comes  to 
rest  at  the  point  on  the  index  directly  beneath  the  point  of  suspension. 
To  wait  until  a  delicate  balance  ceases  oscillating  is  a  tedious  operation, 
and  therefore  the  pharmacist  and  chemist  have  recourse  to  the  method 
known  as  reading  the  zero  point,  explained  under  the  analytic  balance. 

Anny  prescription  balance  is  an  exceedingly  simple  and  convenient 
form  of  single  beam  equal  arm  balance,  but  not  of  sufficient  accuracy  to 
warrant  general  use  in  pharmacy.  As  suggested  by  the  name,  it  is 
primarily  intended  for  use  by  army  surgeons  and  others  who  move  from 
place  to  place,  being  of  such  manufacture 
that  it  can  be  easily  dismantled  and  carried 
around  in  the  drawer  (Figs.  6  and  6). 

AnaljTtic  Balance. — ^Merely  a  refined 
modification  of  the  prescription  balance. 
While  the  latter  is  sensitive  to  J^o  grain, 
the  analytic  balance  is  sensitive  to  }4o  nuUi- 
gramme,  or  J^^oo  grain.  In  the  analytic 
balance  the  beam  is  usually  of  aluminum, 
while  the  knife-edges  are  invariably  tipped 
with  agate. 

For  weighing  a  smaller  quantity  than  a 
centigramme  recourse  is  had  to  a  rider 
weight.  The  rider,  which  usually  weighs  a  centigramme,  is  so  shaped 
aa  to  straddle  the  beam,  and  therefore  when  placed  on  the  beam,  exactly 
oyer  the  end  knife-edge,  it  will  exert  the  weight  of  a  centigramme.  The 
distance  on  the  beam  from  the  end  knife-edge  to  the  central  knife-edge 
is  divided  exactly  into  a  hundred  parts,  and  up  and  down  the  beam  on 
the  scale  the  rider  can  be  moved.  Following  the  principle  of  the 
lever,  weights  which  will  exert  on  the  opposite  scale  pan,  the  force  of 
1  centigramme  when  placed  exactly  over  the  end  knife-edge,  wiU  exert 
the  force  of  but  }4  centigramme  if  moved  half  way  up  toward  the  central 
knife-edge,  and  will  exert  the  force  of  but  Jf  o  centigramme  if  moved 
mne-tenths  of  the  way  up  toward  the  central  knife-edge.     The  beam 


Fig.  6. — Army  prescription  scale. 
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Fia-  7.— Andrlis  b«lan(B, 


Flo.  B.^"Clu>itionutb"  luluiae. 
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being  divided  into  exactly  100  equal  parts,  the  rider  can  be  placed  at  any 
of  these  marks,  and  thus  can  be  obtained  on  the  other  scale  pan  any  part 
of  Koo  centigramme  or  )^o  milligramme  (Fig.  7). 

Reading  Zero. — ^Time  is  saved  in  estimating  equilibrium  by  watching 
the  oscillation  of  the  needle  against  the  index  mentioned  under  prescrip- 
tion balances.  The  index  scale  on  the  anal3rtic  balance  is  usually  divided 
into  twenty  equal  lines,  ten  on  either  side  of  the  line  exactly  below  the 
point  of  suspension. 

We  set  the  beam  in  oscillation,  when  the  needle  will  move  to  the  left, 
left,  say  five  lines,  and  then,  if  the  beam  is  in  equilibrium,  the  needle  will 
move  back  to  exactly  the  fifth  line  on  the  right.  On  the  retiu-n  the  needle 
will  go  to  almost  the  fifth  line  to  the  left.  If,  however,  the  index  moves 
to  the  fifth  line  to  the  left  and  then  returns  to  the  second  line  to  the  right, 


FSg.  9.— Marble-counter  balances. 

it  would  indicate  that  the  right  beam  was  heavier  than  the  left  beam, 
and  equilibrium  must  be  restored  by  moving  a  button  at  the  end  of  that 
beam. 

The  careful  estimation  of  weight  by  this  means  is  called  "interpola- 
tion," full  details  of  which  can  be  found  in  text-books  on  advanced 
physics. 

A  large  form  of  single  beam  equal  arm  balance  is  foimd  in  the  old- 
fashioned  counter  balance  shown  in  Fig.  9. 

SINGLE  BEAM  UNEQUAL  ARM  BALANCE 

In  this  form  of  balance  the  beam,  from  which  is  suspended  the  weight, 
is  usually  two  to  ten  times  as  long  as  the  beam  to  which  is  attached  the 
pan  on  which  the  substance  is  to  be  weighed.  Thus  the  principle  of 
action,  as  cited  above,  is  that  the  standard  weight  is  to  the  substance  to 
be  weighed  as  the  length  of  the  short  arm  is  to  the  length  of  the  long  arm. 
Thus,  on  such  a  balance^  in  which  the  relative  length  is  one  to  ten,  a 
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weight  of  one  pound  placed  on  the  end  of  the  long  arm  exerts  a  weight 
of  ten  pounds  placed,  at  the  end  of  the  short  arm,  and  in  such  balance  the 
weight  is  usu^y  suspended  directly  from  the  beam,  which  is  accurately 
divided  into  100  parts  as  the  beam  of  the  analytic  balance,  the  weight 
serving  in  this  case  the  same  purpose  as  the  rider  in  the  analytic  balance. 
An  interesting  type  of  such  balance  is  found  in  the  Chaslyn  balance 
(Fig.  10). 


douSle  beau  dnhqual  akm  BAiAncs 

This  balance  is  a  modification  of  the  preceding  one,  it  being  found 
convenient  in  many  cases  to  have  two  beams  instead  of  one,  so  as  to 
handle  two  weights.  Such  a  balance  is  particularly  convenient  when  it 
is  desired  to  know  the  tare  of  a  utensil  into  which  the  weighed  substance 
is  to  be  placed  (Fig.  11). 

COEIPOUm>  LEVER  BALADCB 

In  this  balance  we  find  a  series  of  levers  replacing  the  single  or  double 
beam  hitherto  discussed,  one  lever  acting  on  another.     The  more  points 


of  contact,  the  more  the  friction,  and  therefore  such  forms  of  balances 
are,  aa  a  rule,  less  accurate  than  the  single  beam;  however,  they  are  more 
durable,  and,  as  a  rule,  weigh  more  quickly.  Such  a  form  of  balance  is 
seen  in  the  usual  box  counter  scale  and  the  box  prescription  scale  (Figs. 
12  and  13). 

In  both  cases  the  levers  are  so  arranged  that  a  weight  placed  on  a  scale 
is  exactly  compensated  by  the  same  weight  on  the  other  beam,  hence  to 
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all  intents  and  purposes  the  principle  of  action  is  the  same  as  that  of  the 
single  beam  balance. 

A  modification  of  the  compound  lever  balance  is  seen  in  the  ordinary 
platfonn  scale  intended  for  weighing  very  heavy  articles.     In  such  cases 


Fit-  U. — Trosmner's  sUh  boi  Kale. 

the  handling  of  weights  equal  to  the  mass  of  substance  to  be  weighed 
would  entail  vast  labor,  so  such  compound  lever  balances  are  constructed 
on  the  principle  of  unequal  beam  balances,  consisting  primarily  of  two 
levers,  on  each  of  which  the  power 
is    multiplied    by   ten.     In    such    a 
balance    the    weight  of  one  pound 
placed  on  the  first  lever  exerts  on  the 
end  of  the  second  lever  a  force  of  ten 
pounds,  and  this  force  of  ten  pounds 
produces  a  force  of  100  pounds  on  the 
end  of  the  second  lever  on  which  the 
platform   rests;  hence   on  such  plat- 
form scale  a  one-pound  weight  placed 
on  the  end  of  the  index  arm  will  exert 
the  force  of  100  pounds  on  the  plat- 
form. I 

Torsion  Balance. — As  cited  above, 
the  chief  objection  to  steel  knife-edges      Fi«.  13.— Traenmsrs  pMoripUoD  temita. 
is  that  when  they  rust,  the  friction  is 

iocreased,  with  a  corresponding  loss  of  sensibility.     This  is  obviated  by 
the  use  of  agate  knife-edges,  but  that  materially  increases  the  cost  of  the 
apparatus  (Fig.  14). 

In  the  torsion  balance  knife-edges  are 
dispensed  with  and,  instead,  the  beam 
oscillates  on  a  tightly  drawn  and  twisted 
wire  {Fig.  16). 

CARE  OP  THE  BALANCE 

In  the  balance  we  have  the  most  ac- 
'    curate  physical  instrument  that  has  been 

devised,  and  also  one  which,  under  reason- 

Fii.  14.— Tordon  bsu™.  able  treatment,  will  last  many  years.     In 

that  event,  however,  due  care  must  be  taken 
to  protect  the  balance  from  injury,  and  among  the  several  points  which 
most  be  enumerated  are  these: 

Firat,  the  balance  should  be  kept  permanently  in  a  dry  room,  the 
•wnperature  of  which  b  as  even  as  possible,  and  protected  from  any  acid 
«■  corroding  vapors.     In  case  it  is  necessary  to  weigh  a  fuming  liquid, 


44 


PRINCIPLES   OP   PHARMACY 


such  a  nitric  acid,  it  should  be  placed  in  a  well^toppered  bottle  while 
weighing. 

Second,  such  si^gestions  as  not  placing  the  substance  to  be  weighed 
directly  on  the  metalUc  pans,  and  keeping  the  pans  free  from  all  moisture, 
seem  unnecessary  to  one  who  appreciates  the  value  of  a  balance,  and  con- 
venient for  accomplishing  these  results  are  the  movable  glaas  scale  pans 
which  can  be  purchased  from  any  scale  manufacturer. 

Third,  weights  should  never  be  left  on 
the  balance,  and,  whenever  possible,  should 
be  transferred  to  the  balance  by  means  of 
'  pincers. 

Fourth,  under  no  circumstances  should 
the  balance  be  left  to  oscillate  after  weighing 
is  finished,  and  during  the  weighing  it  should 
be  brought  to  a  state  of  rest  whenever  new 
Fio.  IE.— Model  oi  toniaQ  twlanee.  weights  oi'  a  new  Bubstance  is  being  placed 
thereon. 


The  weights  used  on  scales  and  balances  are  composed  of  iron,  brass, 
or  aluminum,  and  of  such  shape  as  convenience  suggests.  Thus,  the 
cheap  avoirdupois  weights  are  made  of  iron,  while  those  finer  are  com- 
posed of  brass,  and  the  more  expensive  are  nickel  plated,  and  their  shapes 
are  usually  those  shown  in  Fig.  17. 


The  troy  weights  are  usually  made  in  sets  nested,  each  weight,  there- 
fore, being  a  cup  inclosing  all  the  weights  of  smaller  denominations  than 
itself,  the  smallest,  usually  J-^  troy  ounce,  being  solid,  and  fitting  in  a 
cup-shaped  weight  of  the  same  denomination  (Kg.  18). 

As  the  avoirdupois  weights,  so  the  metric  are  composed  of  iron  or 
brass;  fine  analytic  metric  weights  are  sometimes  gold-plated  brass  and 
are  sometimes  platinum  coated. 


Tia-  17.— Btui  block  « 


Fif.  18.— Troy  cup  weigliU  (wlid  bnuB). 


In  purchasing  avoirdupois  and  metric  weights  it  is  usually  wisest  to 
choose  such  as  are  arranged  in  a  block.  A  very  convenient  form  of  such 
block  is  made  of  cast  iron,  the  objection  to  wooden  blocks  being  that  they 
frequently  swell,  rendering  it  difficult  to  remove  the  weights. 

The  metric  analytic  weights  should  be  in  a  fine  wooden  box,  the  de- 
pressions in  which  the  weights  rest  being  hned  with  velvet,  serving  the 
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double  ptirpose  of  keeping  the  weights  from  being  scratched  and  prevent- 
ing them  being  held  fast  by  the  awSling  of  the  wcred.  The  deoominationB 
under  one  gramme  are  made  of  sheet  platinum. 

For  dispensing  purposes  troy  weights  are  used,  the  denominations 
under  ten  grains  being  made  of  Eiluminum,  either  in  sheets  or  in  the  form 
of  wire,  the  latter  being  bent  into  as  many  sides  as  the  weights  have  grains'. 


Iq  pharmacy  the  latter  measures,  gallons,  quarts,  etc.,  are  not  often 
used,  although  reUable  measures  of  these  sizes  should  be  found  in  every 
well-regulated  pharmacy.  These  are  made  of  brass,  tinned  iron,  or 
enameled  iron. 

Indispensable  in  the  prescription  department  are  graduates  or  meas- 
ures, from  a  pint  down,  made  of  glass,  with  the  sut>divisions  of  the  unit 
marked  on  the  sides  (Fig.  19).  The  graduation  of  these  measures  is 
performed  in  two  ways:  in  one  the  plunger  used  in  making  the  utensita 


Fi(.  ig. — E:i(Iit-i>uniie  gtaduBlB.  ^.  30.— Squlbb's  miidDi  pip«tt«B. 

out  of  the  molten  glass  is  graduated;  thus  the  finished  graduate  is  pro- 
duced in  one  operation.  More  popular,  however,  are  those  in  which  the 
Sraduating  is  done  by  hand,  the  quantity  of  liquid  being  poured  into  the 
ungraduated  vessel  from  a  burette,  and  this  quantity  of  liquid  is  carefully 
marked,  the  finishing  of  the  graduate  being  done  by  the  engraver. 

The  subdivisions  of  graduations  are  into  drachms  and  minimfl  m 
ordinary  graduates,  and  into  mila  in  the  metric. 

The  minim  graduate,  however,  is  far  from  being  reliable  as  a  large 
amount  of  the  hquid  is  retained  by  capillarity  of  the  glass  vessel,  and, 
therefore,  for  measuring  minute  quantities,  a  pipette  should  be  used. 
Such  pipettes,  graduated  to  minims,  were  put  on  the  market  by  Dr.  E,  R. 
Squibb  {Fig.  20),  and  are  more  reliable  not  merely  by  reason  of  the  dis- 
pensing of  the  full  quantity  of  the  liquid,  but,  being  narrower  than  a 
paduate  of  equal  capacity,  there  is  less  chance  for  error  in  pouring  more 
or  \ega  of  the  Uquid  into  the  utensil ;  the  narrower  the  graduate,  the  more 
accurate  can  the  quantity  desired  be  determined. 

In  this  way,  for  delicate  analytic  work,  a  liter  graduate  is  rarely  used, 
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there  being  substituted  for  same  a  Sask  of  such  size  that  when  filled  with 
a  liter  of  water  the  water  rises  within  the  narrow  neck  of  the  flask.  Such 
liter  fiask  is  used  chiefly  in  volumetric  analysis,  liquids  being  delivered 


Fl(.  21.— LiUr  fluk. 


and  measured  from  same  by  means  of  pipettes  (Fig.  22)  and  by  burette.'! 
(Fig.  23). 

In  both  cases  the  liquid  is  measured  within  a  narrow  tube,  hence 
based  on  the  same  principle  as  the  titer  bottle  (Fig.  21). 


In  placing  liquids  in  a  comparatively  small  utensil,  like  a  burette,  it 
will  be  observed  that,  through  capillarity,  the  liquid  is  attracted  to  the 
sides  of  the  vessel,  thus  making  an  edge  which  it  is  sometimes  difl!icult 
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to  T^ad;  such  an  edge  is  called  a  '^  meniscus/'  and  in  reading  the  quantity 
of  the  liquid,  the  line  representing  the  quantity  should  be  exactly  in  the 
center  of  the  meniscus  (Fig.  24). 

It  is  hardly  necessary  to  state  that  in  measuring  Uquids  in  a  graduate 
the  latter  should  be  held  perfectly  level  and  the  line  representing  the 
desired  quantity  even  with  the  eye  (Fig.  25). 
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CHAPTER  III 
SPECIFIC  GRAVITY 


In  Chapter  II  care  was  taken  to  mention  that  454.6  grains  was  the 
weight  of  a  fluidounce  of  distilled  water.     Why  distilled  water?    Would 
it  not  he  the  weight  of  a  fluidounce  of  chloroform  as  well?    Common 
sense  teaches  that  '^  some  Uquids  are  heavier  than  others/'  as  we  put  it 
—that  chloroform  is  heavier  than  water.    A  fluidounce  of  chloroform 
weighs  about  670  grains,  against  454.6  grains,  the  weight  of  the  same 
volume  of  water.     Accordingly,  we  see  that  chloroform  is  nearly  one  and 
one-half  times  heavier  than  water.     That  gives  the  idea  of  specific  grav- 
ity, the  definition  of  which  can  be  given  as  the  relative  weight  of  equal  bulks 
ofdiffererU  bodies,  adding  thereto  the  provision  that,  for  solids  and  liquids, 
the  unit  of  specific  gravity  is  distilled  water. 

Now,  to  go  back  to  oiu-  chloroform  example:  the  volume,  the  bulk, 
the  capacity  of  that  one-ounce  graduate  remains  the  same  whether  it 
contains  water  or  chloroform.  Therefore  a  fluidounce — ^be  it  of  water 
or  of  chloroform — ^represents  "equal  bulk."  '  The  respective  weights  of 
a  fluidounce  of  the  two  Uquids  is  "relative  weight,"  and,  reducing  to 
unity,  the  specific  gravity  is  obtained. 

Instead  of  the  term  specific  gravity,  the  word  "density"  is  the  more 
liappy  choice,  since  the  term  "specific  gravity"  suggests  the  gravitating 
force  of  the  earth,  which  has  only  indirect  connection  with  the  subject. 

The  estimation  of  the  specific  gravity  of  various  substances  is  of  value, 
fast,  as  the  indication  of  purity  or  strength  of  the  substance,  and,  second, 
through  the  data  thus  afforded  we  can  estimate  the  volume  of  the  sub- 
stance, while  in  a  minor  degree  it  is  sometimes  of  service  in  the  diagnosis 
of  disease. 

The  first  application  of  density  given  above  can  be  best  explained  by 
a  simple  illustration,  thus:  The  average  93  per  cent,  sulphuric  acid  has 
aBpedfic  gravity  of  1.83;  in  other  words,  is  1.83  times  heavier  than 
water.  If  this  acid  is  mixed  with  water,  the  density  of  the  liquid  will 
vary  to  somewhere  between  1.83  and  1.000,  and,  indeed  varies,  in  propor- 
tion to  the  amount  of  water  added. 

In  the  same  way  official  92.3  per  cent,  alcohol  has  a  specific  gravity  of 
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0.810,  and  is,  therefore,  0.8  times  aa  heavy  as  water.  If  such  alcohol  be 
mixed  with  water,  the  specific  gravity  of  the  liquid  will  rise  to  some  point 
between  0.81  and  1.000,  and,  indeed,  in  proportion  to  the  amount  of  , 
water  added;  hence  by  taking  the  specific  gravity  of  such  Uquid,  we  can 
estimate  the  exact  strength  of  the  liquid.  Tables  of  this  character  have 
been  carefully  worked  out,  and  are  found  in  the  pharmacopceia. 

The  other  two  uses  of  specific  gravity  being  of  minor  importance,  will 
be  discussed  in  the  appropriate  place. 

Estimation  of  the  density  of  a  body  differs  according  as  the  substance 
is  solid  or  liquid,  and  since,  by  the  explanation  given  above,  the  specific 
gravity  of  liquids  becomes  simple,  we  will  first  discuss  the  estimation  of 
the  specific  gravity  of  liquids;  afterward,  that  of  solids. 

There  are  several  ways  of  estimation  of  the  specific  gravity  of  hquids: 
(a)  By  use  of  pyknometer  or  specific  gravity  bottle ;  (b)  with  the  hydrome- 
ter; (c)  with  the  Mohr-Westphal  balance;  (tf)  with  Levi's  beads;  (e) 
with  the  Jolly  spiral  balance. 

ESTIMATION  OF  SPECIFIC  GRAVITY  OF  UQUIDS 
With  the  Pyknometer. — As  mentioned  above,  the  estimation  of  the 
specific  gravity  of  a  liquid  is  rendered  simple  because  of  the  ease  with 
which  the  weight  of  a  bulk  of  given 
liquid  can  be  compared  to  the  weight 
of  an  equal  bulk  of  water.    Thus,  in 
the  simplest  methods  of  estimation 
all  that  is  necessary  is  to  estimate  the 
weight  of  a  fiuidounce  of  water  in  a 
graduate,  then  pour  out  the  water, 
dry  the  graduate,  pouring  in  the  same 
measure  of  the  liquid,  the  specific 


Fie.  26. — Pyknoniatel.  Fia.  ST. — Sqoibb'a  pyknometer. 

gravity  of  which  is  desired,  weighing  same,  and  then  comparing  the 
weight  of  the  fluidounce  of  water  with  the  weight  of  the  fiuidounce  of 
Uquid.  As  many  times  heavier  as  is  the  weight  of  the  fiuidounce  of  the 
liquid  than  the  weight  of  the  fiuidounce  of  water,  so  many  times  heavier 
is  that  liquid  than  water,  which  figure  represents  the  specific  gravity. 
The  inacciu'acies  of  this  method  of  estimation  are  due  to  the  same  causes 
as  any  inaccuracy  in  the  measurement  of  liquids  by  means  of  the  grad- 
uate, as  mentioned  in  the  preceding  chapter,  viz.,  the  uncertainty  in  read- 
ing an  exact  volume  of  a  Uquid  when  placed  in  as  wide  a  vessel  as  a 
graduate;  hence,  in  order  to  obtain  accurate  results,  we  generally  weigh 
the  liquid,  the  weight  of  which  is  to  be  compared  to  the  weight  of  an 
equal  bulk  of  water,  in  a  fiaak  called  a  pyknometer,  two  modifications  of 
which  are  shown  in  Figs.  26  and  27. 

The  only  advantage  a  pyknometer  (or  specific  gravity  bottle)  has 
over  the  graduate  method  jvist  given  is  its  greater  accuracy.  By  tilting 
a  graduate  in  measuring  it  is  very  easy  to  get  a  little  more  or  a  Uttle  leas 
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than  the  quantity  desired,  and  every  grain  counts  in  estimating  specific 
gravity. 

In  glancing  at  the  narrow  neck  of  the  pyknometer  it  can  be  seen  how 
the  danger  of  incorrect  readings  is  lessened.  Then,  too,  the  pyknometers 
usually  hold  1000  grains  or  100  grammes,  which  renders  long  division 
unnecessary.  If  a  1000-grain  bottle  holds  1500  grains  of  a  certain  liquid, 
it  is  obvious  that  the  specific  gravity  of  that  liquid  is  1.50. 

In  both  cases  the  possible  variation  in  the  volume  of  the  liquid  when 
manipulated  by  a  person  of  ordinary  intelligence  is  practically 
nil. 

The  method  of  estimating  specific  gravity  by  means  of  the 
pyknometer  is  by  all  odds  the  most  accurate  means  at  our 
disposal,  but  the  process  is  one  requiring  considerable  time. 
To  facilitate  more  rapid  reading  other  instruments  have  been 
devised,  most  useful  of  which  is  the  hydrometer. 

The  Hydrometer. — ^As  to  the  principle  of  a  hydrometer, 
if  asked  in  which  fluid  one  could  float  better,  in  fresh  or  in 
salt  water,  the  instant  answer  would  be  in  salt  water.  Why? 
Simply  because  salt  water,  being  heavier,  buoys  one  up  more. 
And,  following  the  rule,  the  heavier  the  liquid,  the  more  it 
will  buoy  a  body  up,  and,  indeed,  proportionally.  To 
prove  this  may  be  cited  that  while  a  piece  of  iron  will  sink  in 
water,  on  mercury  it  will  float  around  like  a  chip  in  water. 
Why?  Simply  because  while  iron  is  eight  times  heavier  than 
water,  mercury  is  thirteen  times  heavier,  and  the  lighter  iron 
will  float  on  the  heavier  mercury. 

The  hydrometer  consists  of  a  glass  tube  at  the  base  of 
which  two  bulbs  are  blown,  one  containing  enough  shot  or 
mercury  to  enable  it  to  obtain  an  upright  position  when  im- 
mersed in  water,  and  the  other  and  upper  one  filled  with  air 
(Fig.  28).  According  to  the  theorem  of  Archimedes,  a  body 
when  inunersed  in  water  loses  as  much  weight  as  the  weight 
of  the  water  it  displaces,  that  is,  a  body  displaces  its  own 
weight  of  a  liquid  and,  accordingly,  as  the  liquid  is  Ughter 
or  heavier  than  water,  so  does  the  hydrometer  sink  or  rise 
when  immersed  in  same. 

There  are  two  classes  of  hydrometers,  in  one  of  which 
the  weight  of  the  hydrometer  remains  the  same,  whereas  the  point  at 
which  it  floats  varies  accordingly  as  the  liquid  is  Ughter  or  heavier, 
and  the  other  form,  which  is  designed  to  float  always  at  the  same  point  in  a 
liquid,  which  feat  is  accomplished  by  weighting  down  the  hydrometer 
when  inunersed  in  a  heavy  liquid,  i.e.,  by  meeting  the  buoyancy  of  the 
heavy  liquid  by  adding  weights  in  a  pan  at  the  top  of  a  floating 
instrument. 

Of  the  first  class,  we  have  such  well-known  hydrometers  as  Baum^'s 
and  Daniel's,  while  on  the  principle  of  the  second  type  are  based  the 
Nicholson,  Fahrenheit,  and  the  Mohr  specific  gravity  balance. 

Baum&8  Hydrometer. — ^The  sketch  and  explanation  on  preceding  page 
explain  the  construction  of  the  above-named  hydrometer,  except  details 
as  to  its  graduation. 

In  constructing  the  hydrometer,  it  was  early  noted  that  such  an  in- 
strument designed  to  measure  accurately  the  specific  gravity  of  the  com- 
monly known  liquids,  ranging,  say,  from  ether  (0.713)  to  bromine  (3.000), 
would  of  necessity  be  so  long  as  to  be  inconvenient. 


Fig.  28.— 
Hydrometer 
(achematic). 
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Baum^,  at  the  outset,  made  two  forms  of  this  hydrometer,    one  for 
liquids  heavier  than  water,  and  one  for  liquids  lighter  than  water.       The 
one  for  heavier  Uquids  is  graduated  by  weighting  same  with  sixfficient 
shot  so  that  it  would  be  ahnost  completely  immersed  in  water,  SLiid  the 
point  which  was  in  contact  with  the  surface  of  the  water  was  m&rked  or 
denominated  zero.    He  then  immersed  this  instrument  in  a  15  per  cent, 
solution  of  common  salt,  whereupon,  by  reason  of  the  superior  buoyant 
force  of  this  liquid  over  water,  the  hydrometer  was  pushed  up  a^nd  the 
point  of  contact  of  the  hydrometer  with  the  surface  of  the  salt  solution 
was  marked  off  and  denominated  15,  and  the  space  between  the   zero 
mark  and  15  accurately  divided  into  15  spaces  (provided  always   that 
the  circumference  of  the  tube  was  the  same  all  along  its  length). 

The  remainder  of  the  tube  was  divided  into  spaces  equal  to  tlie  1.5 
spaces  between  the  water  contact  and  the  solution  of  salt  cont&ct»  and 
this  marking  was  arbitrarily  denominated  "degrees  BaumS  heavy.** 

In  a  similar  manner  was  the  hydrometer  for  lighter  Uqmds  con- 
structed, this  hydrometer  being  weighted  so  as  to  float  in  a  10  per  cent, 
solution  of  salt  at  a  point  very  near  the  base  of  the  tube,  and  this  point 
was  marked  zero. 

It  was  then  floated  in  water,  when  it  naturally  sank,  and  the  place 
of  contact  with  the  surface  of  the  water  was  marked  10,  and  the  spaces 
between  the  water  contact  and  the  salt  contact  divided  into  10  equal 
spaces,  which  spacing  was  continued  up  to  the  length  of  the  tube,  and 
in  turn  designated  "degrees  Baum6  Ught."    Thus  were  the  original 
Baum6  hydrometers  constructed,  but  at  present  they  are  standardizeci 
by  dipping  the  hydrometer  in  water  and  then  into  a  standard  liquid  (con- 
centrated sulphuric  acid  for  the  "heavy"  hydrometer;  ether  for   the 
"Ught"  one),  marking  the  floating  point,  the  "degree  Baum6"  corre- 
sponding to  the  specific  gravity  of  the  standard  hquid,  and  then  sub- 
dividing the  space  between  the  floating  point  in  water  and  in  the  standard 
hquid  into  the  nimiber  of  uniform  spaces  equal  to  the  difference  in  "de- 
grees" between  water  and  the  standard  liquid. 

This  description  shows  how  exceedingly  arbitrary  and  confusing  was 
the  Baum^  marking,  for  not  only  have  we  "degrees"  which  in  themselves 
signify  nothing,  but  we  have  "degrees  Baum6  light"  and  "degrees  Baum6 
heavy."  Thus,  when  the  statement  is  made  that  the  specific  gravity  of 
the  liquid  is  15**  Baum6,  the  first  thing  that  we  must  find  out  is  whether 
a  light  or  a  heavy  hydrometer  was  used,  and,  what  is  more  unfortunate 
concerning  this  BaumS  marking,  is  the  fact  that  it  is  practically  uni- 
versally used  in  commerce  where  heavy  chemicals  are  bought  and  sold 
by  degrees  Bamn6  rather  than  by  their  actual  specific  gravity. 

It  therefore  behooves  every  retail  pharmacist  to  be  able  to  convert  degrees  Baum4 
into  specific  gravity  rapidly,  which  can  be  easily  done  by  using  the  fpllowing factors: 

To  convert  heavy  degrees  Baum^  into  specific  gravity: 

145         _ 

145  -  ^'B.  ""  ®^'  ^^' 

Thus  20**  Baum6  heavy  = 

145  145       -  -^ 

or  TTTz  or  1.16 


145  -  20       125 

To  convert  light  degrees  Baum^  into  specific  gravity,  use  the  following  factors: 

140        _ 

130  +  **B.  ~  *P'  ^^' 
Thus  20*  Baum6  light  = 

140        ^  140  _ 

130  +  20       150  "  "•^**- 


SPECIFIC   GRAVITY 


51 


Aside  from  these  general  features  of  the  hydrometer  we  find  modifica- 
tions of  the  hydrometer  especially  adapted  for  taking  the  specific  gravity 
of  certain  Uquids;  thus  we  have  the  alcoholometer  for  estimating  the 
strength  of  alcohol  through  the  specific  gravity.  Usually,  the  marking 
of  this  form  of  hydrometer  is  not  in  terms  of  specific  gravity,  but  in  the 


Tit.  as.— Squit 


— SieholKiii'*  bydrometcT. 


actual  percentage  of  alcohol.  In  the  same  way  we  have  the  lactometer 
for  estimating  the  strength  and  density  of  milk;  the  aaecharimeter  for 
estimating  density  of  syrups;  and  the  urinometer  for 
estimating  the  density  of  urine. 

Urine  differs  in  specific  gravity  from  1.010  to 
1.070,  and  since  the  mstrument  is  very  small,  the 
marking  is  from  10  to  70  instead  of  the  actual 
specific  gravity,  aa  stated  above. 

The  best  form  of  urinometer  shown  in  Fig.  29 
was  devised  by  Dr.  E.  R.  Squibb. 

Nicholson's  Hydrometer. — This  apparatus  is  of 
scientific  interest  because  its  principle  of  action 
differs  from  that  of  the  hydrometers  just  consid- 
ered by  being  arranged  to  operate  at  a  constant 
level,  but  with  varying  weight.  Such  a  hydrometer 
has  but  one  mark  on  tube,  and  is  made  to  float  in 
all  liquids  at  this  point  by  adding  or  taking  away 
weights  from  the  pan,  aa  shown  in  Fig.  30. 

On  acfoimt  of  the  inconvenience  of  using  it, 
this  hydrometer  ia  practically  limited  to  lecture 
counter  demonstration,  though  at  least  two  modifica- 
tions of  same  principle  are  found  in  very  useful 
forms  of  specific  gravity  apparatus. 

The  firet  of  these  is  Rousseau's  densimeter,  shown 
in  Pig.  31,  in  which  the  scale  pan  of  the  Nicholson 
hydrometer  is  replaced  by  a  small  cup,  and 
into  this  cup  is  poured  the  hquid  the  specific  gravity 
of  which  is  desired,  while  the  instrument  itself  is  floated  in  water.  From 
the  depth  to  which  the  standard  amount  of  liquid  sinks  the  hydrometer, 
the  specific  gravity  of  the  liquid  can  be  deduced.  The  prime  value  of 
Rousseau's  densimeter  is  to  take  the  specific  gravity  of  liquids  which  are 
either  very  costly  or  so  rare  that  a  larger  quantity,  such  as  is  necessary  for 
a  pyknometer  or  a  hydrometer,  is  not  obtainable. 

The  Mohr-Westpkal  Balance. — In  this  balance,  as  in  the  Nicholson 
hydrometer,  the  specific  gravity  is  estimated  by  the  floating  of  a  weighted 
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cylinder  which  is  kept  at  a  constant  level  by  means  of  applying  weights. 
The  balance  as  shown  (Fig.  32)  is  far  more  convenient  to  handle  than  the 
Nicholson,  inasmuch  as  the  floating  cylinder  is  permanently  attached 
to  the  end  of  the  scale  beam,  and  a  constant  level  maintained  by  keeping 
the  balance  in  equilibrium.  In  making  such  a  balance  a  cylinder  is  made 
out  of  small  glass  tube  weighted  with  an  appropriate  quantity  of  mercury, 
(or  else  a  thermometer)  and  the  exact  bulk  of  same  is  carefully  estimated 
by  immersing  same  in  water  contained  in  a  burette  or  other  narrow  gradu- 
ated tube,  and  noting  the  rise  of  the  water  when  the  cylinder  or  thermome- 
ter is  completely  immersed. 

This  cylinder  is  suspended  from  one  end  of  the  beam,  the  other  end 
of  which  is  weighted  so  as  to  produce  equilibrium  in  air.  When  the  cylin- 
der is  immersed  in  water,  the  buoyancy  of  the  latter  throws  the  balance 
out  of  equilibrium,  which,  however,  can  be  restored  by  placing  on  the 
beam,  directly  over  the  knife-edge  from  which  the  cylinder  is  suspended, 
an  appropriate  weight  in  the  form  of  a  rider;  this  weight  must,  of  course/ 

be  exactly  that  of  the  weight  of 
the  bulk  of  water,  equal  to  the 
bulk  of  the  cylinder,  for  the  body 
immersed  in  water  loses  as  much 
weight  as  the  weight  of  the  water 
displaced. 

In  the  Westphal  balance  the 
beam  is  accurately  divided  into 
ten  equal  parts,  up  and  down 
which  the  rider  can  be  freely 
moved.  Duplicate  of  this  rider 
weight  is  also  provided,  and  like- 
wise two  weights,  one-tenth  and 
one  one-hundredth  the  value  of  the 
original  rider  weight.  By  means 
of  these  rider  weights  the  specific 
gravity  of  any  liquid  can  be 
accurately  determined.  Thus,  in 
the  picture  one  large  rider  is  on 
the  notch  over  the  point  of  sus- 
pension, meaning  specific  gravity 
1.000.  The  second  large  rider  is  on  the  notch  2  of  the  beam,  correspond- 
ing to  specific  gravity  0.200.  The  one-tenth  weight  rider  is  on  notch 
5,  corresponding  to  specific  gravity  0.05;  while  the  one  one-hundredth 
weight  rider  is  on  notch  7,  corresponding  to  specific  gravity  0.007. 
These  four  weights,  therefore,  show  that  the  specific  gravity  of  the 
liquid  is  1.257. 

Lovfs  Beads. — ^Lovi's  beads  are  one  of  the  simplest  forms  of  hydrome- 
ters. They  consist  of  beads  of  glass  so  weighted  with  mercury  that  a 
definite  proportion  exists  between  the  weight  of  the  bead  and  its  volume. 
Thus,  a  bead  measuring  2  mils,  if  weighted  with  mercury  enough  to 
weigh  exactly  3  Gm.,  will  be  one  and  one-half  times  heavier  than  water, 
since  2  mils  of  water  weighs  2  Gm. 

A  bead  having  the  capacity  of  2  mils  and  weighing  2J^  Gm.  would  be 
one  and  one-fourth  times  heavier  than  water.  A  bead  having  a  capacity 
of  2  mils  and  containing  enough  mercury  to  weigh  IJ^  Gm.  would  be 
three-fourths  as  heavy  as  water,  or  have  a  specific  gravity  of  0.75,  and, 
lastly,  a  bead  of  2  mils,  containing  enough  mercury  to  weigh  exactly 
2  Gm.,  would  be  the  same  weight  as  water,  or  specific  gravity  1.000. 


Fig.  32. — Mohr-Westphal  balance. 
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After  getting  their  weights  accurately  adjusted,  the  beads  are  sealed 
and  the  specific  gravities  marked  on  the  outside  thereof. 

If  these  four  beads  were  thrown  into  water,  the  one  having  specific 
gravity  0.75,  being  lighter  than  the  water,  would  float  therein,  and  the 
ones  of  the  specific  gravities  1.50  and  1.25  would  sink,  being  heavier  than 
the  water,  while  the  one  of  exactly  the  same  specific  gravity  as  the  water 
would  float  indifferently  at  any  place  in  the  water  where  immersed.  In 
the  same  way,  if  these  beads  were  thrown  into  a  liquid  of  specific  gravity 
1.25,  the  bead  marked  1.50  would  sink,  those  of  specific  gravities  0.75 
and  1.00  would  float  on  the  surface  of  the  liquid,  while  the  one  of  specific 
gravity  1.25  would  float  indifferently. 

Thus  are  Lovi's  beads  employed,  a  handful  of  them  being  thrown 
into  the  liquid  the  specific  gravity  of  which  is  to  be  ascertained,  and  the 
one  which  floats  indifferently  in  the  solution  is  of  necessity  of  the  same 
specific  gravity  as  the  liquid. 

The  application  of  such  beads  is  usually  limited  to  the  estimation  of 
specific  gravity  of  boUing  liquids,  in  some  processes  of  manufacture  it 
being  directed  that  the  liquid  be  evaporated  to  a  certain  specific  gravity. 
If  in  such  a  heated  liquid  a  hydrometer  is  placed,  there  is  more  danger 
of  fracture  than  if  Lovi's  beads  were  applied. 

Jolly^s  Spired  Balance. — This  balance,  described  on  p.  29,  can  be  used 
instead  of  the  ordinary  balance  for  estimating  specific  gravity  of  either 
solids  or  liquids.  In  the  case  of  solids,  the  weight  of  same  is  ascertained 
in  air  and  then  in  water  and  the  well-known  rule  applied:  weight  in  air 
divided  by  loss  of  weight  in  water  equals  specific  gravity. 

In  case  of  estimating  specific  gravity  of  liquids,  a  sinker  whose  volume 
is  known  is  suspended  from  the  balance,  and  its  downward  force,  its 
weight,  is  estimated  in  air,  in  water,  and  in  the  liquid  whose  specific 
gravity  is  desired  to  be  known.  In  this  way  we  learn  the  loss  of  weight 
of  the  sinker  in  water  and  in  the  liquid,  and  from  these  data  the  specific 
gravity  of  the  liquid  in  question  is  deduced. 

ESTIMATION  OF  SPECIFIC  GRAVITY  OF  SOLIDS. 

The  specific  gravity  of  solids  can  be  estimated  in  several  ways:  (a) 
By  means  of  graduated  tube;  (ft)  by  floating  in  liquid  of  known  specific 
gravity;  (c)  by  means  of  a  hydrostatic  balance;  (d)  with  a  pyknometer. 

With  Graduated  Tube.— Specific  gravity  is  the  weight  of  a  substance 
compared  to  the  weight  of  an  equal  bulk  of  water,  and,  as  cited  above, 
the  estimation  of  the  weight  of  a  certain  bulk  of  liquid  and  comparison 
of  this  to  the  weight  of  an  equal  bulk  of  water  means  the  simple  expedient 
of  weighing  a  certain  volume  of  the  liquid  and  comparing  it  to  the  weight 
of  the  same  volume  of  water.  Taking  the  specific  gravity  of  a  solid  is 
rendered  more  difficult  by  reason  of  the  fact  that  the  great  majority  of 
mass^  of  solids  possess  irregular  surfaces,  making  the  exact  measurement 
of  their  cubical  capacity  an  impossible  task,  while  the  lack  of  mobility 
of  their  particles,  which  distinguishes  the  solid  from  the  liquid,  prevents 
solid  masses  from  assuming  the  shape  of  a  standard  vessel.  Hence  the 
weighing  of  a  certain  bulk  of  solid,  for  comparison  with  an  equal  bulk  of 
water,  by  means  of  a  pyknometer  alone,  is  out  of  the  question.  The 
only  method,  therefore,  of  estimating  the  volume  of  the  substance  as 
compared  to  the  volume  of  water  is  by  immersing  the  solid  in  the  water 
contained  in  a  graduate  tube  and  noting  the  rise  of  the  water  upon  im- 
mersion. Thus,  if  a  piece  of  brass  weighing  eight  grammes  immersed 
in  water  contained  in  a  burette  causes  the  siirfaces  of  that  water  to  rise 
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one  mil,  it  will  mean  that  one  mil  of  this  brass  weighs  eight  grammes. 
We  know  that  one  mil  of  water  weighs  one  gramme,  and  if  the  brass 
weighs  eight  times  as  much  as  the  water,  its  specific  gravity  is,  therefore, 
eight. 

By  Immersing  Solid  in  Liquid  of  Known  Specific  Gravity. — We  have  alreadv 
learned,  under  Lovi's  beads,  that  a  substance  weighing  the  same  as  the  same  bulk 
of  a  certain  fluid  will  float  indifferently  in  that  fluid,  and  this  principle  was  used  to 
estimate  the  specific  gravity  of  a  liquid  by  throwing  beads  of  known  specific  ^avity 
therein.  Inversely,  the  specific  gravity  of  a  solid  can  be  estimated  by  throwing  the 
solid  into  liquids  oi  different  specific  gravities^  and  noting  in  which  liquid  the  sub- 
stance  floats,  in  which  it  sinks,  and,  above  all,  m  which  it  floats  indifferently.  Thus, 
if  a  piece  of  ore  sinks  in  a  solution  of  mercuric  nitrate  of  specific  gravity  2.00  and 
floats  in  a  solution  of  potassiomercuric  iodide  of  specific  gravity  3.00,  it  can  be  safely 
assumed  that  this  ore  has  a  specific  gravity  somewhere  between  these  two  figures, 
and  the  exact  specific  gravity  can  be  ascertained  bv  diluting  the  last  solution  with 
sufficient  water  until  the  ore  floats  indifferently  tnerein,  then  noting  the  specific 
gravity  of  the  liquid  by  means  of  the  hydrometer. 

Such  method  of  estimation  is  of  comparatively  limited  application,  by  reason 
of  its  lack  of  convenience,  and  an  accurate  estimation  bv  this  method  takes  more 
time  than  does  the  well-known  process  of  weighing  in  air  and  then  in  water.  Its 
chief  use,  therefore,  is  limited  to  mineralogic  work,  in  which  case  a  series  of  solutions 
of  known  specific  ^vities,  ranging  from  13^  to  3,  are  kept  constantly  on  hand,  and 
the  estimation  of  the  selected  ore  made  by  throwing  same  into  one  solution,  then 
into  another,  until  we  find  the  solution  in  which  it  floats  indifferently. 

A  pharmaceutic  application  of  this  method  was  suggested  by  Hager  for  esti- 
mating the  specific  gravity  of  wax,  he  preparing  a  series  of  ten  strengths  of  diluted 
alcohol  of  specific  gravities  ranging  from  0.950  to  0.970,  and  the  freshly  melted  drop 
of  wax  18  thrown  into  [one  aftor  the  other  of  these  solutions.  A  modification  of  this 
method  is  used  for  wax  in  the  present  Pharmacopoeia. 

The  two  methods  of  estimation  of  specific  gravity  just  given  are  of 
little  pharmaceutic  value,  and  are  cited  first  merely  because  they  give 
the  principles  of  density  more  clearly  than  the  method  in  general  use; 
that  estimation  being — 

By  Means  of  a  Hydrostatic  Balance. — In  taking  the  specific  gravity 
of  soUds  by  this  process  four  conditions  are  possible: 

First,  the  solid  may  be  insoluble  in,  and  heavier  than,  water. 

Second,  the  solid  may  be  insoluble  in,  and  lighter  than,  water. 

Third,  the  solid  may  be  soluble  in,  and  heavier  than,  water. 

Fourth,  the  solid  may  be  soluble  in,  and  lighter  than,  water. 

(A)  Solids  Insoluble  in  and  Heavier  than  Water. — ^As  mentioned  above, 
the  direct  comparison  of  the  bulk  of  a  mass  of  solid  with  the  same  bulk 
of  water  is  a  matter  of  some  difficulty.  Some  indirect  method  had  to  be 
devised,  and  this  was  reached  by  a  practical  application  of  a  theorem  of 
Archimedes,  one  of  the  ancient  philosophers. 

Suppose,  into  a  glass  full  of  water  to  the  brim,  an  eight-ounce  brass 
weight  is  dropped;  of  course,  the  water  will  overflow.  Now,  Archimedes 
found  an  interesting  comparison  between  the  weight  of  the  overflowing 
water  and  the  changed  weight  of  the  brass  in  the  water.  He  found  that 
a  body  in  water  weighed  less  than  it  did  in  air.  The  student  should 
demonstrate  this  for  himself,  for  practical  demonstrations  are  of  great 
value.  Take  a  hand  scale  and  tie  a  weight  beneath  the  pan;  weigh  it  in 
the  air,  then  in  the  water,  when  it  will  be  found  that  brass,  which  weighs 
eight  ounces  in  air,  weighs  only  seven  ounces  in  water.  It,  therefore, 
loses  one  ounce  of  its  weight  when  immersed  in  water. 

Archimedes  showed  that  the  amount  of  water  displaced  from  the  full 
glass  mentioned  above  was  one  ounce  in  weight  also.  Accordingly,  he 
devised  his  famous  theorem,  "A  body  immersed  in  water  loses  as  much 
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weight  as  the  weight  of  the  water  it  displaces."  Naturally,  the  amount 
of  water  displaced  by  a  body  means  a  bulk  equal  to  that  body,  and  thus 
we  indirectly  get  the  weights  of  equal  bulks  of  water  and  the  body  with 
which  we  are  experimenting.  If  the  relative  weights  of  equal  bulks  of 
water  and  some  other  liquid  were  as  1  is  to  8,  the  specific  gravity  of  the 
other  liquid  would  be  8  divided  by  1,  or  8;  if  the  relative  weights 'were, 
say,  240  grains  for  water  and  480  grains  for  the  other  liquid,  the  specific 
gravity  of  the  latter  would  be  480  divided  by  240,  or  2.  Remember  that 
loss  of  weight  of  a  body  in  water  means  the  weight  of  a  bulk  of  water 
equal  to  that  of  the  body,  and  one  can  easily  understand  the  rule  for 
taking  the  specific  gravity  of  solids.  "Weigh  the  body  in  air,  then  in 
water.  Divide  the  weight  in  air  by  the  loss  of  weight  in  water,  and  the 
quotient  will  be  the  specific  gravity." 

The  principle  of  this  case  has  been  considered,  but  as  to  practical 
manipxilation,  it  need  only  be  stated  that  the  substance  of  which  the 
specific  gravity  is  desired  is  attached  to  a  balance  by  a  fine  silk  thread, 
better,  a  horsehair,  suspended  in  a  beaker,  or  other  suitable  glass  contain- 
ing distilled  water  of  definite  temperature  (usually  15^C.),  after  being 
carefully  weighed  in  air. 

It  will  be  observed  that  the  body  weighs  less  in  water  than  it  did  in 
air,  and  the  difference  between  these  two  figures  (the  loss  of  weight  in 
water)  is,  according  to  the  theorem  of  Archimedes,  exactly  the  same  as 
the  weight  of  the  same  bulk  of  water;  hence  if  an  8-gramme  brass  weight 
immersed  in  water  weighs  7  grammes,  the  loss  of  weight  of  one  gramme 
can  be  transcribed  into  the  statement  that  the  quantity  of  water  of  ex- 
actly the  same  bulk  as  the  8-gramme  weight  would  weigh  exactly  1 
gramme. 

If,  during  this  experiment,  the  brass  weight  is  immersed  in  a  gradu- 
ated tube,  it  will  be  found  that,  on  placing  the  8-granmie  brass  weight 
below  the  surface  of  the  water,  the  water  in  the  tube  will  rise  exactly  one 
rail  if  the  temperature  of  the  water  is  4°C.  Now,  one  mil  of  water  weighs 
one  gramme,  and,  therefore,  we  learn  that  the  loss  in  weight  in  water  of 
a  given  substance  is  exactly  equal  to  the  wei^t  of  an  equal  bulk  of  water. 

This  being  the  case,  we  see  that,  by  estimating  the  loss  of  weight  in 
water,  we  have  a  direct  comparison  of  the  weight  of  the  substance  with 
the  weight  of  an  equal  bulk  of  water,  and  all  that  is  necessary  in  order  to 
deduce  the  specific  gravity  is  to  divide  the  weight  in  air  by  the  loss  of 
weight  in  water,  that  is,  divide  the  weight  in  air  by  the  weight  of  an  equal 
bulk  of  water,  it  being  always  remembered  that  the  specific  gravity  means 
how  many  times  heavier  is  a  substance  than  is  the  same  bulk  of  water. 
Hence,  memorize  this  rule:  Weight  in  air,  dimded  by  loss  of  weight  in 
water,  equals  specific  gravity. 

(B)  Solids  Insoluble  arid  Lighter  than  Water. — Such  solid  of  necessity 
floats  on  the  siuf  ace  of  the  water,  and  in  order  to  find  the  loss  of  weight 
in  water  the  substance  must  be  completely  immersed.  In  estimating 
the  specific  gravity  of  such  solids  they  must  be  forced  under  the  surface 
of  the  water  by  attaching  some  heavy  substance,  for  example,  a  brass 
weight. 

The  method  of  taking  the  specific  gravity  of  the  substance  after  im- 
mersion is  practically  the  same  as  that  of  taking  the  specific  gravity  of  a 
solid  insoluble  in  and  heavier  than  water,  namely:  we  must  know  the 
weight  of  the  substance  and  the  sinker  separately  in  air,  the  weight  of 
both  in  water,  and  the  weight  of  the  sinker  alone  in  water. 

The  weight  of  the  two  substances,  minus  the  weight  of  both  in  water. 
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gives  the  loss  of  both  in  water,  and  from  this  figure  the  loss  of  the  weight 
of  the  sinker  alone  is  taken;  we  then  have  the  loss  of  weight  of  the  lighter 
substance  in  water,  whereupon  we  apply  the  rule:  Weight  in  air  divided 
by  loss  of  weight  in  water  eqvxils  specific  gravity. 

An  illustration  of  such  an  estimation  is  as  follows:  A  piece  of  wax 
weighs  4  grammes  in  air,  and  to  immerse  same,  we  attach  a  brass  weight 
weighing  60  grammes.  The  two  weigh  in  water  43.84  grammes;  hence 
the  loss  of  the  weight  of  the  two  in  water  equals  64 — 43.84,  or  10.16 
grammes. 

Then  we  immerse  the  smker  in  water  and  find  it  weighs  44  grammes. 
Then  the  weight  of  the  sinker  in  air  (50  grammes),  minus  the  weight  of  the 
sinker  in  water  (44  grammes),  equals  the  loss  of  weight  of  the  sinker  in 
water  (6  grammes).  The  combined  loss  of  weight  (10.16  grammes)  minus 
the  loss  of  the  sinker  alone  (6  grammes)  gives  the  loss  of  the  weight  of 
wax  in  water  (4.16  grammes).  The  weight  of  the  wax  in  air  (4  grammes), 
divided  by  the  loss  of  the  weight  in  water  (4.16  grammes),  gives  the 
specific  gravity  (0.960). 

In  observing  these  figures,  the  student  is  confronted  with  what,  at  a 
first  glance,  seems  a  peculiar  statement,  that  a  piece  of  wax  weighing 
4  grammes  loses,  when  immersed  in  water,  4.16  grammes;  that  is,  it  loses 
more  weight  than  it  actually  possessed.  This  can  be  easily  explained, 
however,  when  we  appreciate  the  fact  that  weight  is  merely  the  measure 
of  the  gravitating  force  of  the  earth,  and  that  when  a  substance  hanging 
toward  the  earth  is  immersed  in  a  liquid,  it  is  acted  upon  by  an  opposing 
upward  force,  namely,  the  buoyant  force  of  water.  This  explains  why, 
when  a  substance  is  immersed  in  water,  it  is  said  to  lose  weight,  the  so- 
called  loss  of  weight  being  the  difference  between  the  actual  attractive 
force  of  th^  earth  and  that  same  force  when  modified  by  the  upward 
force  of  the  liquid  in  which  the  substance  is  immersed. 

In  case  of  solids  lighter  than  water  the  upward  buoyant  force  of  the 
liquid  is  greater  than  the  downward  force  of  gravitation,  hence  the  phe- 
nomenon of  a  body  losing  more  weight  than  it  originally  possessed. 

(C)  Solids  Soluble  in  and  Heavier  than  Water. — ^It  is  hardly  necessary 
to  state  that  with  some  substances  (lump-sugar,  for  example)  we  cannot 
accurately  estimate  the  loss  of  the  weight  in  water,  for  while  we  are 
endeavoring  to  weigh  the  substance  in  water,  the  water  will  be  dissolving 
the  solid,  which  will  finally  disappear  under  the  solvent  action  of  the 
liquid;  in  such  cases,  therefore,  we  must  have  recourse  to  an  indirect  esti- 
mation, namely:  by  estimating  the  loss  of  weight  of  the  substance  in 
some  liquid  in  which  it  is  insoluble,  and,  from  this,  estimating  what  would 
be  the  loss  of  weight  of  the  same  substance  in  water  by  a  proportion  in- 
volving the  respective  specific  gravities  of  the  two  liquids. 

Thus,  if  a  piece  of  alum  weighs  in  air  3  grammes,  and  weighs  in  turpentine  (sp. 
gr.  0.87)  1.48  grammes,  the  loss  of  weight  in  turpentine  will  be  1.62  grammes.  If 
we  divide  the  weight  in  air  by  the  loss  of  weight  in  turpentine,  we  would  ^timate 
how  many  times  heavier  the  substance  was  than  turpentine,  which  datum  is  of  no 
interest  to  the  observer.  In  other  words,  the  loss  of  weight  in  turpentine  represents 
the  weight  of  an  equal  bulk  of  turpentine,  while  what  we  really  want  to  know  is 
the  weight  of  an  equal  bulk  of  water  (or  loss  of  weight  in  water). 

This  is  estimated  by  the  following  proportion: 

The  specific  gravity  of  turpentine  is  to  specific  gravity  of  water  as  the  loss  of 
weight  in  turpentine  is  to  the  loss  of  weight  in  water,  and  applying  this  to  the  above 
example,  we  have: 

0.87  :  1.00  ::  1.52:  X 
1.00  X  1.52   _ 

^  0.87  " 
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Ry*  %i^ia  we  see  that  the  piece  of  alum,  which  lost  1.52  grammes  in  turpentine, 
woula  lose  1.74  grammes  if  it  were  possible  to  estimate  the  loss  of  weight  in  water 
l>y  immersing  same  therein.    This  obtained,  we  apply  the  usual  rule: 

"Weigbt  in  air  divided  by  loss  of  weight  in  water  equals  specific  gravity,  and  get — 
3.00  -*-  1.74  «  1.73.     (Specific  gravity  of  the  alum.) 

(ID)  Solids  Soluble  in  and  Lighter  than  Water, — Of  this  comparatively 

rare  class  of  bodies  it  need  only  be  said  that  the  estimation  of  the  specific 

gravity  of  same  is  carried  on  by  combining  the  two  previous  methods  of 

estimation,  viz.,  to  the  substance  we  attach  a  weight  or  sinker  and  im- 

merae  same  in  some  liquid  in  which  it  is  insoluble;  in  this  way  we  have  a 

double  estimation  to  perform:  First,  to  subtract  the  Ipss  of  weight  of  the 

sinker  from  the  combined  loss  of  weight,  as  in  B.    Take  the  loss  of  weight 

of  the  substance  alone  in  the  liquid,  and  deduce  therefrom  the  loss  of 

w^eight  in  water,  as  in  C.    Lastly,  apply  the  rule:  Weight  in  air  divided 

hy  loss  of  weight  in  water  eqiuds  specific  gravity. 

With  the  Pyknometer. — ^The  estimation  of  specific  gravity  of  solids 
by  means  of  the  balance  is  limited  to  such  substances  possessing  sufficient 
cohesion  to  enable  same  to  be  suspended  from  a  thread  or  horsehair,  a 
method  which  is  inapplicable  to  powders. 

In  estimating  the  specific  gravity  of  powders,  therefore,  recourse  is 
had  to  a  modification  of  the  pyknometer  experiment,  which  can  be  best 
explained  by  citing  a  possible  case. 

Assuming  we  had  powdered  calomel  weighing  10  grammes,  we  would 

take  the  specific  gravity  of  same  in  a  pyknometer,  holding,  say,  100 

granmies  distilled  water.     Now,  if  all  the  100  grammes  of  water  would 

remain  in  the  pyknometer  on  the  addition  of  calomel,  the  combined 

weight  would  be,  of  course,  110  grammes.    However,  it  is  an  accepted 

fact  that  when  the  powdered  calomel  is  placed  in  a  bottle,  water  -will  be 

displaced  and  some  rejected,  the  amount  of  rejected  water  being  equal 

to  the  weight  of  an  equal  bulk  of  calomel.    In  the  actual  experiment  the 

weight  of  the  10  grammes  of  calomel  and  of  water  sufficient  to  fill  the 

100-granmie  bottle  was  found  to  be  108.6  grammes.     This  shows  that 

the  amount  of  water  displaced  is  110-108.6,  or  1.4  grammes.     In  other 

words,  the  weight  of  a  bulk  of  water  equal  to  the  bulk  of  the  10  grammes 

calomel  was  1.4  grammes;  hence  the  calomel  is  as  many  times  as  heavy 

as  water  as  1.4  goes  into  10;  hence  the  specific  gravity  of  the  calomel  is 

10  -5-  1.4,  or  7.1. 

As  mentioned  on  p.  47,  the  knowledge  of  the  specific  gravity  of  phar- 
maceutic substances  aids  us  in  estimating  the  volume  of  a  certain  weight 
of  liquid. 

TTius,  if  we  know  that  the  specific  gravity  of  sulphuric  acid  is  1.83, 
and  we  have  a  recipe  calling  for  a  given  weight  of  same,  we  can  transcribe 
this  weight  into  the  liquid  volmne  of  the  acid  by  dividing  the  number  of 
grammes  directed  by  the  specific  gravity  of  the  acid.  In  the  same  way 
if  we  wish  to  know  what  size  container  is  necessary  to  hold  twenty  avoir- 
dupois pounds  of  glycerin  (sp.  gr.  1.25),  we  can  find  out  by  a  simple  cal- 
culation involving  the  number  of  gallons  in  twenty  pounds  of  water  and 
dividing  this  number  by  the  specific  gravity  of  glycerin.  This  latter 
example,  however,  is  perhaps  more  properly  solved  by  specific  volume, 
mention  of  which  will  be  made  shortly. 

In  answer  to  the  question  as  to  the  pharmaceuticals  of  which  we 
should  study  the  specific  gravities,  it  might  be  stated  that  every  phar- 
macist should  know  at  least  the  following: 
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Ether 0.716  These  figures  represent  the  specific 

Chloroform 1.475  Kravity   of   each   substance   at    25°C. 

Glycerin 1.249  r77**F.},  for  bear  in  mind  that  tem- 

Alcohol 0.810  perature  is  an  important  factor  in  de- 

Sulphuric  acid 1.83  ducing    specific    gravity — the    warmer 

Nitric  add 1.403  the   temperature,   the   less   dense   the 

Mercury 13.6  liquid. 

A  practical  demonstration  of  the  use  of  specific  gravity  may  be  valu- 
able. We  want  to  know  how  many  grains  there  are  in  a  fluidounce  of 
ether,  specific  gravity  0.720. 

One  fluidounce  of  distilled  water  weighs  454.6  grains;  therefore  a 
fluidounce  of  ether,  sp.  gr.  0.716  weighs  454.6  X  0.716  =  325.49. 

454.6 
0.716 

27276 
4546 
31822 

325.4963 

SPECmC  VOLUME 

Specific  volume  is  just  the  reverse  of  specific  gravity. 

Specific  gravity  is  the  relative  weight  of  equal  bulks  of  different 
bodies. 

Specific  volume  is  the  relative  bulk  of  equal  weights  of  different  bodies. 

To  get  the  specific  volume  of  a  body  we  divide  1,000  by  the  specific 

gravity.     Thus,   the  specific  volume  of  chloroform  is  approximately 

0.666+ 

1.000  -^  1.60  =  0.666+. 

As  a  homely  example,  while  specific  gravity  means,  m  a  general  way, 
how  many  avoirdupois  ounces,  grammes,  etc.,  in  one  pint,  liter,  etc.,  of 
alcohol,  chloroform,  etc.,  specific  volume  teaches  what  size  bottle  it  will 
take  to  hold  a  pound  or  a  kilogramme  of  the  substance  in  question.  Thus 
specific  gravity  deals  with  what  weight  of  a  certain  substance  will  go 
into  a  certain  sized  bottle,  while  specific  volume  asks  what  sized  bottle 
will  hold  a  certain  weight  of  the  substance.  If  we  say  chloroform  has 
the  specific  gravity  1.50,  we  mean  (since  pint  and  avoirdupois  pound  of 
water  are  somewhat  approximate)  that  a  pint  of  chloroform  weighs  some- 
where around  1^  avoirdupois  pounds.  Regarding  this  same  cUoroform, 
an  avoirdupois  pound  of  it  will  not,  as  is  full  well  known,  fill  a  pint 
bottle.  In  fact,  it  will  easily  go  into  a  tweive-fluidounce  bottle.  We 
get  nearer  its  exact  bulk  by  dividing  16  by  the  specific  gravity,  or,  in  the 
present  case,  16  divided  by  1.50  equals  10.6,  and  we  find  that  one  avoir- 
dupois poimd  of  chloroform  has  a  bulk  of  about  10.6  fluidounces.  This  is 
only  approximate,  for,  in  truth,  a  pint  of  water  weighs  more  than  an 
avoirdupois  pound,  and,  again,  the  specific  gravity  of  chloroform  is  1.475 
(at  25®C.),  not  1.50.  The  exact  estimation  of  the  weight  of  a  pint  and  the 
volume  of  an  avoirdupois  pound  of  chloroform  is  as  follows: 

1  pint  —  16  fluidounces. 

1  fluidounce  distilled  water  «  454.6  grains. 

1  pin;  (,16)  fluidounces  distilled  water  -  454.6  grains  X  16  »  7273.6  grains. 
16  fluidounces  chloroform  (sp.  gr.  1.475)  =  7273.6  X  1.475  «  10,728.56  grains. 
7000  grains  =  1  avoirdupois  pound. 

Therefore,  in  10,728.56  grains  there  are  as  many  avoirdupois  pounds  as  7000 
goes  into  10,728.56: 

10,728.56  divided  by  7000  =  1.532, 
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and  we  see  that  one  pint  of  chloroform  weights  1.532  avoirdupois 
pounds,  considerably  over  IJ^  avoirdupois  pounds.  Now  for  the  volume 
of  one  avoirdupois  pound  of  chloroform: 


1.534  avoirdupois  pounds  of  chloroform  measure  16  fluidounces. 
1  avoirdupois  pound  of  chloroform  will  measure  ^^^^532  X  16 

1532)16000(10.4  + 
1532 


10.4  ounces — 


6800 
6128 


144 

Before  closing  this  chapter,  other  phases  of  simple  arithmetic  as 
applied  in  pharmacy  may  well  be  taken  up. 

ALUGATION 

.  Alligation,  or  'Hhe  rule  of  mixtures"  as  applied  in  pharmacy,  includes 
those  arithmetic  processes  used  in  ascertaining  the  relative  amount  of 
different  strengths  of  the  same  substance  needed  to  blend  into  a  substance 
of  a  definite  intermediate  strength.  Thus,  by  alligation  we  solve  such 
problems  as  the  blending  of  two  strengths  of  opiums  into  a  third  strength. 

Opium^  as  we  will  learn*  later,  is  a  substance  whose  activity  is  based 
on  the  amount  of  morphine  it  contains,  and  when  we  say  10  per  cent, 
opium,  we  mean  that  100  grammes  of  the  drug  contain  10  grammes 
morphine;  by  18  per  cent,  opium  we  mean  one  that  contains  18  grammes 


I       1       I 


s 


I     I     I 


Fig.  33.— Alligation  I. 

morphine  to  each  100  grammes;  while  14  per  cent,  opium  is  such  as  con- 
tains 14  grammes  to  the  hundred.  It  can  be  seen  that  we  can  combine 
10  per  cent,  opium  and  18  per  cent,  opium  to  make  14  per  cent,  opium, 
nor  is  it  difficult  to  figure  out  that  equal  quantities  of  10  per  cent,  and 
18  per  cent,  will  make  14  per  cent.;  but  upon  what  principle  is  the  arith- 
metic calculation  based? 

The  best  comparison  of  alligation  is  with  the  principle  of  the  balance, 
as  fuDy  explained  on  p.  36.  What  do  we  mean  by  a  single  equal  arm  bal- 
ance? It  means  a  beam  represented  by  the  line  a-6  (Fig.  33)  of  the  same 
weight  throughout,  suspended  on  a  central  knife-edge,  with  pans  hanging 
from  the  end  knife-edges  (a  and  b  respectively).  In  order  that  the  bal- 
ance swing  exactly  even  it  is  necessary  that  the  central  knife-edge,  c,  be 
exactly  midway  between  a  and  5.     Thus,  if  we  call  a  10  inches,  and  b 
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18  inches,  the  beam  would  be  18  —  10,  or  8  inches  long,  and  if  c  be  at 
14  inches,  it  will  stand  18  —  14,  or  4  inches,  from  6,  and  14  —  10,  or 
4  inches,  from  a,  and  4  pounds  placed  on  pan  a  would  be  exactly  balanced 
by  4  pounds  placed  on  pan  6. 

Compare  this  to  the  following  opium  alligation.  We  have  10  and 
18  per  cent,  opiums  and  wish  to  mix  them  so  as  to  make  14  per  cent. 
This  we  solve  as  follows: 


14  —  10-4 


18  —  14 


And  we  see  that  4  pounds  of  10  per  cent,  and  4  pounds  of  18  per  cent,  give  8 
pounds  of  14  per  cent. 

Again,  what  do  we  mean  by  a  single  beam  unequal  arm  balance?  We 
mean  a  beam,  like  Pig.  33,  only  with  knife-edge  c  not  midway  between 
a  and  6  (Fig.  34). 

Assuming  as  before  that  we  call  a  10  inches  and  6  18  inches,  we  would 
have  a  beam  8  inches  long,  and  if  c  were  at  12  inches,  it  would  stand 
18  —  12,  or  6  inches,  from  6,  and  12  —  10,  or  2  inches,  from  a.  In  order 
to  balance  such  a  beam  different  weights  must  be  placed  on  pans  a  and  6, 
following  the  general  principles  of  the  lever;  namely,  a  certain  weight 
placed  on  the  pan  of  the  long  arm  b  will  exert  an  increased  power  on  the 
weight  in  the  pan  of  the  short  arm  a,  and  in  direct  proportion  to  the  length 
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Fig.  34.— Alligation  XL 

of  the  arms.  Thus,  in  Fig.  34  the  long  arm  6-c  (6  inches)  is  3  times 
longer  than  the  short  arm  a-c  (2  inches) ;  hence  1  pound  placed  on  pan  b 
will  balance  3  pounds  placed  on  pan  a,  or  2  pounds  in  pan  b  will  balance 
6  pounds  in  pan  a.  Compare  this  to  the  following  opium  alligation.  We 
have  10  and  18  per  cent,  opiums  and  desire  to  mix  them  so  as  to  make 
12  per  cent.     This  is  solved  as  follows: 


12—10  =  2 


12  =-6 


And  we  see  that  6  pounds  of  10  per  cent,  and  2  pounds  of  18  per  cent,  give  8 
pounds  of  12  per  cent. 
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Likewise,  assuming  our  beam  has  different  dimensions,  as  follows: 
A,  9  inches;  B,  14  inches;  C,  12  inches.  The  beam  will  then  be  14  —  9, 
or  5  inches  long,  and  c  being  12  —  9,  or  3  inches  from  a,  and  14  —  12, 
or  2  inches,  from  6,  then  the  weight  of  3  pounds  placed  on  pan  b  (14 
inches)  will  be  balanced  by  2  poimds  placed  on  pan  a  (9  inches). 


^=^ 


Fig.  35.— AlUgation  III. 

Compare  this  to  the  following  aUigation: 

We  have  9  and  14  per  cent,  opiums  and  want  to  make  12  per  cent. 
This  we  solve  below: 


12  —  0-3 


14  —  12 


And  we  see  that  2  pounds  9  per  cent,  and  3  pounds  14  per  cent,  give  5  pounds 
12  per  cent. 

Thus,  can  every  problem  in  alligation  be  solved,  and  when  we  draw  our 
line,  with  the  percentage  wanted,  above,  and  the  percentages  we  have, 
below,  like  this — 

12 


9 


14 


we  are  unconsciously  comparing  the  matter  to  a  single  beam  balance. 
A  purely  arithmetic  solution  of  alligation  is  the  following  tiresome  but 
lucid  process. 

Suppose  we  take  the  problem  given  above:  How  much  10  and  18  per 
cent,  opiums  are  needed  to  make  12  per  cent.? 

10  per  cent,  opinum  means  10  parts  morphine  to  100  parts  opium. 

18      "  "  "       18    "       "  100      " 

12      "  "  "      12     "       "  100      "        " 

These  figures  are  exactly  analogous  to: 


10  apples  in  a  basket 
18       " 
12       " 


and  as  if  the  question  were.  How  many  baskets  of  10  apples  each  and 
18  apples  each  must  be  taken  to  arrange  baskets  containing  12  apples 
each?    Let  us  do  the  actual  rearranging: 


I 
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One  basket  of  18  apples.  This  gives  us  one  basket  of  12  apples  (No.  1)  and  6 
apples  over.  These  6  and  6  from  a  basket  of  10  apples,  which  we  bring  here,  will 
make  another  basket  of  12  apples  (No.  II).  Six  apples  from  10  leaves  4  apples 
in  our  basket  h  and,  bringing  up  basket  c  (10  apples)  we  take  out  8,  making  basket 
No.  Ill  contain  12  apples.  This  leaves  2  apples  in  basket  c,  which,  plus  10  apples 
from  basket  d  makes  12  apples  to  put  into  basket  IV,  and  the  trick  is  done. 

The  conclusion  is  that  1  basket  of  18  apples  and  3  baskets  of  10 
apples  each  give  4  baskets  of  12  apples  each;  the  same  result  as  the  similar 
alligation,  which  showed  that — 


6  pounds  of  10  per  cent,  (or  3  pounds  of  10  per  cent.), 
and  2  pounds  of  18      "  (or  2  pound  of  18  per  cent.), 

give  8  pounds  of  12      **  (or  4  pounds  of  12  per  cent). 


For  the  benefit  of  those  knowing  algebra  the  following  algebraic  solu- 
tion of  these  kind  of  problems  is  given: 


Let  X  represent  quantity  of  the  lowest  percentage  used. 
Let  y        "  "  "      highest  percentage  used. 

Let  z        "  "  "      percentage  desir^. 


Then  the  problem,  How  much  10  and  18  per  cent,  opiums  are  needed 
to  make  12  per  cent.?  is  solved  as  follows: 

10  X  4-  18  y  =  12  2.    2  =  X  +  y. 
10  a;  +  18  2/  =  12  a;  +  12  y. 
18  y  -  12  y  «=  12  X  -  10  x. 
6y=    2x.    aj«3j/. 

Then,  if  x  +  y  =  4  pounds,  and  x^Sy,  3y+y"»4  pounds,  or  4  y  «*  4  pounds 

X  —  Z  y,    y  =  1  pound,     x  «  3  pounds. 
Hence,  3  pounds  lO  per  cent. 

and  1  pound    18  per  cent. 

give  4  pounds  12  per  cent. 

If  the  problem  involves  three  different  percentages,  say,  7  per  cent., 
16  per  cent.,  and  18  per  cent.,  out  of  which  to  make  another  percentage, 
say,  14  per  cent.,  the  calculation  is  accomplished  by  means  of  the  me- 
chanic "rule  of  the  balance''  explained  above,  viz.. 


18  —  14 


14  —  7 
14—7 


That  is:  6  ounces  of    7  per  cent,  opium. 
7        *'  16 


14 


U 


7        ''         18 
make  20  ounces  of  14  per  cent,  opium. 
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And  if  the  problem  was,  to  make  14  per  cent,  opium  from  5  per  cent.» 
15  per  cent.,  16  per  cent.,  and  18  per  cent,  opium,  the  calculation  would 
be  asfoUows: 

14  ~    5  =  9.  This  goes  under  15  per  cent.,  16  per  cent.,  and  18  per  cent. 

15  —  14  a=  1.  This  goes  under  5  per  cent. 

16  —  14  =  2.  This  goes  under  5  per  cent. 
18  —  14  =  4.  This  goes  under  5  per  cent. 

14  per  cent. 

5  per  cent.  15  per  cent.  16  per  cent.         18  per  cent. 

19  9  9 

2 

4  _ 

7  9  9  9 

That  is:  7  ounces  of    5  per  cent,  opium. 
9       "  15        ** 

9      "  16         •* 

9      "  18        " 

make  34  ounces  of  14  per  cent. 

In  explanation  of  the  fact  that  in  the  examples  furnished  above  we 
find  two,  and  in  the  other  case  three,  separate  quantities  of  lower  per- 
oentage  which  must  be  added  to  the  stronger,  let  it  be  said  that  the  ex- 
ample can  be  considered  as  three  separate  examples  or  problems,  vis. : 

(A)  How  much  5  per  cent,  and  15  per  cent,  needed  to  make  14  per  cent.  ? 
Aniswer  by  simple  calculation:  1  ounce  of  5  per  cent,  and  9  ounces  of 

15  per  cent. 

(B)  How  much  5  per  cent,  and  16  per  cent,  needed  to  make  14  per  cent .  ? 
Answered  by  simple  calculation:  2  ounces  of  5  per  cent,  and  9  ounces 

of  16  per  cent. 

(C)  How  much  5  per  cent,  and  18  per  cent,  needed  to  make  14  per  cent.  ? 
Answered  by  simple  calculation:  4  ounces  of  5  per  cent,  and  9  ounces 

of  18  per  cent. 

We,  therefore,  have  three  separate  batches  of  14  per  cent,  opium,  all 
made  from  5  per  cent.,  but  with  higher  percentage  differing  in  every  case. 
If  we  took  these  three  separate  mixings  and  thoroughly  blended  same, 
we  would,  of  necessity,  have  14  per  cent,  opium,  and  this  14  per  cent, 
opium  would  originally  have  been  made  up  of — 1  ounce  5  per  cent.  +9 
ounces  15  per  cent.  +2  ounces  5  per  cent.  +9  ounces  16  per  cent.  +4 
ounces  5  per  cent.  +9  ounces  18  per  cent.;  in  all,  7  ounces  6  per  cent., 
9  ounces  15  per  cent.,  9  ounces  16  per  cent.,  and  9  oimces  18  per  cent., 
which  we  notice  is  the  answer  to  the  example  as  originally  given. 

The  same  method  of  calculation  for  alligation  can  be  applied  to  specific 
gravity  examples,  such  as:  How  much  glycerin,  specific  gravity  1.25,  and 
alcohol,  specific  gravity,  0.820,  must  be  mixed  to  make  a  liquid  of  specific 
gravity  1.000?  which  is  solved  as  follows: 

1.00  ,     ,, 


1.25 

0.82 

Ul,    I 

ilCXVJI^aLFIjr, 

126>-100»25 

,100^ 

100  —  82^^ 

125 

-«-.. 82 

18^=^"^ 

^^""^^as 

Answer:  18  ounces  glycerin 
and  25  ounces  alcohol 

t 

make  43  ounces  of  liquid,  sp.  gr.  1.00. 
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This  example  and  also  the  percentage  examples  can  be  proved  by  the 
following  reasonings: 

18  fluidounces  glycerin  sp.  gr.  1.25  =  18  X  454.6  X  1.25  =  10228.6  grains. 
25  fluidounces  alcohol  sp.  gr.  0.82  «  25  X  454.6  X  0.82  =    9319.3  grains. 

43  fluidounces  of  liquid  weigh  19547.8  grains. 

43  fluidounces  of  water  weigh  43  X  454.6  =  19547.8  grains. 

Hence  the  mixture  has  about  the  same  specific  gravity  as  water,  since 
43  fluidounces  of  it  weigh  the  same  as  43  fluidounces  of  water. 
The  same  method  is  used  to  solve  such  examples  as: 
What  will  be  the  specific  gravity  of  a  mixture  of  5  fluidounces  of  solu- 
tion of  t^rsulphate  of  iron,  specific  gravity  1.555,  and  3  fluidounces  water? 
The  figuring  being  as  follows: 

5  fluidounces  of  sol.  tersulph,  iron  =  5  X  454.6   X  1.555  =  3534.5  grains. 
3  fluidounces  of  water  =  3  X  454.6  X  1.000  «  1363.8  grains 

8  fluidounces  of  liquid  weigh  4898.3  grains. 

8  fluidounces  of  water  weigh  8  X  454.6  »  3636.8. 

Hence  the  liquid  weighs  ^^^^-^eses  ^  much  as  water  and  has  the 
specific  gravity  1.346. 

While  speaking  of  such  examples,  reference  should  be  made  to  the 
simple  example  involving  percentage  solutions,  such  as:  How  much 
cocaine  is  needed  for  one  fluidounce  of  a  5  per  cent,  solution? 

The  absolutely  accurate  way  of  solving  this  is  as  follows: 

Weightjuidounc^  water  J  ^  ^  gg  ^  22.73  grains, 

which  represents  the  number  of  grains  cocaine  (hydrochloride  presum- 
ably) needed  to  make  the  solution. 

In  this  case,  however,  in  order  to  obtain  accurate  results,  the  22.73 
grains  cocaine  hydrochloride,  must  be  weighed  out,  dissolved  in  water, 
and  finished  by  bringing  the  finished  solution  up  to  454.6  grains  by  weight, 
which,  of  course,  will  measure  slightly  less  than  one  fluidounce. 

Another  and  less  accurate  method,  very  largely  employed,  is  by  taking 
5  per  cent,  of  480  minims,  or  24  grains,  dissolving  this  in  water  to  make 
a  fluidounce.  This,  while  by  no  means  as  accurate  as  the  former  process, 
is  more  convenient,  and  can  be  safely  employed  in  preparing  solutions 
in  small  percentages. 

A  simple  modification  of  alligation  is  that  of  percentages  outlined  in 
the  last  pharmacopoeia  under  alcohol,  where  a  rule  of  dilution  is  given. 
The  rule  is  practically  as  follows: 

If  we  have  a  95  per  cent,  alcohol  and  want  to  dilute  it  to  20  per  cent., 
we  must  then  take  20  fluidounces  of  the  95  per  cent,  and  add  enough 
water  to  make  95  fluidounces;  when  we  will  have  approximately  20  per 
cent,  alcohol. 

It  may  also  be  solved  by  the  regular  process  of  alligation  if  we  recast 
the  problem  to  the  following  wording:  How  much  95  per  cent,  alcohol 
and  0°  alcohol  (water)  needed  to  make  20  per  cent,  alcohol? 

Solved  by  **rule  of  the  balance.*' 


W  — 20-75 

20  — Oj-gp 

^"'^ 

^^'"^-^^t^^ 

--^"'"""^ 

05  5( 

"-^^--^          OJI 

200%.^^'^ 

^*^6oi. 
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This  shows  that  we  can  reduce  95  per  cent,  alcohol  to  20  per  cent, 
by  reversing  the  fluidounces  with  the  percentages.  That  is,  from  20 
fluidounces  of  95  per  cent,  alcohol  we  can  make  95  fluidounces  of  20 
per  cent.  But  suppose  the  question  is:  How  much^  20  per  cent,  alcohol 
could  be  made  from  5  fluidounces  95  per  cent.?  It  is  a  case  of  simple 
proportion. 

If  20  fluidounces  95  per  cent,  give  95  fluidounces  20  per  cent.,  5  fluid- 
ounces  95  per  cent.  (3^  of  20)  will  give  us  3<4  of  95  fluidounces  20  per 
cent.,  or  23^  fluidounces. 

Expressed  in  proportion: 

20  :5  ::95  :  X 
X    —  — K^ —  =  23Ji  fluidounces. 

It  is  important  that  this  be  understood.  The  rule,  by  the  way,  applies 
exactly  only  when  there  is  no  diminution  in  volume. 
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CHAPTER  IV 
HEAT 


Heat  is  that  form  of  molecular  motion  which  produces  the  physio- 
logic sensation  we  call  warmth,  this  molecular  motion  being  produced  by 
friction,  electricity,  light,  or  chemical  action.  In  order  to  obtain  a  clear 
understanding  of  heat,  a  comprehension  of  the  molecule  as  explained  on 
p.  345  is  essential.  Suffice  it  to  say  here  that  molecules  are  very  minute 
particles  of  matter,  and  these  molecules,  working  among  themselves,*  pro- 
duce friction.  That  friction  is  the  source  of  heat  is  well  known,  and  can 
be  demonstrated  by  such  simple  experiments  as  rubbing  one  surface  on 
another  when  both  become  hot.  This  is  shown  by  rubbing  the  finger 
rapidly  on  a  piece  of  wood,  when  the  sensation  of  warmth  is  transmitted 
to  the  body.  It  is  also  known  that  when  any  metalhc  body,  such  as  an 
axle,  rubs  rapidly  on  its  bearings,  if  the  axle  is  not  well  greased  to  prevent 
this  friction,  the  heat  produced  is  sufficient  to  set  fire  to  the  surrounding 
objects,  producing  the  condition  called  "hot  box."  Primitive  people, 
such  as  Indians,  becoming  adept  at  the  art,  were  able  to  kindle  fires  by 
rubbing  two  pieces  of  wood  together. 

In  each  case  we  have  a  striking  illustration  of  friction  as  a  source  of 
heat. 

Another  source  of  heat  is  electricity y  and  in  such  cases  the  friction  of 
the  molecules  of  the  non-conductor  produces  heat.  In  many  cases  the 
resistance  causes  the  substance  to  glow  or  become  incandescent.    Such 
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is  the  basis  of  the  incandescent  electric  light  in  which  the  electricity  is 
forced  through  a  filament  of  poorly  conducting  carbon,  the  molecides  of 
carbon,  in  resisting  the  electric  pressure,  being  heated  sufficiently  to  be- 
come incandescent. 

A  discussion  of  the  principles  of  electricity  is  beyond  the  scope  of 
this  work,  and  for  details  of  this  force  the  reader  is  referred  to  B,ny 
standard  text-book  of  physics. 

Suffice  it  here  to  state  that  electricity  is  a  molecular  condition, 
and  that  this  condition  is  transixutted  from  one  molecule  to  another 
with  more  or  less  rapidity,  dependent  on  the  character  of  the  substance 
influenced.  Matter  which  rapidly  transmits  the  electric  condition  from 
one  molecule  to  another  is  called  a  conductor  of  electricity,  while  matter 
the  molecides  of  which  do  not  transmit  the  condition  is  said  to  be  a  non- 
conductor or  a  poor  conductor. 

As  the  question  of  conduction  of  electricity  is  a  purely  relative  matter 
— ^all  bodies  transmitting  the  condition  to  an  extent  more  or  less  great — 
the  terms  above  mentioned  are  gradually  becoming  obsolete,  and  the 
words  "conductivity"  and  "resistance"  being  substituted  to  cover  the 
respective  meanings.  When  we  talk  of  "the  electric  current"  passing 
through  a  wire,  we  mean  that  the  electric  condition  affecting  the  end 
molecule  of  the  wire  is  rapidly  transmitted  to  the  adjoining  molecule,  and 
thence  from  one  molecule  to  another,  the  whole  length  of  the  wire.  This 
being  clearly  understood,  we  can  use  the  simpler  term,  "passage  of  the 
electric  current,"  in  the  following  explanations. 

Electricity  passes  rapidly  from  molecule  to  molecule  through  a 
conductor;  but  if  compelled  to  run  through  a  non-conducting  substance, 
it  requires  a  current  of  high  potential,  of  great  force,  to  overcome  the 
resistance  of  this  body. 

Light  also  affords  a  minute  amount  of  heat.  Heat,  light,  and  elec- 
tricity are  so-called  physical  forces  affecting  molecules,  and  are,  under 
certain  circumstances,  convertible  one  into  another. 

We  have  just  seen  that  electricity  is  converted  into  heat;  inversely, 
heat  can  be  converted  into  electricity. 

By  applying  heat  to  two  metal  plates  in  close  contact  with  each 
other,  an  electric  cUrrent  is  formed  in  the  apparatus  known  as  the  "  p3nro- 
electric  battery."  Hence  it  is  not  strange  that  light  can  be  converted  into 
heat,  although  the  amount  produced  is  very  minute  and  very  difficult  to 
measure,  inasmuch  as  almost  invariably  all  sources  of  light  are  also 
sources  of  heat,  and,  therefore,  it  is  very  difficult  to  isolate  light  from  its 
accompanying  heat. 

Chemical  action  is  the  chief  source  of  heat.  This  phenomenon,  wl^ch 
is  fully  described  on  p.  347  means  a  breaking  up  of  the  molecules  of  a 
substance,  with  the  formation  of  new  molecules.  This  decomposition  is 
accompanied  with  considerable  movement  of  the  molecules  and  their 
constituent  atoms,  thus  producing  a  form  of  friction  and,  therefore,  pro- 
ducing heat. 

Combustion. — Most  chemicals  reacting  on  one  another  produce  heat, 
although  in  some  cases  the  reverse  is  true.  As  an  illustration  of  heat 
produced  by  chemical  action,  iron  combined  with  iodine  in  a  test-tube  in 
the  presence  of  water  will  so  heat  the  test-tube  as  to  render  it  difficult  to 
hold  same  in  the  hand.  Likewise,  sulphuric  acid  combined  with  solution 
of  soda  produces  great  heat,  and  numberless  other  illustrations  could 
be  given.  The  production  of  heat  by  such  chemical  action  is  different 
from  the  chemical  action  in  the  burning  of  wood.    The  invariable  accom- 


HEAT  67 

.niment  of  the  latter  being  flame,  such  form  of  chemical  action  is  called 
^  ^nhustian;  that  is,  chemical  action  accompanied  by  heat  and  light.  We 
^i-».ow  that  wood  is  composed  of  hydrogen,  oxygen,  and  carbon;  that  the 
avr  around  us  contains  oxygen,  and  that  by  applying  a  flame  to  the  wood 
timere  is  commenced  a  chemical  reaction  which  results  in  the  formation, 
{rem  the  carbon  hydrogen  and  oxygen  that  is  present,  of  carbon  dioxide 
iS^Ot)  and  of  water  (H2O). 

In  this  chemical  reaction,  as  in  the  formation  of  ferrous  iodide,  heat  is 
produced,  and  of  much  greater  intensity.  So  great  is  the  heat  that  some 
of  the  carbon,  which  in  the  hurry  of  the  reaction  escapes  combination  with 
the  oxygen,  glows  with  heat,  just  as  does  the  carbon  filament  in  the  incan- 
descent Ught.  To  prove  the  presence  of  incandescent  carbon  hold  a  plate 
over  any  luminous  flame,  when  it  will  become  blackened  with  soot,  which 
is  pure  carbon.  Whenever  the  combustion — as  this  reaction,  in  which  the 
carbon  and  hydrogen  of  a  substance  combine  with  the  oxygen  of  the  air, 
is  called — ^is  accompanied  by  unchanged  carbon  glowing  with  heat,  a  flame 
is  produced. 

Any  substance  with  which  we  can  perform  a  combustion  is  called  fuel. 
Such  matter  is  very  abundant,  and  is  found  in  all  three  states  of  aggre- 
gation— solids,  liquids,  and  gases. 

Solid  Fuels, — The  sohd  fuels  are  wood,  coal,  and  charcoal.  Wood 
contains  hydrogen  and  oxygen  besides  carbon,  whereas  coal  and  charcoal 
consist  very  largely  of  carbon.  In  the  case  of  each  fuel  the  chemical 
action  involved  is  the  combination  of  the  carbon  with  the  oxygen  of  the 
air,  forming  carbon  monoxide  and  carbon  dioxide,  with  more  or  less  par- 
ticles of  imconsumed  carbon,  called  soot. 

In  burning  solid  fuels  the  apparatus  designed  to  contain  same  is 
called  stove  or  fiurnace,  and  consists  fundamentally  of  the  fire-box  in 
which  the  fud  is  held,  the  chimney  or  flues  for  removal  of  the  gaseous 
products  of  combustion,  and  damper  or  vents  for  the  admission  of  air 
necessary  to  produce  the  action.  Provision  is  made,  by  means  of  grating, 
for  the  removal  and  storage  of  ashes,  which  constitute  the  inorganic  salts 
present  in  wood  or  coal. 

In  order  to  produce  successful  combustion  the  oxygen  of  the  air  is 
abfiolutely  necessary,  hence  if  a  fiurnace  or  stove  is  not  supplied  with 
sufficient  air,  the  fire  within  the  box  will  be  "smothered"  or  "go  out." 
This  explains  the  method  of  smothering  a  fire  by  surrounding  the  burning 
substance  with  blankets,  thus  preventing  access  of  air.  In  order  to  pro- 
duce good  combustion,  a  comparatively  good  draft  of  air  must  be  had,  the 
intensity  of  the  draft  being  regulated  by  the  opening  or  closing  of  the 
vents  or  dampers,  and  in  large  furnaces  by  the  relative  height  of  the 
chimney  or  smokestack. 

For  the  practical  appUcation  of  combustion  of  solid  fuels  the  reader  is 
referred  to  any  kitchen-range  or  house-furnace. 

The  liquids  used  as  fuek  are  alcohol  and  petrolemn  products  (gaso- 
line and  insurance  oil,  etc.).  In  using  liquids  as  fuel  there  are  two 
methods  employed: 

If  the  liquid  is  not  very  volatile,  such  as  insurance  oil,  astral  oil, 
etc.,  the  liquid  is  sucked  up  through  a  wick  by  capillary  attraction, 
and  burned  as  a  liquid  off  the  top  of  the  wick.  Such  a  method  is  also  em- 
ployed in  the  burning  of  the  volatile  liquid  alcohol  in  the  ordinary  alcohol 
lamp  (Fig.  36). 

In  cases  where  the  liquid  is  quite  volatile  (as  gasoUne),  the  apparatus 
used  for  the  piurpose  is  so  arranged  that  the  liquid  is  first  converted  into 
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vapor  and  this  vapor  burned.  Such  is  the  principle  of  the  vapor  stove 
(Fig.  37),  which  possesses  a  great  advantage  over  the  wick  stoves  by 
having  the  vapor  burned  mixed  with  air,  as  in  the  Bunsen  burner,  thus 
preventing  a  sooty  flame.  Alcohol  is  also  burned  in  the  form  of  vapor  in 
the  Bo-called  "Russian  blast  lamp,"  which  produces  an  intensely  hot 
fiame  (Fig.  38). 

Gaseous  Fuels. — The  gases  used  to  produce  heat  are  coal^as,  acety- 
lene, and  natural  gas,  the  first  two  being  manufactured,  while  the  latter 
is  obtained  in  certain  sections  of  the  world  by  simply  sinking  iron  tubes, 
through  which  the  gas  escapes  from  pockets  under  the  earth's  surface. 

As  to  the  manufacture  of  artificial  gas,  coal-gas  is  made  by  the  destruc- 
tive distillation  of  coal;  details  of  the  manufacture  can  be  found  in  any 
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Fi(.  38. — Spirit-Ump.  Fig.  37. — Vapor  rtore  •nd  burner. 

advanced  work  on  technical  chemistry.  Acetylene  is  produced  by  the 
action  of  water  on  calcium  carbide. 

Chemically,  these  fuel  gases  resemble  one  another,  all  being  combina- 
tions of  carbon,  which  furnishes  the  heat  and  Ught  when  consumed  in  the 
presence  of  air  in  the  operation  of  combustion  in  different  forms  of 
of  burners,  according  as  the  intention  is  to  produce  a  luminous  or  a  non- 
luminous  fiame,  the  latter  being  used  for  heating  purposes. 

A  luminous  fiame  is  produced  in  the  so-called  "fish-tail"  burner,  in 
which  the  gas,  as  it  comes  in  contact  with  the  air,  is  ignited  by  a  match  or 
other  fiame,  burning  to  carbon  dioxide  and  water  with  incomplete  com- 
bustion; that  is,  in  the  reaction  all  the  carbon  is  not  consumed,  and  the 
tmconsumed  carbon,  through  the  influence  of  the  intense  heat  generated 
by  the  chemical  reaction,  glows  with  heat,  or,  technicallj  expressed, 
becomes  "incandescent."  Another  example  of  incandescence  is  the 
briUiant  light  produced  when  metallic  magnesium  is  burned  (p.  460). 

Why  can  some  part  of  the  carbon  escape  chemical  combustion? 

Bear  in  mind  that  the  combination  is  with  the  oxygen  of  the  air;  that 


the  gas  evolving  from  a  fish-tail  burner  forms  a  mass  of  some  thickness. 
The  oxygen  of  the  air  can  combine  only  with  the  outer  surface  of  this 
mass,  leaving  the  inside  of  the  flame  untouched;  just  as  a  tightly  closed 
book,  when  immersed  in  water,  will  be  soaking  wet  on  the  outside  and 
comparatively  dry  inside.  That  gas  inside  the  flame  has  not  enough 
oxygen  to  convert  all  the  carbon  into  carbonic  oxide,  and  the  result  is 
that  much  of  the  carbon  remains  unchanged,  glowing  with  the  heat  of  the 
ardent  reaction,  and  depositing  as  soot  when  it  passes  from  the  flame. 
The  fish-tail  flame  (Fig.  39)  may  be  quaintly  Ukencd  to  a  chemical  factory. 


Tig.  38.— Ruadsn  aliohol  hlut  lamp  Fi(.  39.— Fub-tail  aima. 

Zone  a  is  the  reception  room,  when  the  crude  material  that  is  to  be 
worked  up — the  gas  from  the  mains — comes  in;  zone  b  is  the  workshop 
where  the  chemical  reaction  is  carried  on  with  the  utmost  vigor — where 
the  hydrocarbon  of  which  the  gas  Is  composed  is  broken  into  carbon  and 
hydrogen,  and  these  in  turn  combine  with  the  oxygen  of  the  air  to  form 
carbon  dioxide  and  water;  while  zone  c  is  the  shipping-room,  whence  the 
finished  products  just  mentioned  are  sent  away.  Since  the  soot  is  dirty 
and  inconvenient  in  cooking,  efforts  were  made 
to  so  construct  a  burner  that  the  gas  would 
have  contact  with  the  air  (or  its  oxygen,  for 
air  is  composed  of  nitrogen,  oxygen,  and  some 
carbon  dioxide),  in  parts  other  than  the  outer 
surface,  and  this  is  done  by  mixing  the  gas  with 
air  before  burning  it  in  the  Bunsen  burner. 
Aside  from  the  great  advantage  of  freedom 
from  soot,  the  flame  of  the  Bunsen  burner  is 
superior  to  the  ordinaiy  flame  by  reason  of  its 
greater  heat.  In  it  all  the  carbon  of  th«  gas 
becomes  combined  with  the  oxygen  of  the  air, 
and  it  is  self-evident  the  more  chemical  reac- 
tion occurs  in  a  certain  space  (as  in  the  mass 
of  gas  issuing  from  a  burner),  the  greater  will  be  the  heat  produced, 

With  this  purpose  in  view  the  Bunsen  burner  is  constructed  with 
a  few  modiflcations,  according  to  the  purpose  adapted.  In  its  simplest 
form  it  consists  of  an  upright  metallic  tube  with  orifices  at  the  bottom, 
and  as  the  gas  rushes  upward  through  the  tube,  it  mixes  with  air  that 
enters  through  the  bottom  orifices,  and  when  emerging  from  the  top 
of  the  tube  and  ignited,  it  contains  sufficient  air  thoroughly  to  combine 
with  all  the  carbon,  thus  producing  carbon  dioxide  and  water,  and  no  un- 
consumed  carbon  or  soot.  Such  a  burner  (shown  in  Fig.  40)  gives  a  flame 
in  which  three  zones  can  be  noted  on  close  scrutiny.  The  top  of  zone  "a" 
IB  called  the  reducing  flame,  while  the  top  of  zone  "b"  is  the  oxidizing 


Since  the  soot  is  dirtj 
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flame.  This  long-accepted  view  of  the  gas  flame  has  lately  been  sub- 
mitted to  criticism,  it  having  been  shown  that  in  zone  "a"  all  of  the  car- 
bon has  been  changed  to  carbon  monoxide,  and  that  the  changing  of  the 
flame  from  a  liuninous  to  a  non-luminous  one  can  be  accomplished  as  well 
with  carbon  dioxide,  steam  or  even  nitrogen. 

In  using  such  a  Bunsen  burner  the  flame  sometimes  "strikes  back," 
that  is,  the  gas  which  is  ignit«d  at  the  top  of  the  tube  finally  catches 
fire  at  the  t^ttom  of  the  tube,  where  the  immixed  gas  emerges,  thus 


producing  a  sooty  flame,  and  at  the  same  time  heating  the  brass  tube, 
sometimes  to  a  dangerous  extent.  Such  a  striking  back  can  be  avoided 
only  by  having  a  good  current  of  gas  turned  on.  It  can  usually  be 
detected  from  a  distance  by  the  peculiar  odor  of  acetylene  generated  in 
this  incomplete  combustion. 

The  Scunatco  burner  is  an  improved  form  of  Bunsen  burner  in  which 
according  to  the  inventor  a  maximum  quantity  of  gas  is  produced  in  a 
minimum  volume  of  flame;  the  result  is  a  very  hot  flame  of  uniform  tem- 
perature throughout  (Fig.  42j. 

For  the  purpose  of  more  extended  heating,  larger  varieties  of  the  so- 
called  gas-stove  are  obtainable,  the  most  practical  of  which,  from  the 
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pharmamt's  Btandpoint,  being  the  Fletcher  radial  burner  shown  in 
Fig.  13,  in  which  the  gas  is  mixed  with  the  air  in  a  horizontal  tube,  and 
emerges  through  radiating  slits  cut  into  a  central  dome,  tbua  making  a 
flat,  dean,  and  intensely  hot  flame. 

In  the  old-fashioned  form  of  gas-stove  the  flame  used  was  a  luminous 
one,     aud    the    blackening     of    the 
utensils  through   soot   was    avoided 
by  placing  between  the  utensil  and 
the  flame  a  wire  gauze. 

The  advantage  a  Bunsen  burner 
possesses  over  the  ordinary  flah-tail 
burner  is  due  to  the  fact  that  the  gas 
before  ignition  is  mixed  with  suffi- 
cient air  to  produce  a  complete  com- 
bustion, and  this  is  of  benefit — first, 
in  producing  a  smokeless  flame,  and, 
second,  in  giving  a  more  intense  heat 
than  is  produced  by  the  same  gas 
when  burned  in  a  fish-tail  burner. 

That  more  beat  is  produced  is  self- 
evident  when  we  consider  that  the 
heat  generated  is  in  direct  propor- 
tion to  the  amount  of  the  chemical 
reaction,  and  since  in  the  fish-tail 
burner  all  the  carbon  is  not  consumed, 

there  is,  therefore,  in  sueh  a   flame  n..42.-Th.3..m.icobux«r. 

less  beat  to  a  given  area  than  will  be  produced  in  the  same  area  of  a 
Bunsen  burner. 

Surface  Combastion. — Mixtures  of  gas  and  air  in  proper  proportions 
brought  into  contact  with  heated  porous  material  will  bum  with  intense 
heat  without  giving  much  flame.  Ovens  of  this  kind  are  now  being 
constructed. 


ns.  48. — Flttohnr'a  ndial  borner 

BLOT-ITPES 


The  principle  of  the  blow-pipes  is  merely  an  extension  of  the  principle 
of  the  Bunsen  burner.  With  tne  blow-pipe,  the  air  expelled  from  the 
lungs  is  blown  through  the  tube  upon  the  flame,  this  insuring  a  complete 
combustion  of  the  gas.     Hie  blow-pipe  produces  more  heat  than  the 
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Bunsen  burner,  for  the  reason  that  in  blowing  air  into  the  flame  the 
flame  is  rendered  much  sharper  and  narrower  than  in  a  Bunsen  burner, 
and  in  this  way  heat  produced  by  chemical  action  is  concentrated  to  a 
more  Umited  area;  hence  by  this  instrument  we  are  able  to  make  a  very 
intense  heat,  albeit  in  a  very  narrow  area. 

The  blow-pipe  consists  of  a  bent  and  tapering  brass  tube  ending  in  a 
very  minute  orifice,  the  larger  end  connecting  with  an  appropriate  mouth- 


Fig.  44. — Blow-pipee. 

piece  which  is  pressed  firmly  against  the  lips  when  the  air  is  energetically 
blown  from  the  lungs  through  the  pipe  into  the  flame.  In  the  cheaper 
forms  of  such  blow-pipe,  where  no  mouth-piece  is  provided,  the  larger  end 
should  be  fitted  with  a  piece  of  rubber  tubing  to  prevent  the  lips  coming  in 
contact  with  the  brass,  which  causes  irritation.  The  continuous  blowing 
of  air  through  the  blow-pipe  is  merely  a  matter  of  practice,  the  expert 

being  able  to  inhale  through  his  nose  at 
the  same  time  that  he  forces  the  air 
from  his  lungs  through  his  mouth  into 
the  blow-pipe,  and  this  must  be  done  if 
a  continuous  flame  is  desired  (Fig.  44). 

The  blow-pipe  is  used  entirely  for 
minute  operations,  such  as  small  chem- 
ical work,  or  for  insignificant  cases  of 
soldering  in  the  jewelry  business.  For 
large  operations  in  which  a  concentrated 
flame  of  high  intensity  is  desired  the 
blast  lamp  (Fig.  45)  is  used,  and  this  is 
merely  a  modification  of  the  blow-pipe 
in  that  the  air  is  furnished  by  means  of 
the  bellows  rather  than  by  the  lungs,  and  thus  the  instrument  can  be 
made  larger. 

In  such  a  blast  lamp  a  rather  large  flame  of  great  intensity  (1700°C.) 
can  be  easily  attained,  with  the  sole  physical  outlay  of  operating  the 
bellows  with  the  foot  When  a  very  intense  flame  is  desired,  the  same 
blast  can  be  applied,  but  instead  of  illuminating  gas,  hydrogen  is  pumped 
in,  and  instead  of  air,  oxygen  is  supplied.  This  forms  the  oxyhydrogen 
blast  lamp,  and  with  this  instrument  a  heat  sufficient  to  melt  platinum 
(about  2()00**C.)  can  be  attained. 


Fig.  45. — Blast  lamp. 
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Electricity  is  ako  used  for  the  production  of  heat,  and  in  future  will 
play  a  more  important  r61e  in  our  domestic  economy.  Even  now  electric 
stoves  are  used  for  warming  purposes,  while  the  greatest  artificial  heat 
is  derived  by  the  use  of  the  Moissan  electric  furnace. 

An  interesting  method  of  production  of  heat  without  flame  is  shown  in 
the  use  of  thermite.     (See  p.  490.) 

The  following  table  of  relative  temperatures  of  the  commonly  used 
heating  appliances  may  be  of  interest. 

Biinsen  burner  (Fig.  40) : 

Lower  part  of  zone  "a" 300®  to    600°C. 

Zone  "6" 1540**  to  ISOO'^C. 

Mdker  burner 1640*  to  1675^0. 

Fuel  combustion  maximum 2000®C. 

Oxyhydrogen  blow-pipe 2200**C. 

Electric  arc,  common  electric  furnace 2000**  to  3600®C. 

Moissan  electric  furnace 4000®C. 

Oxy-acetylene  flame 6000**C. 

BATHS 

Baths  in  pharmacy  are  devised  for  uniform  distribution  or  for  the 
limitation  of  heat.  Thus  the  heat  of  a  Bunsen  burner,  while  very  satis- 
factory, is  apt  to  be  more  intense  on  one  portion  of  the  utensil  being 
heated  than  on  another,  and  to  this  cause  is  due  most  of  the  fractures 
on  heating  glass  and  porcelain  utensils. 

It  is  a  dictum  that,  in  heating  substances  in  porcelain  or  glass  utensils, 
the  direct  heat  of  a  Bunsen  burner  should  never  be  applied,  but  the  flame 
should  be  uniformly  distributed  in  the  several  ways  at  our  disposal.  The 
simplest  form  for  the  uniform  distribution  of  heat  is  a  sheet  of  asbestos 
or  of  tin,  by  which  the  cylindric  flame  of  the  Bimsen  burner  is  spread 
out  to  the  entire  surface  of  the  interposing  medium,  and  a  uniform  heat  is 
in  turn  transmitted  from  it  to  the  container  above. 

Wire  Gauze. — Far  more  convenient  than  these,  however,  is  a  piece 
of  gauze  of  iron  or  copper  wire.  Through  such  gauze  the  heat  more 
readily  penetrates  than  through  asbestos,  and  at  the  same  time  the  heat 
is  as  uniformly  distributed  by  reason  of  the  fact  that  the  wire  of  which 
the  gauze  is  constructed  is  an  admirable  conductor  of  heat,  and  the  mo- 
ment the  flame  comes  in  contact  with  the  gauze,  each  of  its  many  filaments 
aid  in  drawing  the  heat  to  every  portion  of  the  gauze.  This  has  the  effect 
of  chilling  the  flame  itself,  hence  such  flame  cannot  pass  through  a  wire 
gauze  until  the  gauze  has  become  heated  to  a  temperature  almost  equal 
to  the  flame. 

On  this  principle  is  based  the  construction  of  the  Davy's  safety  lamp 
for  use  in  mines,  the  use  of  which  is  of  no  pharmaceutic  importance. 

This  phenomenon  also  explains  why  smoke  cannot  penetrate  through 
such  gauze,  hence  the  value  of  gauze  in  the  old  form  of  gas-stove. 

Sand-baths. — ^A  sand-bath  consists  of  a  suitable  flat  dish  in  which  is 
put  a  sufficient  quantity  of  sand,  the  container  of  the  Uquid  to  be  evapor- 
ated is  placed  therein,  and  the  sand  is  piled  aroimd  so  as  to  completely 
surround  it.  Heat  by  means  of  the  Bunsen  burner  or  other  flame  is 
applied  under  the  dish,  and  is  gradually  uniformly  transmitted  to  all 
portions  of  the  heating  substance. 

In  this  form  of  bath  the  heat  is  limited  only  to  the  amount  produced 
by  the  burner,  the  sole  aim  being  to  distribute  the  heat  uniformly. 
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Liquid  Battis. — These  consist  of  a.  suitable  dish  contaiaing  the  Uquid 
which  is  to  be  heated,  the  heat  of  which  is  in  turn  transmitted  to  the  sub- 
stance which  it  is  desired  to  make  hot. 

The  liquids  used  for  this  purpose  are  oil,  glycerin,  salt  water,  and 
water. 

The  oil-fxak,  like  the  sand-bath,  uniformly  transmits  heat,  but  in 
addition  thereto  limits  the  amount  of  heat  by  reason  of  the  fact  that  when 
the  temperature  of  260°C.  is  attained,  the  oil  begins  to  biu-n;  that  is, 
undei^oes  decomposition,  with  the  formation  of  the  stifling  vapors  of 
acrolein,  which  serve  as  a  warning  to  the  operator  that  a  high  heat  has 
been  attained. 

Glycerin  hatha  act  on  the  same  principle  of  operation  as  the  oil-bath, 

and  are  limited  for  the  same  reason  to  250°C.     Both  forms  of  baths  are 

not  so  much  used  now,  by  reason  of  the  fact  that  they  do  not  really  limit 

heat,  and  their  method  of  warning  to  the  operator  is  too  disagreeable  to 

be  popul^. 

Toluene  and  xylene  bathe  have,  therefore,  been 
constructed.     (See  Fig.  46.) 

These  liquids,  boiling  at  llO'C.  and  l-WC. 
respectively,  are  placed  in  a  jacketed  vessel  pro- 
vided with  a  long  glass  tube,  which  acts  as  an 
upright  condenser,  causing  the  vapors  to  chill  to 
a  liquid  and  drop  back  into  the  container.  In 
applying  heat  to  such  a  bath  the  temperature 
rises  to  the  boiling-point  of  the  liquid,  and  the 
vapors,  being  condensed  and  returned  to  the  con- 
tainer, are  not  lost;  hence  in  such  a  bath  we  have 
not  only  the  limit  of  temperature,  but  also  a 
practically  perpetual  operation. 

A  sait-water  bath  is  based  on  the  same  principle 
as  the  water-bath,  save  that  it  consists  of  an 
aqueous  solution  of  some  salt  whereby  the  tem- 
perature of  the  boiling  liquid  is  raised. 

A  bath  made  of  s^t  water — saturated  solu- 

Pifr  te— Maya's  toiuciu     tiOH  of  sodlum  cMoride — was  formerly  consider- 

•»«-  ably  used  under  the  Latin    name,    "balneum 

maris."     Such  a  bath,  however,  possesses  the 

great  disadvantE^;e  of  losing  water  by  evaporation,  with  solidification 

of  the  remaining  saline  solution.     It  is,  therefore,  comparatively  little 

used. 

A  saturated  solution  of  sodium  chloride  boils  at  108.6°C. ;  of  potassium 
chloride  at  108.5''C.,  of  sodium  sulphate  at  102.8''C.;  of  potassium  sul- 
phate at  101.3°C. 

Water-baths. — In  these  the  hquid  to  be  used  is  water,  and  since 
water  boils  at  lOCC,  the  temperature  of  the  bath  never  rises  above 
that  point.  A  consideration  of  why  water  does  not  boil  over  lOO'F.  is 
left  for  a  subsequent  page,  and,  therefore,  attention  need  be  paid  only 
to  the  various  forms  of  water-bath  (Fig.  47). 

There  is  comparatively  Uttle  necessity  for  buying  expensive  appa- 
ratus for  use  as  a  water-bath.  Any  tin  pail  filled  with  water  in  which 
the  evaporating  dish  can  be  rested,  or  into  which  the  flask  can  be  sunk, 
can  be  used.  An  excellent  form  of  expensive  water-bath  is  a  continuous 
steam  apparatus  shown  in  appended  cut  (Fig.  48).  In  this  the  water 
trickles  from  faucet  into  the  well,  a,  the  excess  passing  into  the  drain  by 
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overflow  pipe  b.     A  lighted  Bunsen  burner  is  placed  beneath  the  welt, 
snd  the  amount  of  water  is  rapidly  converted  into,  steam. 

Steam  Bath. — The  steam  bath  differs  from  the  water-bath  inasmuch 
as  the  substance  to  be  heated  comes  in  contact  with  steam  rather  than 
with  boiling  water.  While  steam  possesses  the  same  temperature  as 
boiling  water  (100''C.).  it  has  a  much  lai^er  actual  quantity  of  heat,  as 
will  be  explained  under  the  subject  of  Latent  Heat  (p.  85). 

Suffice  it,  therefore,  to  say  that  while  in  the  steam  bath,  where  the 
steam  is  brought  into  contact  with  the  object  to  be  heated  at  the  ordinary 
atmospheric  pressure,  it  will  transmit  to  the  same  a  temperature  of 
IWC;  on  the  other  hand,  if  the  apparatus  is  so  arranged  as  to  bring 
steam  under  pressure  into  the  bath,  a  higher  degree  of  heat  can  be 
attained.  Thus,  under  the  normal  atmospheric  pressure,  14.7  pounds 
to  the  square  inch,  steam  has  a  temperature  of  lOCC,  while  if  steam 
is  forced  in  until  the  pressure  of  100  pounds  to  the  square  inch  is  ob- 
tained, said  steam  wUl  have  a  temperature  of  164°C.  Steam  of  any 
pressure  above  that  of  the  normal  atmosphere 
IS  said  to  be  superheated.  In  large  manu- 
facturing concerns  steam,  either  under 
normal  pressure  or  in  the  superheated  state, 
is  practically  the  only  form  of  heat  iised  for 
the  evaporation  of  delicate  materials,  as 
imder  such  conditions  there  is  little  danger 
of  decomposition  of  the  product. 


Fig.  47. — Copper  wmtar-bath.  K«.  *8. — Me, 

As  steam  baths  have  little  practical  application  in  retail  pharmacy,  a 
further  consideration  of  the  subject  is  omitted,  the  reader  being  referred 
to  some  text-book  on  advanced  physics  for  information  concerning  labora- 
tory steam  kettles  used  for  open  pressure,  and  steam  coils  in  which  the 
steam  can  be  heated  under  normal  pressure  or  in  superheated  condition. 
A  well-known  variety  of  steam  coii  is  the  steam  radiator,  so  largely  used 
in  heating  houses. 

The  advant^e  a  steam  coil  possesses  from  the  manufacturing  stand- 
point is  that  it  can  be  placed  directly  into  the  kettle  containing  the  sub- 
stance to  be  cooked,  and  thus  the  substance  can  be  directly  heated,  with 
practically  no  loss  by  radiation. 

VALUATION  OF  HEAT 

While  we  commonly  speak  of  a  thermometer  as  an  instrument  used 
to  measure  heat  and  cold,  this  definition  is  only  partly  true,  as  by  means 
of  the  thermometer  we  measure  the  intensity  of  the  heat,  but  not  the 
actual  quantity  produced.  Thus,  while  it  is  true  that  with  a  flame  pro- 
ducing a  temperature  of  500°C.  we  can  accomplish  more  heating  in  a 
given  time  than  we  can  with  a  flame  of  ISCC,  nevertheless,  if  we  use 
a  flame  of  150°C.  for  a  sufficient  length  of  time,  we  can  usually  accomplish 
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as  much  as  with  a  500°C.  flame  for  a  shorter  time,  although  there  are,  of 
course,  certain  operations  in  which  the  intensity  of  heat  is  essential  and 
a  lower  intensity  would  not  do,  even  though  apphed  for  a  proportionally 
longer  time. 

For  measuring  the  actual  quantity  of  heat — ^the  amount  of  work  done 
by  a  flame — ^the  unit  called  the  calorie  has  been  devised. 

A  calorie  represents  the  amount  of  heat  necessary  to  raise  one  gramme 
of  water  from  zero  to  one  degree  Centigrade,  and  will  be  spoken  of  more 
fully  in  the  discussion  of  latent  heat.  There  is  also  the  so-called  large 
calorie  which  equals  1000  "small"  calories. 


Thermometers  are  instruments  used  for  measuring  the  intensity  of 
heat,  but  not  the  quantity  thereof.  Most  of  these  instruments  are  based 
on  the  expansive  power  of  certain  liquids  and  gases.  It  is  characteristic 
of  a  large  number  of  varieties  of  matter  to  expand  with  a  rise  in  tempera- 
ture and,  indeed,  in  regular  proportion  to  the  increase  in  temperature. 
Thus,  an  iron  bar  when  heated  expands,  and  if  the  expansion  is  limited 
to  the  longitudinal  direction  by  encasing  the  bar  in  some  way  so  as  to 
prevent  excessive  lateral  expansion,  the  expanded  bar  can  be  made  to 
operate  on  a  lever  which  moves  a  needle  on  a  dial,  and  thus  represents 
the  intensity  of  heat,  or  the  temperature.  Such  is  the  simplest  form  of 
the  so-called  'pyrometer,  which  is  intended  to  indicate  temperatures  greater 
than  those  shown  by  the  ordinary  form  of  thermometer. 

To  obtain  an  accurate  thermometer  the  expanding  substance  should 
be  liquid  or  gaseous,  and  in  the  early  days  such  forms  were  devised,  the 
first  being  by  GaUleo,  who  took  a  glass  tube  filled  with  alcohol  and,  as 
the  heat  was  increased  and  the  liquid  expanded,  it  of  necessity  rose  in 
the  tube,  and  the  rise  could  be  measured,  and  in  this  way  the  rise  in  tem- 
perature was  crudely  estimated. 

Similar  rough  instruments  were  devised  from  time  to  time,  but  the 
first  step  in  the  scientific  direction  was  made  by  Fahrenheit  between 
1709  and  1724.  Fahrenheit's  first  improvement  was  to  use  mercury  in 
the  thermometer  instead  of  water  or  alcohol.  The  expansion  of  mercury 
is  very  delicate,  and  the  density  of  this  liquid  being  so  much  more  than 
water,  it  would  require  a  great  deal  less  of  same  than'of  water  or  alcohol; 
hence  in  the  Fahrenheit  thermometer  a  much  smaller  tube  was  necessary 
than  in  the  alcohol  thermometer. 

It  is  claimed  that  Ismail  Boullian  made  the  first  mercury  thermometer  in  1659,  but 
this  was  not  used  at  the  time  that  Fahrenheit  devised  his  thermometer. 

Fahrenheit  also  devised  the  first  acceptable  system  of  graduation,  and 
this  method,  somewhat  modified,  is  in  use  to  this  day.  In  graduating 
this  thermometer  Fahrenheit  set  about  to  find  absolute  zero,  and  finally 
decided  that  the  greatest  cold  possible  was  that  produced  by  a  mixture 
of  ice  and  salt.  He  prepared  such  a  mixture,  plunged  his  thermometer 
into  same,  and  marked  off  the  place  where  the  mercury  stood  at  this 
temperature,  and  denominated  this  point  zero. 

That  the  teinperature  of  ice  and  salt  is  the  greatest  cold  produced  has 
proved  false.  It  is  usual,  every  winter,  to  find  certain  sections  of  the 
world  where  the  temperature  falls  to  as  low  as  50°  or  60°  below  zero, 
while  by  chemical  means  the  temperature  of  —  271°C.  has  been  attained, 
and  experiments  of  physicists  seem  to  point  to  the  fact  that  absolute 
zero  is  -273°C^ 
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Fahrenheit,  however,  having  arranged  his  zero  to  his  own  satisfac- 
tion, next  turned  to  look  for  another  authoritative  standard,  and  for  this 
he  detennined  upon  the  temperature  of  the  blood.  He,  therefore,  placed 
his  thermometer  imder  his  arm,  noted  the  point  to  which  the  mercury 
rose,  marked  the  space,  and,  for  some  reason  not  explained,  denominated 
this  "24."  The  space  on  the  tube  between  zero  and  24  he  divided  into 
24  spaces  called  degrees,  and  his  later  experiments  showed  that  on  such 
a  thermometer  melting  ice  registered  8°. 

Such  a  thermometer  was  intended  for  practical  use,  but  it  was  soon 
found  that  the  range  of  24  between  his  zero  and  the  temperature  of  the 
blood  was  scarcely  sufficient  for  practical  purposes,  hence  he  devised  a 
thermometer  in  which  his  former  degrees  were  multipUed  by  four,  and 
on  such  thermometer  the  freezing-point  of  ice  was  32°,  and  the  tempera- 
ture of  the  blood  96°,  and  in  terms  of  these  degrees  the  boiling-point  of 
water  registered  212°. 

Fahrenheit's  thermometer,  while  a  step  in  the 
right  direction,  has  the  misfortune  of  being  based 
on  an  unscientific  standard,  as  ice  and  salt  do  not 
produce  the  lowest  known  temperature,  and,  more- 
over, do  not  always  represent  exactly  the  same  tem- 
perature experience  has  long  since  proved.  In  the 
same  way  the  statement  that  96°  is  the  temperature 
of  the  blood  is  not  absolutely  accurate,  inasmuch  as 
the  blood's  temperature  varies  according  to  the  con- 
dition of  the  person. 

The  graduation  adopted  by  Reaumur  in  1730 
was  a  decided  advance  over  the  Fahrenheit  system, 
inasmuch  as  Reaumur  took  for  zero  an  absolute 
standard  very  easily  determined  (the  melting-point 
of  ice),  and  chose  for  his  higher  standard  the  equally 
accurate  and  easy  unit  of  the  temperature  of  boiling 
water.  The  latter,  however,  he  denominated  80°, 
and  the  scale  was,  therefore,  much  improved  by 
Celsius  in  1740  in  devising  his  Centigrade  system, 
in  which  the  melting-point  of  ice  is  zero  and  the 
boiling-point  of  water  100°,  and  the  space  between 
was  accurately  divided  into  100  parts. 

A  comparison  of  the  thermometers  can  be  best 
shown  by  appended  sketch  (Fig.  49),  in  which  it  can  be  noted  that  while 
in  the  Fahrenheit  thermometer  the  space  between  the  freezing-point  and 
boiling-point  is  divided  into  180°  (212°-32°),  the  same  space  on  the 
Celsius  is  divided  into  100°.  Therefore,  we  can  sum  up  the  relative 
values  as  follows: 
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Fig.  49. — Comparison  of 
Fahrenheit  and  Centigrade 
thermometers. 


180**F.  =  100*^0. 
1.8^F.  «      l^'C. 


To  sum  up: 


Fahrenheit Melting-point,  32'* 

Centigrade "  0* 


Boiling-point,  212** 

100° 


It 


Diflference,  180" 
100° 


tt 


which  evolves  the  very  important  point  that  1°  Centigrade  equals  1.8° 
FahrenheiL 

If  both  Fahrenheit  and  Centigrade  had  the  same  zero,  or  starting- 
point,  the  conversion  of  one  into  the  other  would  be  very  simple,  as  it 
would  only  mean  multiplying  or  dividing  by  1.8,  but  where  zero  is  on 
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Celsius  (or  Centigrade)  scale,  32°  is  on  the  Fahrenheit,  and  this  32,  ac- 
cordingly, comes  in  as  a  factor  in  changing  one  kind  of  degree  into  the 
other.  — 

The  rules  of  conversion  can  be  abbreviated  thus: 

C.  into  F.:  X  1.8  and  +  32;  F.  into  C:  -  32  and  -^  1.8,  to  which 
might  be  added  for  temperatures  below  the  freezing-point,  C.  into  F. :  X  1.8 
and  -  32;  F.  into  C:  +32  and  -5-1.8. 

To  explain  this,  sketch  a  thermometer,  similar  to  that  pictured  above, 
with  Centigrade  markmgs  on  one  side  and  Fahrenheit  on  the  other,  begin- 
ning  with  a  line  marked  0  on  the  Centigrade  side  and  32  on  the 
Fa&enheit. 

Suppose  we  have  50*^C.  as  a  starter: 

50  X  1.8  =  90.0—90  Fahrenheit  degrees  but  not  degrees  Fahrenheit. 
It  means  90  Fahrenheit  degrees  above  the  melting-point  of  ice,  and  this 
point  is  32  Fahrenheit  degrees  above  the  Fahrenheit  zero.  To  get  the 
actual  degrees  Fahrenheit  in  50°C.  we  must  add  this  32  tO  the  90  already 
gotten,  when  we  find  that  122*'F.  =  SO^'C. 

We  wiU  try  the  reverse  problem:  How  many  degrees  Centigrade  in 
122**F.?  We  first  get  this  figure  on  the  same  basis  as  zero  Centigrade. 
This  we  do  by  subtracting  32  from  122,  thus  finding  how  many  Fahren- 
heit degrees  122**  is  above  the  melting-point  of  ice.  The  difference  be- 
tween 32  and  122  is  90,  and  this,  divided  by  1.8,  gives  us  50,  Therefore 
122°F.  equals  50°C. 

Below  the  melting-point  of  ice,  the  matter  is  a  little  more  difficult 
of  explanation.  Let  us  choose  as  our  example  how  many  degrees  Fahren- 
heit in  -35°C. 

35  X  1.8  =  63  Fahrenheit  degrees,  not  degrees  Fahrenheit,  below  the 
melting-point  of  ice — 63  Fahrenheit  degrees  below  the  point  that  is 
marked  zero  on  the  Centigrade  scale.  The  point  marked  zero  on  the 
Centigrade  scale  means  32^  Fahrenheit;  so  the  63  degrees  we  have  spoken 
of  will  be  partly  above  and  partly  below  zero  Fahrenheit;  32  degrees  of 
it  will  be  above  zero,  the  balance  (63—32),  which  is  31°,  will  be  below 
zero  Fahrenheit,  and  thus  we  see  that  —  35°C.  is  equal  to  —  31**F.  In- 
versely, if  we  want  to  know  the  value  of  —  31**F.  in  the  Centigrade  scale, 
the  first  thing  to  do  is  to  find  how  many  Fahrenheit  degrees  there  are 
between  —31°  and  that  point  on  the  Fahrenheit  thermometer  which 
equals  0°C.  This  point  is  32°F.  If  there  are  31°  below  zero  and  32° 
above  that  point  to  0°C.,  then  the  number  of  Fahrenheit  degrees  between 
31°F.  and  the  point  marked  zero  on  the  Centigrade  scale  is  3 1  +  32  =  63. 

In  other  words,  —  31°F.  is  63  Fahrenheit  degrees  below  zero  Centi- 
grade. Take  63,  divide  by  1.8,  and  we  get  35,  showing  that  —  31°F. 
equals  -35°C. 

It  would  be  useful  for  the  student  to  calculate  in  Centigrade  degrees 
the  value  of  -40°F.  (see  p.  549). 

Conversion  of  Fahrenheit  markings  into  Reaumur  and  Reaumur 
markings  into  Fahrenheit  is  of  comparatively  Uttle  importance  in  Amer- 
ican pharmacy;  therefore,  a  brief  statement  of  the  factor  will  suffice. 

If  0.8*R.  -  l.S'^F. 

Then,  1"R.  =  ^  %  X  1.8,  or  2.25**F. 

Then  to  convert  K^umur  into  Fahrenheit  multiply  by  2.25  and  add  32. 

Then  to  convert  Fahrenheit  into  Reaumur  subtract  32  and  divide  by  2.25. 

Varieties  of  Thermometers. — The  usual  form  of  thermometer  consists 
of  a  glass  bulb  to  which  is  attached  a  capillary  tube.  In  it  is  placed  a 
sufficient  quantity  of  boiled  mercury  to  fill  the  bulb  and  the  lower 
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portion  of  the  tube.  Iq  the  cheaper  form  of  thermometer  air  is  allowed 
to  remtuQ  in  the  rest  of  the  tube,  wbcb  is  sealed  at  tbe  otber  end.  la 
Huch  thermometers,  however,  after  continued  use,  the  mercury  is  gradu- 
ally oxidized  by  the  air,  rendering  the  instrument  less  accurate;  there- 
fore in  tbe  finer  grades  of  thermometer  tbe  air  is  replaced  by  pure  nitro- 
gen, or  a  vacuum  is  made  in  tbe  tube.  This  bulb  and  tube  is  then  at- 
tached to  a  scale  in  the  several  ways  that  convenience  suggests,  the 
cheaper  forms  of  thermometer  being  merely  fastened  to  a  piece  of  wood  on 
which  tbe  scale  is  marked,  while  the  chemical  and  pharmaceutic  ther- 
mometers are  usually  inclosed  in  a  glass  tube  inside  of  which  the  scale  is 
placed,  the  intention  in  this  case  bmg  to  make 
the  thermometer  of  cylindric  form  and  sufficiently 
small  to  permit  insertion  through  a  cork,  and  then 
into  tbe  neck  of  a  flask.  On  such  thermometer 
tbe  scale  is  made  of  paper  or  porcelain  placed  in- 
side of  the  outer  tube,  or  else  it  is  engraved  on 
the  outer  surface  of  the  outer  tube,  the  latter 
being  particularly  the  case  in  the  exceedingly 
small  and  delicate  thermometers  used  in  estimat- 
ing boiling-  and  melting-points  (Fig.  50). 

In  purchasing  a  thermometer  for  pharmaceutic 
piuposes,  always  avoid  those  with  paper  scales, 
for  should  one  be  heated  above  125",  it  will  scorch 
and  even  char,  and  the  reduction  in  cost,  as 
compared  to  the  porcelain  scaled  thermometer, 
is  too  little  to  justify  tbe  economy. 

It  is  needless  to  say  that  a  Centigrade  ther- 
mometer should  be  so  accurately  adjusted  that 
the  zero  mark  coincides  with  the  height  of  the 
mercury  column  when  plunged  into  melting  ice, 
and  that  the  100"  mark  should  agree  with  the 
height  of  the  mercury  column  when  placed  in 
the  temperature  of  steam. 

To  test  thermometers  for  this  purpose  is  a 
very  simple  matter.  Such  tests  should  be  made 
from  time  to  time  on  every  thermometer,  used 
as  the  glass  in  the  thermometer,  on  ^ing,  under~ 
goes  more  or  less  contraction  and  therefore  is  apt 
to  become  inaccurate.  Details  of  this  testing 
will  be  found  in  Part  VI. 

A  modification  of  the  thermometer,  sold  in  pj,,  e6._cheinic»i  thermomE- 
pharmacies,  although  not  used  in  phannaceutic  *«»■ 

operations,  is  the  well-known  fever  thermometer. 

This  is  generally  limited  to  the  temperature  of  tbe  human  body — say 
from  90°  to  llO^F.  Thermometers  of  such  limited  marking  can,  of 
course,  be  made  smaller  than  those  of  larger  scope,  hence  are  more  con- 
venient for  carrying  by  a  physician. 

A  popular  form  of  this  instrument  is  the  so-called  "self -registering 
thermometer,"  in  which  a  portion  of  the  mercury  rises  to  the  greatest 
height  in  the  operation,  and  does  not  return  with  the  rest  of  the  mercury 
in  contracting,  thus  leaving  a  register  of  the  patient's  temperature  for 
examination  by  the  physician  on  his  rettu-n  visit. 

This  break  in  tbe  mercury  column  must  be  remedied  before  the  ther- 
mometer is  used  for  another  operation,  and  this  can  be  done  very  simply 
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by  grasping  the  thermometer  by  the  upper  end,  raising  same  above  the 
shoulder,  and  giving  it  a  downward  circular  sweep.  This/*  repeated 
several  times,  will  remedy  the  break.  The  same  treatment  apphes 
to  a  chemical  thermometer  when  such  a  break  in  the  filament  occurs. 

In  some  cases,  however,  the  break  is  so  persistent  as  to  resist  these 
efforts,  when  it  can  be  brought  down  by  gently  warming  the  thermometer 
until  the  mercury  rises  to  the  broken  part  and  forces  same  up,  and  then 
shaking  the  mercury  down  as  above  mentioned. 

Other  Varieties  of  Thermometers. — In  pharmacy  the  thermometers 
above  mentioned  are  practically  the  only  ones  employed,  and  to  such 
thermometers  the  measure  of  the  temperature  is  Umited  to  minus  40°C., 
the  freezing-point  of  mercury,  and  to  plus  360°C.,  the  boiling-i>oint  of 
mercury.  In  technic  the  measurement  of  higher  temperatures  is  often 
desired,  and  for  such  purposes  modifications  called  "pyrometers"  are 
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Fig.  51. — ^Lead  bath  and  pyrometer  (for  high  heat  experiments). 

employed.  The  simplest  form  of  pyrometer  is  the  iron  bar  mentioned  on 
p.  76.  In  another  form  the  bulb  and  tube  are  made  of  finest  porcelain, 
filled  with  air,  which  expands  on  heating,  and  the  expansion  is  measured 
by  the  pressure  of  the  air  on  a  mercury  column. 

A  more  modern  form  of  pyrometer  is  one  in  which  electricity  is 
employed,  this  acting  on  the  principle  that  certain  substances  on  heating 
show  more  resistance  to  electricity  than  when  cold;  indeed,  in  exact  pro- 
portion to  the  increase  of  temperature.  Therefore  in  such  an  instru- 
ment a  current  of  electricity  is  conducted  through  the  metal,  which  acts- 
as  the  thermometer,  and  the  temperature  is  estimated  from  the  reading 
of  the  resistance  gauge,  or  ammeter. 
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CHAPTER  V 

APPLICATIONS  OF  HEAT 

In  studying  the  dozen  or  more  pharmaceutic  processes  involving  the 
use  of  heat,  we  note  that  they  can  be  best  understood  when  presented  in 
the  following  tabulated  form: 

I.  Chemical  change  in  the  heated  product: 


1.  Substance  is  inorganic,  is  strongly 
heated,  and  gives  off  gas. 


2.  Substance  is  organic. 


'  (o)  COj  eliminated,  calcination, 
(6)  Gas  eliminated  with  a  flame,  ignition. 
(c)  Gas  eUminated  with  crackling  sound, 

deflagration. 
(a)   Strong  heat  without  access  of  air, 

carbonization. 
(6)  Strong  heat  with  access  of  air,  tn- 

cineraiion. 
(c)  Moderate  heat  only,  torrefaciion. 

II.  Physical  change  produced  in  heated  product: 

1.  Solid  temporarily  changed  to  liquid,  fusion. 

2.  Solid  or  liquid  temporarily  changed  to  gas,  vaporization. 

The  modifications  of  vaporization  can  best  be  tabulated  as  follows: 

Method  Object  Sought  Name  of  Process 

'  (a)  Liquid  residue Evaporation. 

r  Desiccation. 

(6)  Solid  residue '  Exsiccation. 

\  Granulation. 
Vaporization  and  condensa-  f  (a)  Volatile  liquid  Distillation, 

tion \  (6)  Volatile  solid  Sublimation. 

Discussing  the  several  processes  individually  we  find  the  following 
points  of  interest  and  importance. 

Calcination  is  the  process  of  strongly  heating  a  carbonate,  whereby 
the  gas,  carbon  dioxide,  is  driven  off  and  the  oxile  of  the  metal  remains. 

Note  the  similarity  between  the  words  "calcination"  and  "calx." 
Calx  is  the  Latin  name  for  lime,  calcium  oxide,  CaO,  which  is  made  by 
strongly  heating  calcium  carbonate,  CaCOa,  when  carbon  dioxide,  COj, 
passes  oflf.  By  the  identical  process — calcination — the  oxides  of  magne- 
sium and  zinc  are  produced,  as  the  following  comparison  shows: 

CaCO,  MgCO«  ZnCOs 

C0»  CO,  CO, 


Simple  vaporization. 


Ca   O  Mg   O  Zn   O 

The  results  of  above  subtraction — ^the  remaining  oxides — are  said 
to  be  "calcined." 

While  the  largest  operations  of  calcination  are  performed  in  huge 
plants  of  masonry  called  lime-kilns,  in  the  laboratory  the  substance  to  be 
calcined  is  usually  placed  in  an  evaporating  dish  (see  p.  90)  or  in  a  crucible, 
the  source  of  heat  being  a  blast  lamp. 

Crucibles  are  utensils  of  various  sizes,  shapes,  and  materials,  accord- 
ing to  the  objects  for  which  intended.  The  name  crucible  dates  from  the 
middle  ages,  when  the  alchemists  (the  forerunners  of  the  chemists),  in 
invoking  Divine  aid  in  their  operations,  marked  utensils  of  this  character 
with  the  sign  of  the  cross  (Latin,  ^'crux''), 
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The  modem  crucible^  are  made  of  the  following  materials : 
Fir&-day  or  Hessian  crucibUa  (Fig.  52)  are  very  cheap  and  convenient 
apparatus  for  conducting  high  beat  experiments.  They  usually  come 
nested,  in  sizes  ranging  from  15  to  500  mils.  Their  chief  drawback  is 
that  they  are  poorly  annealed,  and  are  therefore  liable  to  break.  More- 
over, they  are  too  porous  to  hold  water. 

Grapkite  crucibles  are  more  expensive,  but  are  disable.  They  are 
commonly  called  "black-lead  cnicibies,"  and  are 
of  the  same  material  of  which  the  "lead"  of 
'  pencils  and  the  cake  stove-blacking  is  composed. 
They  are  used  more  for  chemical  than  for  phar- 
maceutic work,  as  is  also  that  form  of  crucible, 
"the  cupel,"  which  is  made  of  bone-ash  and  used 
exclusively  in  metallurgy. 

Porcelain  crucibles  are  the  most  popular  of  all 
forms  of  crucibles,  they  being  comparatively 
durable,  easy  to  clean,  and  moderate  in  price. 
They  can  be  obtained  in  all  sizes,  but  the  most 
convenient  are  those  of  15  to  30  mils  capacity 
(Fig.  53). 
Ft*  112  — H  bi  Platinum  crucibles  are  too  expensive  to  be  of 

enu  cniffl  b.  ordinary  pharmaceutic  use,  but  the  purchase  of 
a  platinum  crucible  is  by  no  means  a  bad  investment,  as  when  the  in- 
strument has  become  worn  out,  the  platinum  of  which  it  is  composed 
can  be  sold  at  a  price  but  little  below  lis  onginfU  cost.  The  most  con- 
venient size  of  platinum  crucible  is  one  of  10  to  15  mils  capacity.  They 
are  of  great  value,  because  durable  and  because  possesait^  powers  of  re- 
sistance against  chemicals  far  greater  than  other  meta]^.  This  great 
advantage  must  not  be  abided,  however,  for  it  should  be  clearly  remem- 
bered that  sulphides,  hypophoaphites,  potassium  and 
lead  salts  affect  platinum,  ruining  the  crucible  in  which 
they  are  heated. 

Appliances  necessary  to  the  successful  handling  of 
crucibles  are  (T«ci'6Ie  tongs  (Fig.  54  ),  which  are  used  for 
lifting  crucibles  And  triangles  on  whach  they  rest  while 


n*.  G3. — Porcolain  ormriblea  (a);  plAtinuin  cruoibls  lb). 


being  heated.  These,  as  shown  in  cut,  primarily  consist  of  iron  wire 
covered  by  clay  piping,  hence  obtainable  at  small  coat.  The  triangle 
rests  on  or  is  supported  by  a  tripod  (Fig.  66)  or  else  on  the  ring  of  a 
retort  stand. 

Ignition  is  the  process  of  heating  inoi^nic  matter  strongly,  whereby 
certain  portions  are  driven  oS  in  gaseous  forms  (usually  with  formation 
of  a  Same),  leaving  the  non-volatile  residue.  This  process  is  used  in  phar- 
macy in  some  analyses,  for  example:  the  United  States  Fharmacopceia  of 
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1800  directed  in  a  teat  for  sulphurated  antitnony,  that  the  same,  on  being 
heated,  should  lose  its  sulphur  by  ignition,  leaving  a  residue  consisting 
cluefly  of  antimony  oxide.  Likewise  ignition  is  used  in  the  burning  of 
iron  pyrites,  when  the  sulphur  which  it  contains  combines  with  the  oxygen 
of  the  air  to  form  the  gas  sulphurous  oxide,  leaving  a  residue  (ferric  oxide) 
V>ehind. 

The  ignitions  of  pharmacy  are  usually  per- 
formed on  platinum  foil,  in  crucibles,  or  in 
evaporating  dishes,  or  even  on  the  end  of  a 
spatula  or  knife-blade.  Thus  the  presence  of 
calcium  sulphate  in  a  sample  of  precipitated 
sulphur  is  easily  detected  by  igniting  a  bit  of 
the  suspected  chemical  on  the  blade  of  a 
spatula, when  it  leaves  a  residue  only  in  case 
calcium  sulphate  is  present. 

Deflagration  is  the  process  of 
strongly  heating  a  substance  readily 
yielding  oxygen,  when  this  element 
is  evolved  with  a  characteristic 
crackling  sound.   This  phenomenon 

occurs  when  potassium  nitrate  or  j^.  M,_HestiD,  mioibip:  a, 
potassium  chlorate  is  heated,  and  S™°'^'"ij!:  tf'*"*'*;  «■  'rfpw';  •>■ 
the  process  is  quite  different  from 

that  of  "decrepitation,"  which  will  be  explained  in  the  chapter 
on  Crystallization. 

Deflagration  is  used  in  no  process  of  pharmacy,  but  it  is  of 
value  in  the  testingof  some  official  chemicals,  such  as  potassium 
nitrate.  To  produce  deflagration  the  salt  is  sprinkled  on  hot 
coals,  or  is  heated  on  platinum  foil  or  is  placed  in  a  deflagrat- 
ing spoon  (Fig.  56). 

Carbonization  is  the  process  of  strongly  beating  an  organic 
substance  (that  is,  a  substance  containing  carbon)  in  a  vessel 
protected  from  access  of  air.  Under  this  treatment  the  hydrogen 
and  oxygen  usually  found  in  organic  substances  associated 
with  carbon  pass  off  in  the  form  of  water,  leaving  behind  the 
carbon  or  charcoal. 

This  process  is  rarely  employed  in  pharmacy,  and  when 
^0       utilized  may  be  performed  in  a  rather  tightly  covered  crucible, 
^u- M—   The  typicaJ  example  if  carbonization  is  the  manufacture  of 
^Sf""""     charcoal — "the  charcoal  burning" — an  industry  of  the  southern 
United  States. 
If  carbonization  is  CEirried  on  in  a  retort  and  the  volatile  products 
coDected,  the  process  is  called  destructive  di^iUaiion.    By  such  destruc- 
tive difitillation  of  wood,  wood-alcohol,  acetone,  and  acetic  acid  are  now 
made. 

Indneration  is  the  process  of  strongly  heating  an  organic  substance 
with  access  of  air,  whereupon  the  carbon,  as  well  as  the  hydrogen  and 
oxygen,  is  dissipated,  as  oxidation  products,  and  nothing  is  left  but  inor- 
ganic salts  foimd  in  the  original  substance,  and  commonly  called  ashes. 

Incineration  is  like  carbonization,  save  that  the  former  process  is 
performed  in  a  utensil  where  the  air  cannot  get  at  the  organic  substance, 
vhile  in  incineration  the  air  has  full  access.  This  makes  the  important 
differ^ice  that  in  carbonization  the  residue,  after  heating,  is  carbon  or 
charcoal  and  inorganic  salts;  while  in  incineration  the  carbon  combines 
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with  the  oxygen  of  the  air  to  form  the  gas,  carbon  dioxide,  CO2,  which 
passes  off,  leaving  behind  only  a  small  residue  (ashes)  consisting  of  inor- 
ganic salts.    Such  an  operation  is  every  open  iB^re;  such  is  the  process  of 

cremation.  Its  use  in  modern  pharmacy  is  limited  to 
chemical  examinations,  the  amount  of  ash  yielded  by 
drugs  being  in  some  cases  a  valuable  criterion  of  quality. 
Such  ash  estimations  are  performed  by  carefully  drying 
a  crucible  by  heating  in  Bunsen  burner  for  fifteen  minutes, 
weighing  same  after  cooling  in  a  desiccator  (p.  110),  care- 
fully placing  the  drug  in  the  crucible,  and  weighing,  in- 
cinerating same,  and  finally  weighing  the  remaining  ash. 
In  alchemistic  times  the  ashes  from  the  certain  plants 
were  supposed  to  be  of  great  value  in  medicine.  Thus 
the  ashes  of  wormwood,  which  modem  chemistry  has 
shown  to  consist  chiefly  of  potassium  carbonate,  was 
highly  esteemed  under  the  name  of  "sal  absinthii,"  or 
'*  salt  of  wormwood,"  two  synonyms  which  still  cling  to 
the  commercial  salt. 

Torref  action  is  the  process  of  more  moderately  heating 

/'  \{\  organic  matter  with  access  of  air,  in  which  case  the  active 

{     1-4-^       principles  of  the  substance  are  not  eliminated,  but  are 

VJ^  merely  modified.    The  process  is  what  is  commonly 

Fig.  67.— Melting-  Called  "roosttng,^'  and  a  familiar  illustration  is  the  roast- 

iwlk*  *£^ermom-  ^^8  of  coffce,  pcauuts,  ctc.     In  pharmacy  it  is  an  obsolete 

etcr;*c.  subauncein  process,  although  formerly  ** torrefied  rhubarb*^  enjoyed 

considerable  vogue. 
The  operation  is  performed  by  placing  the  drug  in  an  evaporating 
dish,  watch-glass,  or  crucible,  and  exposing  it  to  a  steady  moderate 
heat ;  best  applied  by  means  of  a  drying  oven  (p.  1 10) . 
Fusion  is  the  process  of  converting  a  solid  into  a 
liquid  by  means  of  heat  without  the  aid  of  a  solvent, 
the  object  usually  being  to  enable  the  straining  of 
the  fluid  mass  or  the  molding  of  it  to  some  special 
shape  at  the  moment  of  solidification.    The  process 
is  so  well  known  that  it  is  scarcely  necessary  to  do 
more  than  refer  to  the  well-known  operation  of 
melting  wax  as  an  illustration  of  fusion.    This, 
therefore,  is  an  official  fused  substance,  as  is  also 
the  official  molded  silver  nitrate. 

Substances  are  fused  in  any  appropriate  vessel 
— crucible,  test-tube,  or  dish — and  the  melted  mass 
strained  or  poured  into  molds  as  desired,  it  being 
hardly  necessary  to  state  that  since  the  liquid  re- 
turns to  solid  form  as  soon  as  the  heated  mass 
reverts  to  ordinary  temperature,  the  fused  condi- 
tion is  merely  temporary. 

The  melting-point  of  a  substance  is  estimated  by 
placing  the  powdered  mass  in  a  very  small  tube, 
attaching  this  tube  to  a  thermometer,  and  immersing  the  thermometer 
and  tube  into  concentrated  sulphuric  acid  contained  in  a  beaker  or  flask 
(Fig.  57).     Heat  is  then  applied  to  the  acid,  and  the  moment  the  sub- 
stance fuses,  the  thermometer  is  read. 

The  present  pharmacopoeia  prescribes  (Part  II,  p.  696)  very  elaborate 
directions  for  taking  melting-points  and  the  illustration  (Fig.  58)  is 


Fig.  58. — Apparatus  for  tak- 
ing melting  points. 


APPLICATIONS   OF   HEAT  _  85 

taken  from  that  work.  The  extra  thermometer  placed  above  the  one 
used  for  determinmg  the  actual  melting-point  is  to  note  the  temperature 
outside  the  sulphuric  acid,  since  the  upper  part  of  the  thermometer  is 
directly  exposed  to  the  air  and  is  Ukely  to  give  faulty  results.  The  factor 
of  correction  is  also  given  in  the  pharmacopoeial  explanation. 

It  does  not  alwa3rs  happen  that  the  temperature  at  which  a  solid  fuses 
(the  melting-point)  is  the  same  as  the  temperature  at  which  the  fused 
material  returns  to  its  solid  form.  This  last  temperature  is  called  the 
congealing-point.  Details  of  estimation  of  the  congealing-point  is  given  in 
the  present  pharmacopoeia  (Part  II,  p.  599). 

Vaporization  is  a  general  term  meaning  the  change  of  a  solid  or 
a  liquid  into  a  vapor;  the  latter  term  meaning  the  gaseous  form  of  a 
substance,  which  at  ordinary  temperatures  is  either  a  solid  or  a  liquid. 

Liquids  and  solids  are  held  together  by  the  force  of  cohesion  exerted 
by  their  molecules.  In  gases,  the  molecules,  instead  of  being  held 
together,  actually  repel  each  other;  the  force  of  cohesion  is  practically 
overcome.  To  overcome  this  requires  much  energy,  and  it  is  into  such 
energy  that  that  surplus  heat  of  vaporization  is  converted.  Steam, 
when  placed  in  a  position  in  which  it  can  gradually  assume  normal  tem- 
perature, reconverts  the  energy  necessary  to  keep  its  molecules  apart 
into  heat,  imparts  this  heat  to  the  surrounding  media,  and  returns  to 
liquid  form.  Even  so  do  all  volatile  liquids,  and  the  process  whereby  a 
vapor  passes  into  a  liquid  form  is  called  condensation.  This  condensation 
is  usually  hastened,  in  general  practice,  by  application  of  cold  water  or 
ice  to  the  vapor. 

The  form  of  energy  necessary  to  keep  the  molecules  of  a  substance 
sufficiently  far  apart  to  maintain  the  vapor  form  of  that  substance  is 
called  "latent  heai  of  vaporization  "  Latent  heat  can  be  simply  explained 
as  follows:  We  take  a  flame  that  would  register  500°C.  on  a  thermometer 
and  put  over  it  a  pot  of  hot  water;  the  temperature  of  that  water  will 
never  rise  much  above  100°C.  Possibly  it  may  reach  102°  or  103°C.,  but 
hardly  higher.  What  then  becomes  of  the  surplus  heat  of  the  flame?  It 
becomes  hidden,  it  is  said;  hence  the  term  ** latent,''  from  the  Latin 
"laieo,"  to  hide. 

But  the  term  is  scarcely  correct.  We  learned  in  Chapter  IV.  that 
heat  was  molecular  motion — a  kind  of  energy.  Now  this  energy  can 
be  transformed  into  other  forms  of  energy  under  certain  conditions, 
and  that  is  what  happens  in  the  case  under  consideration. 

Water  when  it  reaches  100°C.  is  converted  into  steam — ^it  is  changed 
from  a  liquid  to  a  gas.  This  transformation  means  work.  It  means 
expenditure  of  energy,  and  the  energy  needed  comes  from  those  4(K)°C. 
of  heat  which  we  say  becomes  latent. 

One  of  the  fundamental  rules  of  physics  is  that  energy  is  never  lost. 
We  may  lose  sight  of  it,  but  it  merely  assumes  another  form.  Accord- 
ingly, aU  that  energy — ^all  those  400°  latent  heat  in  the  flame — is  to  be 
found  in  the  steam,  ready  for  other  work,  as  can  be  shown  as  follows: 

Take  equal  parts  of  water  at  100°  and  at  0°  and  the  mixture  will  have 
a  temperature  of  50°,  the  mean  of  100  and  0.  Take,  on  the  other  hand, 
equal  parts  of  steam  at  100°  and  water  at  0°  and  we  get  water  at  100°. 
This  shows  that  steam  at  100°  contains  more  heat  than  water  at  100°; 
that  this  extra  heat  is  used  to  hold  the  molecules  of  the  vaporized  water 
apart.  The  exact  quantity  of  energy  has  been  gaged,  and  it  is  found  by 
experiment  that  one  part  of  steam  at  100°  is  not  merely  capable  of  raising 
one  part  of  water  from  zero  to  100°,  but  can  actually  raise  5.4  pounds  of 
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water  from  zero  to  100^.  Accordingly,  1  pound  steam  can  raise  540 
pounds  water  l^C,  and  we,  therefore,  say  the  latent  heat  of  steam  is 
540  calories  (the  exact  figure  is  535.9). 

This  explains  why  steam  is  so  much  more  valuable  for  heating  pur- 
poses than  an  equivalent  amoimt  of  water  at  the  same  temperature,  as 
it  also  explains  why  steam  is  so  much  ''hotter"  than  water  at  the  same 
temperature,  why  a  steam  scald  is  so  much  more  painful  than  a  scald 
from  boiling  water. 

The  changing  of  the  liquid  into  vapor  occurs  at  all  temperatures. 
That  water,  for  example,  evaporates  freely  at  ordinary  temperatures 
is  demonstrated  by  the  fact  that  a  towel  soaked  in  water  and  hung  in 
such  a  position  as  to  allow  access  of  air  will  readily  dry,  or,  in  other 
words,  water  will  evaporate  therefrom.  However,  water  evaporates 
with  the  greatest  facility  only  when  the  boiling-point  is  attained. 

The  boiling-point  is  of  such  pharmaceutic  importance  that  it  behooves 
every  student  clearly  to  understand  when  and  how  ebuUUianj  or  boiling, 
commences. 

When  a  pot  of  water  is  on  the  fire,  the  first  part  of  the  liquid  to  reach 
100°C.  is  that  nearest  the  flame — ^at  the  bottom  of  the  pot.  It  is,  there- 
fore, the  water  at  the  bottom  that  is  first  changed  to  steam. 

Steam  is  vapor — a  state  of  aggregation  in  which  the  molecules  tend 
to  get  away  from  each  other.  They  have  overcome  the  force  of  cohesion, 
are  wild  to  break  bounds  and  escape  into  the  open  air.  This  tendency  of 
a  liquid  to  expand  to  a  gas  is  called  the  tension  of  Us  vapor. 

The  steam  at  the  bottom  of  the  kettle  has  its  tension,  but  it  is  re* 
strained  in  two  ways.  It  has  above  it  the  weight  of  the  column  of  water 
in  the  pot,  and  on  top  of  this  the  weight  of  the  atmosphere,  which  presses 
down  with  the  force  of  almost  fifteen  poimds  to  each  souare  inch  of  sur- 
face. Before  the  steam  can  escape,  before  the  bubbles  of  vapor  can 
rise  to  the  surface,  the  combined  restraining  power  must  be  overcome  by 
the  tension  of  the  vapor  of  water,  and  the  point  where  the  tension  of  the 
vapor  overcomes  the  pressure  of  the  atmosphere  is  the  boiling-point, 
and  is  attained  only  at  a  certain  degree  of  heat  absolutely  fixed  for  each 
liquid. 

Vapor  may  pass  off  at  temperature  imder  the  boiling-point,  but  it 
then  passes  from  the  surface  of  the  liquid,  with  little  or  no  disturbance, 
and  takes  place  rather  slowly. 

It  is  only  at  that  supreme  moment — that  moment  when  the  heat 
attained  is  sufficient  to  raise  the  tension  of  the  vapor  above  the  pressure 
of  the  atmosphere,  that  the  liquid  boils;  that  bubbles  of  steam  arise  from 
the  bottom  of  the  heated  liquid. 

The  statement  that  a  liquid  begins  to  boil  when  the  tension  of  its 
vapor  is  greater  than  the  pressure  of  the  atmosphere  can  be  easily  dem- 
onstrated by  the  following  simple  experiment: 

A  glass  tube  sealed  at  one  end  and  about  three  feet  long  is  exactly 
filled  with  mercury,  and  inverted  into  a  bowl  containing  the  same  liquid. 
It  will  be  noted  that  the  mercury  in  the  bowl  will  support  a  column  of 
mercury  inside  the  tube,  usually  about  thirty  inches  above  its  surface. 
The  force  supporting  the  column  of  mercury  thirty  inches  high  is  none 
other  than  the  pressure  of  the  atmosphere  on  the  surface  of  the  mercury 
in  the  bowl,  and  if  the  area  of  the  interior  of  the  tube  be  one  square  inch, 
it  will  be  found  that  the  weight  of  this  thirty-inch  column  of  mercury  will 
be  14.7  pounds. 

From  this  we  deduce  the  statement  that  the  usual  atmospheric 
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pressure  is   14.7  pounds  to  the  square  inch,  and  this  has  been  proved 
in  other  ways. 

We^  thus  learn  what  is  meant  by  the  pressure  of  the  atmosphere. 

!^ow,  in  order  to  demonstrate  the  second  part  of  the  statement  just 

pven  above,  that  a  liquid  begins  to  boil  when  the  tension  of  its  vapor 

overcomes  the  pressure  of  the  atmosphere,  we  insert  into  the  vacuum 

in  the  tube  above  the  column  of  mercury  an  appropriate  quantity  of 

water,  which  at  ordinary  temperatures  will  have  but  little  effect  on  the 

iieight  of  the  mercury  column.     The  moment  we  begin  heating  the  water 

a  change  occurs,  the  mercury  being  gradually  pushed  down  toward  the 

mercury  in  the  bowl  by  the  expansive  force  of  the  warmed  vaporized 

water;  in  other  words,  by  the  tension  of  the  vapor  of  the  water.    As  the 

heat  is  continued  the  pressure  of  the  vapor  of  the  water  pushes  the 

mercury  farther  and  farther  down;  in  other  words,  gradually  overcomes 

the  pressure  of  the  atmosphere,  and  this  before  the  liquid  begins  to  boil. 

The  moment  the  liquid  begins  to  boil  it  is  observed  that  the  mercury 

has  been  completely  forced  from  its  former  place,  that  is,  the  column 

of  mercury  thirty  inches  high  has  disappeared — ^the  tension  of  the  vapor 

of  water  has  become  equal  to  the  pressure  of  the  atmosphere. 

This  experiment  can  be  carried  on  with  equal  success,  with  Uquids 
other  thitn  water,  in  which  cases,  it  is  found  that  the  column  of  mercury 
is  completely  forced  down  from  the  barometer  at  the  moment  the  boil- 
ing-point of  that  liquid  is  reached.  The  boiling-point  of  water  decreases 
about  1**C.  for  each  1080  feet  ascent. 

That  different  liquids  possess  different  boiling-points  is,  of  course, 
too  well  known  to  require  much  comment,  but  mention  may  be  made  that 
while  water  boils  at  100°C.,  alcohol  boils  at  78°,  chloroform  at  61°,  and 
ether  at  35°. 

Estimation  of  boiling-point  is  discussed  in  Part  VII.  and  on  p.  95.  An 
elaborate  method  of  estimating  the  boiling-point  is  given  in  the  present 
pharmacopoeia  (Part  XL,  p.  598). 

As  shown  in  the  table  given  on  p.  81,  there  are  several  modifications 
of  vaporization,  all  of  which  will  now  be  discussed. 

Evaporationi  in  the  strict  sense  of  the  word,  means  the  vaporiza- 
tion of  a  liquid  from  a  liquid,  as,  for  example,  the  removal  of  water 
from  glycerin  by  gentle  heat.  In  a  broader  sense  of  the  term,  however, 
it  includes  the  removal  of  liquid  by  heat  from  any  solution.  Thus  it  is 
more  usual  to  speak  of  evaporating  a  solution  of  salt  than  of  evaporating 
water  from  glycerin. 

Conditions  Affecting  Evaporation. — The  rapidity  of  the  evaporation 
depends  rather  largely  on  the  following  conditions: 

First,  amount  of  heat. 

The  greater  the  source  of  heat,  the  more  rapidly  the  evaporation  will  take  place. 

Second,  the  amount  of  atmosvkeric  pressure. 

As  noted  above,  the  less  tne  atmospheric  pressure,  the  lower  the  temperature 
neoeasary  to  bring  the  liquid  to  the  state  of  ebullition.  Thus,  while  water  boils  at 
the  ordinaiy  atmospheric  pressure  of  14.7  pounds  to  the  square  inch,  at  lOO^C,  the 
same  water,  placed  in  a  container  from  above  which  the  pressure  of  the  atmosphere 
has  been  lessened  to  only  1.7  pounds  to  the  square  inch,  will  boil  at  50°C.,  and,  on 
the  other  hand,  the  same  water  confined  in  a  container  in  such  way  that  the  pressure 
on  the  surface  of  the  liquid  is  100  pounds  to  the  sqaure  inch,  will  not  boil  until  the  tem- 
perature of  164*^C.  is  reached. 

Therefore,  many  cases  of  evaporation  are  carried  on  in  special  apparatus  in  which 
the  atmospheric  pressure  has  been  lessened,  such  apparatus  being  called  vacuum  pans. 

Third,  amount  of  humidity  in  the  air. 

An  aqueous  solution,  on  evaporating,  is  converted  into  steam  which,  of  course, 
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• 

passes  off  into  the  atmosphere,  and  the  rapidity  with  which  the  air  receives  this  vapor 
18  in  proportion  to  the  amount  of  moisture  already  contained  in  the  atmosphere.  A 
dry  air  naturally  absorbs  more  moisture  than  will  a  humid  atmosphere,  hence  liquids 
evaporate  more  rapidly  in  dry  air  than  in  humid  air. 

Fourth,  character  of  the  solverU, 

In  evaporating  liquids  at  the  boiling-pointj  the  nature  of  the  solvent  influences  to  a 
greater  or  less  degree  the  rapidity  of  evaporation:  a  thin  mobile  liquid  usually  evapo- 
rates more  rapidly  than  a  dense  and  viscid  liquid.  The  question  of  evaporation  is  not, 
however,  a  mere  question  of  relative  specific  gravities,  as  is  shown  b^  the  fact  that  the 
very  volatile  chloroform  G>oiling-point,  61^)  is  one  and  one-half  times  heavier  than 
water,  the  volatility  of  the  chloroform  being  due  to  the  mobility  of  the  liquid  and  not 
to  its  density.  The  reason  a  mobile  liquid  evaporates  more  readily  than  does  a  viscid 
one  is  because  its  molecules,  having  little  adhesion,  freely  separate  from  one  another, 
thus  affording  the  exit  of  the  vaporized  portion.  In  the  case  of  viscid  Uquids,  like 
syrup  or  mucilage  of  gum  arable,  the  molecules  do  not  freely  separate  from  one 
another,  and  on  evaporation  of  such  liquids  this  fact  can  be  noted  by  examination  of 
the  bubbles  formed  as  the  liquid  vaporizes. 

The  influences  affecting  evaporation  by  boiling  and  evaporation 
below  the  boiling-point  are  of  diflFerent  character,  in  the  first  case  the 
main  factor  being  the  extent  of  surface  exposed  to  the  heat,  while  in  the 
latter  case  it  is  the  extent  of  surface  exposed  jbo  the  air;  hence  each  of 
these  can  best  be  considered  separately. 

Evaporation  by  Boiling. — Since  heat  is  necessary  to  facilitate  boiling, 
it  follows  that  the  greater  the  surface  exposed  to  the  source  of  heat,  the 
more  rapidly  the  liquid  will  boil,  and  this  result  is  obtained  not  simply 
because  of  such  broadening  of  the  surface  exposed  to  the  heat,  but  also 
by  the  fact  that  such  broadening  implies  a  corresponding  decrease  in  the 
depths  of  the  liquid.  As  an  illustration,  the  volume  of  100  mils  water 
will  have  much  less  depth  if  poured  into  a  flat  dish  than  if  retained  in  a 
graduate,  and  that  the  lessening  of  the  depth  facilitates  ebullition  can  be 
tmderstood  when  the  fact  is  noted  that  the  liquid  begins  to  boil  not 
merely  when  the  tension  of  its  vapor  is  greater  than  the  pressure  of  the 

atmosphere,  but  when  such  tension  is 
greater  than  the  pressiu-e  of  the  atmo- 
sphere plus  the  pressure  of  the  column 
of  the  liquid  above.    Hence  in  evaporat- 

Fig.so.-Corrugated  pan  bottom.       \^^  ^t  boiUug  we  try  to  place  the  liquid 

in  as  thin  a  layer  as  possible,  by  choos- 
ing flat  forms  of  evaporating  dishes  and  the  like. 

Since  evaporation  by  boiling  is  influenced  by  the  amount  of  surface 
exposed  to  the  heat,  the  character  of  the  vessel  plays  its  part,  as  certain 
materials  and  forms  transmit  heat  better  than  others.  Thus  iron  and 
copper  vessels  are  better  for  evaporation  of  liquids  than  are  porcelain, 
because  of  the  greater  conductivity  of  the  metals.  This  statement, 
however,  does  not  mean  an  unqualified  recommendation  of  iron  and  cop- 
per utensils  for  evaporation  of  pharmaceutic  products,  as  the  question 
of  preserving  the  purity  of  the  chemicals  is  of  far  more  importance  than 
is  the  rapidity  with  which  it  can  be  evaporated,  and  metallic  vessels  are 
very  apt  to  contaminate  the  products. 

As  to  form,  a  corrugated  vessel  will  transmit  heat  more  readily  than 
a  flat- bottomed  one,  as  is  self-evident  by  examination  of  Fig.  59,  where 
it  is  seen  that  a  corrugated  vessel  actually  exposes  about  twice  as  much 
surface  to  the  heat  as  a  flat-bottomed  vessel  of  the  same  diameter. 

In  the  same  way  a  liquid  will  evaporate  more  readily  in  a  rough  vessel 
than  in  a  very  smooth  one.  For  this  reason  in  boiling  water  for  domestic 
purposes  a  rough  iron  kettle  is  preferred,  as  the  roughness  of  the  utensil 
acts  the  same  as  does  the  corrugated  bottom  of  the  typical  evaporating 
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vessel  mentioned  above.  The  external  roughness  and  lack  of  luster  of 
the  vessel  is  also  a  contributing  factor,  inasmuch  as  finely  polished  exter- 
nal surfaces  act  as  reflectors  of  heat  as  well  as  light,  actually  throwing  off 
the  heat  instead  of  transmitting  it  to  the  interior;  hence,  the  making  of 
boilers  and  kettles  with  rough  and  dark  exteriors. 

£va{K>ration  Below  the  Boiling-point. — While  in  this  case  of  evapora- 
tion more  attention  is  paid  to  the  surface  exposed  to  the  air  than  to  the 
surface  exposed  to  the  heat,  and  the  two  usually  resolve  into  the  same 
thing,  because  in  obtaining  the  largest  surface  exposed  to  the  air  we  use  a 
shallow  vessel,  even  as  we  do  in  attempting  to  increase  the  surface  ex- 
posed to  the  heat. 

The  pharmaceutic  application  of  evaporation  below  the  boiling- 
point  is  generally  limited  to  the  desiccation  of  substances  and  the  evapo- 
ration of  liquids  which  are  apt  to  be  decomposed  when  heated  on  a  wire 
gauze,  and,  therefore,  directed  to  be  heated  on  a  water-bath.  While 
a  water-bath  itself  has  the  temperature  of  100°C.,  it  never  transmits 
that  heat  to  the  substance  placed  on  same.  The  actual  temperature  of  a 
liquid  heated  on  a  water-bath  is  usually  from  90°  to  95°C.,  the  sur- 
rounding air  causing  that  much  loss  of  heat  when  transmitted  from  the 
water-bath  to  the  substance.  For  this  reason  an  aqueous  liquid  cannot 
be  made  to  boil  on  an  ordinary  water-bath  and,  therefore,  the  evapora- 
tion of  such  aqueous  Hquid  on  a  water-bath  is  rather  a  tedious  matter. 
The  evaporation  can  be  facilitated  by  constant  stirring,  this  stirring  pro- 
ducing the  same  effect  on  the  liquid  as  the  corrugated  bottom  of  the 
evaporating  dish  mentioned  above,  by  increasing  the  extent  of  surface 
exposed  to  the  heat.  Stirring  the  liquid  produces  waves  thereon,  and  as 
a  wave  in  its  ideal  sense  represents  a  corrugation,  it  means  an  increased 
surface  exposed  to  the  air.  To  attempt  to  evaporate  an  aqueous  solu- 
tion on  a  water-bath  without  constant  stirring  is  practically  impossible. 

In  some  cases  Uquids  are  evaporated  without  recourse  to  any  ordi- 
nary heat,  that  is,  at  the  ordinary  temperature,  and  such  is  called  spon- 
taneous evaporation. 

Spontaneous  Evaporation. — An  illustration  of  this  is  seen  in  the 
drying  of  clothes  when  the  same  are  spread  to  their  utmost  extent  and 
suspended  from  Unes,  thus  increasing  the  surface  exposed  to  the  air. 
AppUcations  of  this  principle  are  comparatively  limited  in  pharmacy,  as 
in  most  cases  the  ordinary  sources  of  heat  are  generally  cheap  enough  to 
permit  their  use  in  evaporation. 

Two  cases,  however,  in  which  spontaneous  evaporation  is  used  com- 
mercially may  be  cited.  In  the  first  case,  in  Germany,  salt  is  extracted 
from  mineral  waters  by  this  process  with  profit,  where  evaporation  with 
ordinary  fuel  would  not  pay.  In  such  process  the  water  is  allowed  slowly 
to  trickle  through  wooden  frames  about  thirty  feet  high  and  many  feet 
long,  fiUed  with  straw  and  twigs.  This  framework  has  no  sides,  thus 
affording  a  thorough  circulation  of  the  air,  and  as  the  liquid  trickles 
through  the  frame,  enough  of  the  water  is  evaporated  to  cause  it  to  reach 
the  bottom  trough  sujBBciently  concentrated  to  justify  using  heat  for  the 
final  evaporation. 

Another  case  of  spontaneous  evaporation,  applied  commercially, 
is  the  evaporation  of  sea-water  practised  in  Portugal  and  Spain,  where 
direct  solar  heat  is  utilized  for  evaporation. 

In  this  case  the  solution  is  pumped  into  shallow  ponds  and  allowed  to 
stand  exposed  to  the  sun's  rays  for  three  or  four  weeks,  when  sufficient 
evaporation  will  have  occurred  to  start  a  crystallization  of  the  salts. 
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Evaporating  ^paratus. — The  articles  essential  to  evaporation  in 
pharmacy  are  dishes  and  stirring  rods  and  the  appropriate  sources  of 
neat.  Other  apparatus  used  in  the  technic  and  of  advantage  in  pharmacy, 
though  not  essentia,  are  fume  closets  and  hoods,  grommets,  and  the 
very  useful  but  expensive  vacuum  apparatus. 

Evaporating  Dishes. — These  are  made  of  porcelain,  glass,  or  platinum, 
shallow  vessels  of  the  appearance  shown  in  Fig.  60.  For  practical 
purposes  the  porcelain  dish  is  generally  preferred,  being  more  durable 
and  comparatively  inexpensive.  Glass  evaporating  dishes  are  too  fra- 
gile for  continued  use,  and  are  chiefly  used  in  crystallitation.    Platinum' 
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evaporating  dishes  are  used  in  some  chemical  operations,  their  expense 
precluding  general  use. 

In  some  cases  of  evaporating  directions  are  given  to  "reduce"  the 
liquid  "to  a  certain  bulk,"  and  for  this  purpose  graduated  evaporating 
dishes  have  been  introduced  (Fig.  61). 

Instead  of  same,  however,  a  home-made  contrivance  answers  just 
as  well,  and  this  consists  of  a  rod  or  cylinder  of  wood,  measuring  the 
volume  by  marking  same  on  the  stick  (Fig,  62). 

To  avoid  the  necessity  for  these  graduated  evaporating  dishes  the 
United  States  Fharmacopceia  directs  such  evaporations  to  be  conducted 
until  the  Uquid  is  brought  to  a 
definite  weight,  in  which  case 
the  evaporating  dish  is  trans* 
ferred  from  the  source  of  heat 
to  the  scales.  Of  course,  in 
order  to  learn  the  weight  of  the 
liquid  the  weight  of  the  evapor^ 
ating  dish  itself,  "the  tare," 
must  have  been  previously  as- 
certained. It  is  a  good  practice 
to  tare  each  dish  when  obtained, 
and  mark  the  tare  in  lead-pencU 
on  the  outside. 

An  important  point  to  remember  in  the  use  of  an  evaporating  dish 
is  that  same  should  never  be  heated  in  direct  flame,  the  source  of  heat 
b^ng  modified  either  by  use  of  the  wire  gauze  or  by  disks  of  asbestos. 

A  warm  evaporating  dish  should  never  be  placed  directly  on  a  counter. 
If  the  coimter  is  of  wood,  the  heat  may  be  sufficient  to  soften  the  varnish, 
and  if  it  is  of  metal  or  marble,  the  rapid  chilling  of  the  evaporating  dish, 
through  the  difference  in  its  temperature  and  that  of  the  surface  of  the 
counter,  may  cause  a  fracture  of  the  dish.  It  should,  therefore,  be  placed 
on  a  mat,  or,  better,  on  a  "grommd,"  the  latter  consisting  of  a  mbbCT 
ring  the  construction  of  which  is  shown  in  appended  sketch  (Fig.  63). 
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Stirrers. — The  stirring  of  an  evaporating  liquid  is  a  valuable  aid 
to  rapid  evapK>ration;  hence  the  use  of  stirrers.  Their  construction 
depends  on  the  uses  for  which  they  are  intended.  Thus,  in  large  opera- 
tions, such  as  evaporating  infusions  of  drugs  containing  no  acid,  a  large 
tin  spoon  is  as  valuable  as  a  stirrer.  In  other  large  operations,  such  as 
making  syrups,  a  wooden  paddle  answers.    For  the  more  delicate  opera- 


Ti%.  63. — Grommet. 


Fig.  64. — Breaking  glaas  rod. 


tions  of  pharmacy  and  chemistry  glass  rods  are  required,  which  can  be 
obtained  in  various  diameters  from  chemical  apparatus  manufacturers  in 
three-  or  four-foot  lengths,  and  then  can  be  readily  broken  by  scratching 
with  a  file  and  applying  pressure  on  either  side  of  the  scratch,  thus  frac- 
turing same,  as  shown  in  Fig.  64. 

In  cutting  these  stirring  rods  it  is  best  to  make  them  of  such  length 

that  about  two-thirds  will  rest  within  the  con- 
tainer for  which  intended.  If  more  than  a  third 
projects  over  the  outside,  they  are  apt  to  be  top 
heavy.  After  breaking  the  rod  to  the  appro- 
priate length,  the  rough  edge  should  always 
be  smoothed  by  rotating  in  a  Bunsen  flame 
until  slight  fusion  is  effected.  If  the  rough 
edges  are  permitted  to  remain,  there  is  danger 
of  scratching  the  interior  of  the  evaporating 
dish. 


Fig.  6o. — Fuii;e-cloaet. 


Fig.  66. — Hood. 


Fume-closets  and  Hoods. — ^Evaporation  of  a  large  quantity  of  liquids, 
and  particularly  the  evaporation  of  liquids  yielding  disagreeable  or 
corrosive  vapors,  in  a  closed  room  is  objectionable,  and  to  carry  ofif  these 
vapors  fume-closets  and  hoods  have  been  devised.  The  principle  of  these 
two  is  the  same,  both  being  an  inclosed  space  connected  with  a  flue  or 
chimney,  throu^  which  there  is  suflScient  current  of  air  to  draw  off  the 
offensive  vapors.  -The  closet  is  a  large  piece  of  furniture  constructed 
of  wood  and  glass,  and  attached  directly  to  the  wall  (Fig.  66).  For  a  hood 
can  be  utiUzwl  appropriate  lengths  of  stovepipe,  the  lower  end  of  which  is 
arranged  around  a  metallic  dome,  directly  under  which  is  placed  the 
evaporating  liqidd.  Hoods  work  best  if  connected  with  a  suction  pmnp 
(Pig.  66). 
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Vacuum  Apparatus. — The  principle  of  the  operation  of  a  vacuum 
apparatus  having  been  explained,  it  is  necessary  here  merely  to  state 
that  many  oi^anic  substances,  when  evaporated  eveo  at  water-bath 


temperature,  will  dissociate.  Thus,  if  sugar  is  evaporated  even  at  the 
heat  of  100°C.,  the  brown  substance,  molasses,  is  produced  with  accom- 
panying vitiation  of  the  finished  product.     For  all  such  cases  vacuum 


FiK.  88.— Pharme 


Water-tuba;   b. 


Fi(.  rO.— Maoomet. 


evaporation  is  desirable,  and  this  is  performed  in  a  suitable  evaporating 
utensil,  usually  heated  by  the  steam  coil,  and  connected  with  a  dome 
apparatus  which,  in  turn,  is  connected  with  an  appropriate  vacuum 
pump  (Fig,  67).     From  the  illustration  it  will  be  seen  that  the  vacuum 
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pan  is  connected  with  a  worm  condenser  (p.  97),  thus  permitting  the 
recovery  of  the  solvent,  if  it  is  costly.  This  is  usually  the  case  when 
vacuum  evaporation  is  employed  in  pharmaceutical  manufacturing, 
where  it  is  chiefly  used  in  the  concentration  of  alcoholic  percolates,  such 
as  in  making  extracts  (p.  270).  As  seen  in  the  illustration,  the  air  is 
exhausted  by  means  of  a  pump  operated  by  steam-power.  In  the  tech- 
nic  such  evaporating  apparatus  is  largely  used,  and  for  pharmaceutic  and 
chemical  purposes  a  small  and  comparatively  inexpensive  apparatus  of  the 
same  character  has  been  devised  (Fig.  68). 

For  removing  atmospheric  pressure,  any  form  of  air-pump  can  be 
used,  but  usually  in  laboratory  work  the  water  suction  pump  (Fig.  69) 
is  employed.     This  can  be  attached  to  the  ordinary  hydrant,  provided 
the  water  pressure  is  sufficient.     In  this  simple  and  useful  apparatus  the 
rapid  flow  of  the  water  through  a  narrow  point  draws  with  it  the  air  from 
the  tube  and  from  the  connected  aspirator,  and  if  the  water  pressure  is 
sufficient,  a  vacuum  of  17  mm.  can  be  readily  obtained.    By  a  vacuum  of 
17  mm.  is  meant  that  the  height  of  a  column  of  mercury  supported  by 
the  atmosphere  is  reduced  from  760  mm.  to  17  mm.;  the  latter  figure 
therefore,  showing  a  pressure  of  only  ^J^eo  of  ^^^  ordinary  atmospheric 
pressure.     The  indication  of  this  pressure  is  accomplished  by  the  instru- 
ment called  the  manometer.     Some  forms  of  manometer  are  delicate 
apparatus  made  on  the  principle  of  the  steam  gage,  but  for  chemical  work 
a  simple  manometer  consisting  of  a  bent  tube  (Fig.  70)  filled  with  mer- 
cury, and  set  up  against  a  scale,  answers  all  purposes. 

The  simple  form  of  such  vacuum  evaporating  apparatus  is  that  figured 
in  vacuum  distOlation  (p.  103). 

DISTILLATION 

Distillation  is  the  process  of  converting  a  liquid  into  a  gas,  and 
condensing  the  gas  back  into  a  liquid. 

Objects. — In  distillation  we  have  an  admirable  method  of  purif3ring 
volatile  substances.  If  such  a  liquid  contains  impurities  less  volatile 
than  itself,  the  impure  product  is  placed  in  a  still  and  heated,  whereupon 
the  substance  desired  will  distil,  leaving  the  less  volatile  substance 
behind.  In  many  cases  the  foreign  matter  is  water,  in  which  case  dis- 
tillation is  ol  great  value  in  strengthening  the  product  under  considera- 
tion. This  is  particularly  the  case  in  a  separation  of  alcohol  from 
whisky  or  other  alcohoUc  liquors,  which  is  always  accomplished  by  dis- 
tillation. The  liquid  thus  purified  by  distillation  is  called  a  **  distillate.'^ 
In  other  words,  distillation  is  evaporation  of  a  liquid  and  subsequent 
condensation  of  its  vapor.  Evaporation  has  been  described  on  a  pre- 
<^^^S  page,  and  here  it  is  necessary  to  tiu'n  attention  only  to  the  second 
part  of  the  process,  namely,  condensation. 

As  already  learned,  to  convert  a  liquid  into  a  vapor  means  the  expen- 
diture of  considerable  energy,  which  energy  is  obtained  from  a  source  of 
heat,  this  heat  being  converted  into  the  other  form  of  energy — that  neces- 
sary to  keep  the  molecules  of  the  gas  separate  from  one  another — is  no 
longer  indicated  by  means  of  the  thermometer,  and  such  heat  is  called 
"latent."  If  the  converting  of  the  liquid  into  a  vapor  means  the  expen- 
diture of  considerable  heat,  so  in  the  inverse  operation  of  changing  the 
vapor  back  into  a  liquid  an  equal  amount  of  heat  is  given  off.  In  other 
]i»ord8,  heat  is  rendered  latent  in  converting  a  soUd  into  a  liquid  or  a  liquid 
into  a  gas,  and,  in  turn,  latent  heat  is  rendered  sensible  by  changing  gas 
back  to  liquid,  or  liquid  back  to  a  solid  form.    Therefore  to  condense  a 
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vapor  back  to  liquid  form  the  chilling  of  the  vapor  is  necessary,  that  is,  the 
latent  heat  must  be  absorbed  by  being  brought  into  contact  with  a  cool- 
ing agent.  The  converting  of  the  vapor  back  to  the  liquid  form  in  con- 
densing can  be  accomplished  in  many  cases  by  bringing  the  vapor  in 
contact  with  chilled  water. 

The  amount  of  water  required  can  be  figured  out  mathematically,  and  depends  on 
the  temperature  of  the  vapor  and  the  temperature  of  the  water  before  and  after  its  use 
as  a  condensing  agent.  Thus,  1  kilo  of  steam  at  lOO^C.  will  take  23.2  kilos  of  water  at 
20*^0.  for  condensation,  and  the  temperature  of  the  water  after  condensation  will  be 
45°C.,  or  1  kilo  of  steam  at  lOO^'G.  will  take  24  kilos  of  water  at  10°C.,  heating  it  to 
35*^0.  during  condensation. 

The  apparatus  required  for  distillation  consist  pri- 
marily of  a  boiler  J  in  which  the  liquid  is  vaporized,  and 
the  condenser,  in  which  the  vapors  are  chilled  until  they 
are  condensed  to  the  liquid  form.  This  combination  of 
boiler  and  condenser  is  commonly  called  the  stiU,  and 
the  many  forms  of  this  apparatus  which  are  in  use  can 
be  roughly  divided  into  two  classes — the  alembic  form 
and  the  retort  form. 

In  the  alembic  form  the  condensing  apparatus  is 
directly  over  the  boiler,  while*  in  the  retort  form  the  con- 
densing apparatus  is  placed  on  one  side  of  the  boiler,  thus 
not  directly  over  the  source  of  heat.  The  retort  form 
of  a  still  being  more  commonly  used,  it  will  be  discussed 
first. 

Retort  Still. — So  called  because  the  original  form  of 
boiler  for  such  operation  was  the  glass  instrument  call^ 
a  retort,  which  consisted  of  a  glass  flask  with  along  and 
tapering  neck,  bent  at  an  acute  angle.  This  simple  form 
of  retort  is  inconvenient  by  reason  of  the  diflSculty  in 
filling  such  a  retort,  it  being,  of  course,  essential  to  secure 
a  pure  distilled  product  that  the  neck  of  the  retort  through 
which  the  distilling  vapor  passed  should  be  free  from 
impurities. 

Therefore,  the  charging  of  such  a  retort  must  never  be  done  by 
pouring  the  liquid  down  the  neck,  but  the  liquid  must  be  introduced  into 
the  bowl  of  the  retort  by  means  of  a  funnel  with  a  long  tube  connected 
therewith  (Fig.  71). 


Fig.  71. — Charging 
plain  retort. 


Fig.  72.~Retorts:  a.  Tubulated:  6,  plain. 

Of  greater  convenience  is  the  tubulated  retort,  the  use  of  which  is 
strongly  urged  in  preference  to  the  plain  form.  In  purchasing  such  a 
retort  be  sure,  however,  that  the  tubulure  is  correctly  placed,  namely, 
directly  over  the  bottom  of  the  bowl,  for,  if  the  tubulure  is  placed  other- 
wise, there  is  danger  of  spattering  the  neck  of  the  retort  with  the  impure 
liquid  when  it  is  poured  in  (Fig.  72). 
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For  the  purpose  of  insuring  the  cleanliness  of  the  neck  of  the  retort 
care  should  be  taken  to  select  such  having  an  acute  bend.  In  retorts 
iivhere  the  bend  is  round  rather  than  acute,  there  is  always  danger  of 
some  of  the  Uquid  being  drawn  over  the  bend  by  capillary  attraction 
ixito  the  neck  of  the  retort.  Retorts  formerly  had  extended  use,  but 
at  present  they  are  in  less  demand  and  have  been  largely  replaced  by 
the  more  convenient  and  simple  instrument,  the  distilUng  flask  (Fig.  73), 


Fig.  73. — Flask  disUUation. 

which  consists  of  a  chemical  flask  of  required  size,  provided  with  a  cork 
stopper  through  an  orifice  of  which  passes  a  piece  of  bent  glass  tubing. 
In  many  cases  a  second  hole  is  bored  through  the  cork  for  the  insertion  of 
a  thermometer.  Details  of  fitting  the  connections  will  be  given  later.  A 
more  compact  form  of  distilling  flask  for  small  operations  is  shown  in  the 
illustration  here  given  (Fig.  75). 


Fie.  74. — A  aimple  distilling  appiaratus. 


Fig.  75. — Glass-stoppered  distilling  flask. 


Condensers. — ;The  condenser  is  the  part  of  the  apparatus  in  which  the 
vapors  are  converted  into  a  liquid,  and  consists  of  an  appropriate  con- 
tainer which  can  be  kept  cooled  by  means  of  ice  or  nmning  water. 

The  simplest  form  of  condenser  is  a  receiver,  which,  in  many  cases, 
consists  of  a  chemical  flask  resting  within  a  basin,  in  which  water  or 
ice  can  be  placed.  The  more  elaborate  forms  of  receivers,  the  tubulated 
and  quilled,  are  shown  in  Fig.  76. 

The  receiver  is  the  only  form  of  condenser  necessary  for  liquids 
boiling  above  150°C.,  in  which  case  the  temperature  of  the  atmosphere 
is  sufficiently  below  the  temperature  of  the  boiUng  Uquid  to  permit  its 
use  for  condensing  purposes.    In  most  cases,  however,  it  is  usual  to  have 
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the  receiver  immersed  in  water,  as  mentioned  above.  In  distilling  liquids 
boiling  below  ISO^C,  such  as  water  or  alcohol,  the  air  is  not  sufficiently 
cool  to  act  as  a  perfect  condenser,  and  in  such  cases  cold  water  is  usually 
substituted,  it  being  convenient  to  arrange  a  continuous  stream  of  water 
by  connecting  the  condenser  with  a  hydrant.  In  cases  where  a  hydrant  is 
not  convenient,  a  stream  of  running  water  can  be  maintained  by  placing 
the  water  in  a  container  several  feet  above  the  condenser,  and  maintaining 
a  continuous  stream  over  the  condenser  by  means  of  the  syphon.  In  such 
cases  of  water  condensation,  preference  is  usually  given  to  the  Liebig 
condenser. 


Fig.  76. — Reoeivera:  a,  Tubulated;  b,  quilled. 

Liebig  Condenser, — This  consists  of  a  long  glass  tube  which  is  connected 
with  the  boiler,  be  it  a  retort  or  flask,  thus  affording  passage  to  the  vapor 
arising  from  the  boiler.  Surrounding  this  glass  tube  is  a  second  tube, 
either  of  glass  or  metal,  through  which  passes  a  stream  of  cold  water 
(Fig.  77). 

In  the  typical  form  of  Liebig  condenser  the  outer  glass  tube  has 
soldered  thereto  ingress  and  exit  tubes,  and  both  ends  of  the  cylinder  are 
tapered  so  that  the  joint  between  the  inner  glass  tubes  and  the  condensing 
cylinder  is  made  water-tight  by  means  of  rubber  tubing. 

Such  condenser,  while  handsome,  is  rather  fragile,  because  the  pro- 
jecting ingress  and  exit  tubes  are  apt  to  be  broken  off,  with  resulting 
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Fig.  77. — ^All-glass  Liebig  condenser. 

fracture  of  the  glass  cylinder.  Therefore,  of  far  more  practical  use  is 
the  simple  home-made  condenser,  consisting  of  a  central  glass  tube 
passing  through  two  corks,  which  effectually  close  the  outer  cylinder  of 
uniform  caliber.  Through  each  of  these  corks  passes  an  ordinary  piece  of 
glass  tube,  which  serves  as  an  entrance  and  exit  tube  for  the  water 
(Fig.  78). 

In  this  case  the  outer  cylinder  can  be  made  either  of  glass  or  metal,  and 
a  very  effective  form  of  condenser  can  be  made  by  using,  as  the  outer 
cylinder,  the  ordinary  tinned  iron  plaster  box. 

Should  the  condensing  tube  become  dirty,  it  can  be  washed  with  soap 
and  water  and  scrubbed  by  passing  through  the  tubes  a  plug  of  cotton 
attached  to  a  stick  or  rod. 
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The  only  objection  to  the  condenser  just  described  is  that  the  con- 
densing tube,  in  order  to  be  effective,  must  be  of  considerable  length,  say 
three  or  four  feet,  and  accordingly  occupies  considerable  space  when  the 
apparatus  is  set  up.     In  large  processes  of  distillation,  such  as  the  manu- 


Fis.  78. — Corked  Laebig  condenser. 

facture  of  alcohol,  a  much  longer  condensing  surface  is  required,  and  to 
make  an  effective  straight  condenser,  taking,  say,  thirty  feet,  is  hardly  to 
be  considered  by  reason  of  the  space  it  would  necessarily  occupy. 

This  gave  rise  to  a  modification  which  answers  the  double  requirement 
of  occupying  small  space  and  of  affording  a  large  condens- 
ing surface. 

The  Condensing  Worm. — This  consists  of  a  tube  of 
glass  or  metal  (usually  block  tin),  twisted  into  a  spiral  and 
fitting  into  a  vessel  through  which  water  can  circulate  freely. 
Such  form  of  worm  is  used  for  all  the  large  processes  of 
distillation,  such  as  obtaining  alcohol  and  alcoholic  liquors 
and  distilling  volatile  oils.  The  objection  to  the  worm,  from 
the  pharmaceutic  standpoint,  is  due  to  the  fact  that  its 
spiral  form  renders  a  thorough  cleaning  very  difficult. 

In  technical  operations  a  worm  is  used  continually  for 
the  distillation  of  one  substance,  in  which  case  a  thorough 
cleaning  is  rarely  needed,  and  this  is  accomplished  by  running 
water  and  other  appropriate  solvent  through  the  tube. 
A  combination  of  worm  and  Liebig  condenser  is  shown  in 
Fig.  79,  it  has  value  in  a  well-equipped  organic  laboratory, 
but  is  of  little  use  in  pharmacy  because  of  difficulty  of 
cleaning. 

DistQling  Appliances. — In  performing  distillation  with  flask  or  retort 
and  condenser,  the  fitting  of  the  apparatus  is  a  matter  of  considerable 
skill,  and  requires  appliances  not  yet  mentioned. 

Glass  tubing  is  usually  needed  to  complete  the  connections,  and  a  stock 

of  good  tubing  should  be  at  the  disposal  of 
every  pharmacist,  and  with  the  manipula- 
tion of  same  he  should  be  thoroughly 
acquainted.  Such  tubing  comes  in  lengths 
of  three  or  four  feet,  and  can  be  easily 
broken  into  required  lengths  in  the  same 
way  as  glass  rods,  and,  as  in  the  case  of 
glass  rods,  the  edges  should  always  be 
rounded  by  holding  in  a  flame. 

In  bending  glass  tubing  best  results 
are  obtained  by  first  grasping  one  end, 
holding  the  tube  over  a  fish-tail  flame  in 
such  way  that  the  end  held  by  the  hand  is  nearer  the  flame  than  is  the 
other  end.  Rotating  in  the  flame  is  not  necessary,  for,  when  sufficiently 
softened,  the  tube  bends  by  its  own  gravity,  and  a  round,  smooth  curve 
is  obtained  (Fig.  80). 

7  • 


Fig.  79.— Spind 
condenser. 


F1c>  SO. — Bending  tubing. 
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The  glass  tube  bent,  the  same  must  be  inserted  through  the  cork, 
which  means  that  the  holes  must  first  be  bored  through  the  cork.  This 
is  done  either  by  a  rat-tail  file  (Fig.  82)  or  by  a  cork-borer,  a  set  of 
hollow  brass  tubes  with  lower  end  sharpened  (Fig.  SI),  and  the  latter 
does  the  work  so  much  more  neatly  that  its  use  is  strongly  recom- 
mended. 

To  hold  the  condenser  and  the  flask  in  place,  we  use  clamps  attached 
to  a  retort  stand,  a  piece  of  apparatus  of  great  value  in  all  the  operations 
described  in  this  chapter,  consisting,  as  it  does,  of  support  with  clamps 
for  condensers  and  rings  for  holding  dishes  during  evaporation  or  per- 
colators or  funnels  (Fig.  83).  In  the  absence  of  such  a  stand  the  ingeni- 
ous and  economic  pharmacist  can 
easily  make  an  appropriate  holder  for 
his  condenser  from  a  wooden  box,  as 
shown  in  Fig.  84. 

In  connecting  the   condenser    with 
the    water    mains,    rubber    tubing    is 


Pig.   81. — Cork-borcra 

(nested). 


Fig.  82.— Rat-tail  file. 


Fig.  83. — Retort  stand. 


essential,  and  very  convenient  for  regulating  the  flow  of  water  are 
the  pinch-^ocks  which  slip  over  the  tubes  and  which  can  be  opened  or 
closed  as  shown  in  Fig.  85. 

In  making  the  connections  between  retort  and  condenser,  rubber 
tubing  is  equally  useful,  although  in  processes  requiring  careful  dis- 
tillation contact  of  the  vapor  with  rubber  tubing  should  be  avoided 
as  much  as  possible,  in  all  cases  it  being  advisable  to  have  the  glass 
tube  from  the  retort  introduced  into  the  condensing  tube  (Fig.  86). 
The  neck  of  most  large  retorts  is  usually  larger  than  the  opening  of  the 
condensing  tube,  and  in  such  case,  in  order  to  avoid  recourse  to  direct 
rubber  connections,  adapters  are  used,  these  consisting  of  tapering  glass 
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tubeB  which  complete  the  "all-glass"  connections  between  the  retort 
and  the  condenser.  For  adapters  nothing  is  better  than  the  neck  of  a 
broken  retort  (Fig.  87). 


Flf .  84. — Boi  eoadtDMr  faalihr. 


Id  some  caaes  of  distillation  care  must  be  taken  to  prevent  tlw  pres- 
sure of  the  vapor  from  producing  a  fracture  of  the  distilling  apparatus, 
or  even  explosions,  and  for  such  purpose  safety  tubes  or  funnels  are  used, 


FS«  85-— Pinch- 


as  seen  in  Fig.  88.  Those  used  in  chemistry  consist  of  a  bent  thistle 
funnel,  in  the  elbow  of  which  a  few  globules  of  mercury  are  placed,  thus 
producing  sufficient  pressure  to  prevent  a  needless  escape  of  the  vapor, 


Rs.  86. — nttinc  nlort  to  coodeiuer:  a,  Flinted 


but  being  thrown  up  into  the  thistle  bulb  when  the  pressure  within  the 
flask  becomes  dangerous. 

Bumping. — This    phenomenon    is    a    disagreeable    accompaniment 
of  many  cases  of  distillation  occurring  in  a  £isk.     In  some  cases  the 
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liquid  does  not  boil  steadily  under  application  of  heat,  but  at  times 
the  ebullition  ceases  for  a  few  moments,  then  suddenly  resumes,  with  a 
force  sufficiently  explosive  to  cause  a  spattering  of  the  liquid,  if  not  a 
fracture  of  the  flask. 

Bumping  occurs  chiefly  with  heavy  and  somewhat  viscid  liquids, 
which  cause  a  retention  of  generated  steam  until  a  sufficient  quantity 
has  been  formed  to  force  its  way  through  the  opposing  medium. 

To  eliminate  this  phenomen,  which 
very  frequently  spoils  a  tedious  distilla-  ^ 

tion  by  spattering  some  of  the  impure  ^R 

liquid   into  the  condenser,  and  thence  ^|p 

into  the  distillate,  means  to  distribute 
the  heat  imiformly,  and  the  insertion 
of    pieces    of   pumice-stone,    glass,    or 


( 


c 
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platinum  has  been  suggested.  None  of  these,  however,  answers  as  well 
as  the  maintaining  of  a  minute  ciu'rent  of  steam  or  air  through  the  dis- 
tilling liquid. 

Alembic  still  is  that  form  in  which  the  condenser  is  directly  over 
the  boiler,  and  while  the  liquid  distils  more  slowly  in  the  alembic  than 
in  the  retort  form,  it  gives  a  purer  distillate,  as  there  is  no  danger  of  any 
of  the  liquid  being  carried  over  mechanically.  A  gpod  conunercial  type 
of  this  form  of  still  is  the  Phoenix  condenser  (Figs.  90  and  91). 

Modifications  of  Distillation. — Fractional  distiUation  is  the  method 
used  for  separating  a  mixture  of  several  liquids  of  different  boiling- 
points.  Assuming,  for  example,  we  have  a  mixture  of  ether,  boiling- 
point  35**C.,  chloroform,  boiling-point  61°C.,  and  alcohol,  78°C.,  it 
seems  easy  to  separate  them  by  placing  in  a  flask  connected  with  a  con- 
denser and  having  a  thermometer  inserted  in  its  neck,  and  gradually 
applying  heat.  When  the  temperature  of  37°  is  attained,  the  ether 
should  all  distil  over  and  be  collected.  Raising  the  temperature  to  61°, 
that  portion  should  all  distil  over  and  be  collected  in  a  separate  container, 
and,  lastly,  by  raising  the  temperature  to  78°,  the  residue,  which  should 
consist  entirely  of  alcohol,  should  distil  over  and  be  collected.  However, 
the  process  is  by  no  means  as  simple  as  this,  for  the  reason  that  while  it  is 
true  a  lic^uid  does  not  boil  imtil  a  certain  temperature  is  attained,  the 
vaporization  of  that  liquid  occurs  at  temperatures  other  than  its  boiling- 
point,  and,  accordingly,  the  first  distillate  we  obtain  contains  alcohol, 
chloroform,  and  ether,  and  likewise  the  second  and  third  distillates  con- 
tain some  traces  of  ether,  which  had  not  been  fully  vaporized  at  the  lower 
boiling-point. 

Therefore,  in  order  to  carry  out  the  distillation  thoroughly,  it  is 
necessary  to  take  the  three  distillates  we  have  obtained  and  redistil 
them,  and  experience  has  shown  that  a  second  repetition  of  the  experi- 
ment will  finally  yield  products  which  are  practically  chemical  entities. 
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This  process  of  repeated  fractional  distillation  is  lai^ely  used  in 
chemistry,  although  scarcely  at  all  in  the  ordinary  pharmaceutic  opera- 
tions. By  this  means  we  are  able  to  separate  the  volatile  oils  into  their 
many  constituents,  and  the  same  process  is  used  for  the  separation  and 
purification  of  the  petroleum  products. 

Upright  Condensaium. — In  some  chemical  and  pbannaceutic  processes 
it  is  found  necessary  to  warm  the  substance  for  several  hours  with  alcohol. 
To  do  this  in  free  contact  with  air  is  an  expensive  undertaking,  as  alcohol 
evaporates  very  freely  and  would  therefore  pass  into  the  atmosphere  and 
be  lost. 


Fit-  SO. — Qnph  ot  aloohol  diitilUtioD. 

Phinaeal  chemists  luve  shown  that  the  problem  concerns  the  tension  of  the  mixed 
vapor  snd  they  have  been  able  to  plot  out  curves  showing  the  succeeaive  boiling- 
pomtsof  such  mixtures.  Fig.  89  shows  the  "graph"  for  alcohol  and  water  mixtures. 
Checking  up  the  dots  on  or  near  the  curve,  we  find  that  when  the  thermometer  in  the 
uroer  part  of  the  still  (not  immersed  in  the  liquid)  registers  82°,  the  strength  of  the 
ateohoUc  distillate  is  78.5  per  cent,  that  when  the  temperature  is  85°  the  alcoholic 
strength  is  72.4  per  cent.;  that  when  the  temperature  is  91°,  the  alcoholic  strength  is 
S3  per  cent. ;  that  when  it  ia  100°,  the  alcoholic  strength  is  0.0  per  cent.  In  the  same 
w*y  the  twdve  other  readings  can  be  readily  deduced  from  the  chart. 

To  pennit  economy  in  alcohol  and  similar  valuable  liquids,  upright 
condensation  has  been  devised.  This  consists  (Fig.  92)  of  arranging 
the  condenser  in  such  relation  to  the  flask  that,  as  the  vapors  of  the  alcohol 
rise  and  are  condensed,  they  Etre  immediately  dropped  back  into  the  flask, 
and  by  this  means  it  is  possible  to  keep  alcohol  at  the  boiling-point  for 
weeks  at  a  time  without  apparent  loss.  A  form  of  upright  condensatioD, 
in  which  the  mixture  is  heated  in  tin  canister  provided  with  a  cork, 
through  the  hole  of  which  passes  a  long  glass  tube,  is  directed  is  the  offi- 
dal  method  for  making  tincture  of  cantharides. 
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A  compact  form  of  upright  condenser  is  that  devised  by  Soxhlet. 
This  consists  of  two  metallic  hemispheres,  the  inner  one  communicating 
with  the  flask  in  which  the  liquid  is  heated,  and  the  outer  one  with  the 
water-supply;  therefore,  corresponding  to  the  inner  and  outer  tube  of  the 
Liebig  condenser  respectively  (Fig.  93). 

Some  processes  of  distillation,  as  in  the  extraction  of  the  volatile 
principles  of  drugs,  are  largely  performed  by  intimately  mixing  the  source 
of  the  volatile  sul^tance  with  water  contained  in  the  boiler,  and  heating 
both  together,  whereby  the  water  and  volatile  constituents  of  the  drug 
are  volatilized  and  pass  into  the  condenser,  where  they  are  liquefied 
and  separated,  the  oil  usually  being  immiscible  with  water. 

Such,  for  example,  is  the  method  whereby  oil  of  peppermint  is  ob- 
tained from  the  herb,  and  in  all  such  cases  of  distillation  care  must  be 
exercised  to  prevent  the  herb  from  coming  in  direct  contact  with  the 
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bottom  of  the  vessel,  the  greater  heat  of  which  is  apt  to  cause  a  partial 
charring  of  the  organic  drug,  with  subsequent  decomposition  of  same, 
giving  rise  to  the  disagreeable  tarry  odor  called  " empyreuma,"  This 
decomposition  is  obviated  by  preventing  the  drug  from  resting  on  the 
bottom  of  the  boiler,  either  by  suspending  the  drug  in  an  appropriate 
cloth,  bag,  or  sack,  or  by  having  a  still  with  a  wire  basket,  such  as  is 
shown  in  the  picture  of  the  Remington  still  (p.  103). 

Far  better  is  the  protection  of  the  drug  accomplished  in  the  process 
of  steam  distiUalion,  which  consists  in  generating  the  steam  in  an  appro- 
priate tin  can  provided  with  safety  tube,  and  passing  the  steam  thus 
generated  into  the  flask  or  can  containing  the  drug,  and  an  appropriate 
quantity  of  water  (Fig.  94). 

Through  this  the  steam  passes,  carrying  the  volatile  constituents 
of  the  herb  into  the  condenser,  where  both  become  fluid. 
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Destructive  Distillation. — In  other  pharmaceutic  processes  the  de- 
composed products  of  the  substances  heated  are  desired.  In  some  cases 
the  substance  is  placed  in  a  large  iron  retort  and  heated  strongly, 
whereby  the  substance  is  decomposed  and  the  volatile  decomposition 
products  pass  over  and  are  condensed  by  appropriate  means.  Such 
condensation  is  used  in  the  destructive  distillation  of  wood,  whereby 
we  obtain  the  valuable  commercial  products,  wood  alcohol,  acetone, 
and  acetic  acid.     (See  p.  586.) 

Vacuum  Distillation. — As  mentioned  on  p.  92,  evaporation  is  facili- 
tated by  removing  air-pressure  from  vessel  where  the 
evaporation  occurs,  and  at  that  place  details  for 
large  operations  of  that  character  were  given.  In 
the  chemical  laboratory  small  operations  of  evapora- 
tion and  condensation  can  be  readily  accomplished 
in  the  apparatus  shown  in  Fig.  95,  which,  it  will  be 
seen,  consists  of  two  distilling  flasks  connected  by 
air-tight  rubber  corks.  One  of  the  flasks  acts  as  the 
boiler,  while  the  other  serves  as  condenser,  and  to 
the  exit-tube  of  the  latter  is  fitted  the  outer  tubing 
connecting  with  the  vacuum  pump  (p.  93). 

In  the  neck  of  the  flask  acting  as  the  boiler  is 
fitted  a  rubber  cork,  through  the  orifice  of  which 
passes  a  glass  tube  drawn  to  a  capillary  point. 
The  outer  end  of  the  tube  is  fitted  with  a  piece  of 
rubber  tubing  which  is  opened  and  closed  by  means 
of  a  pinch-cock.  The  object  of  this  tube  is  to 
permit  egress  of  sufficient  air  to  prevent  bumping; 
and  if  the  temperature  of  the  distillation  is  to  be 
observed,  the  thermometer  is  inserted  in  the  tube. 

The  condenser  is  chilled  by  a  stream  of  running 
water,  while  the  boiler  is  heated  by  means  of  a  Bunsen 
burner,  with  or  without  water-bath. 

Special  Stills. — As  mentioned  above,  the  word 
"still"  is  usually  applied  in  the  technic  to  a  piece  of 
apparatus,  made  of  metal,  consisting  of  boiler  and 
condenser,  and  the  varieties  of  these  special  stills 
are  so  numerous  that  space  forbids  more  than  men- 
tion of  a  few  of  the  typical  forms. 

One  of  the  most  popular  is  the  old-fashioned 
still  with  condensing  worm,  and,  besides  this,  men- 
tion may  be  made  of  Pluenix  pharmaceutic  con- 
denser (Fig.  90),  which  is  of  the*  alembic  form; 
the  Curtrnan  still  (Fig.  96),  which  is  a  combination 
of  the  alembic  and  retort  form,  and  the  Remington 
still,  in  which  the  condenser  occurs  in  a  modified 
form  of  the  Liebig  condenser  (Fig.  97). 

A  noteworthy  feature  in  the  Remington  still  is  the  arrangement  of 
the  condenser  with  seven  parallel  tubes  placed  in  the  same  outer  cylinder, 
on  a  principle  akin  to  the  tubular  boiler.  This  modification  gives  a  very 
extensive  condensing  surface  in  a  comparatively  compact  form  (as  in  a 
condensing  worm),  and  possesses  the  advantage  over  the  condensing 
worm  that  all  tubes  are  straight,  hence  can  be  easily  cleaned.  This  still 
is  provided  with  a  wire  basket  in  which  the  drug  desired  to  be  distilled 
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can  be  placed,  thereby  preventing  contact  with  the  bottom  of  the  boiler 
and  the  consequent  empyreuma. 

Stokes  has  devised  an  automatic  wall  apparatus  that  distils  }4,  gallon 
of  water  per  hour  with  the  consumption  of  10  cubic  feet  of  gas 
while  Sargent  has  constructed  ar^  electric  water-still  distilling  4.5 
liters  of  water  per  hour  with  the  use  of  a  110-volt  current  (Fig.  98). 

The  Jjloyd  stiU  and  concentrator  works  upon  the  principle  that  evaporation 
occurs  rationally  from  the  surface  of  a  liquid,  and  that  it  is  unnecessary  to  keep  the 
contents  of  a  stiU  or  an  evaporator  heated  during  the  process.  If  the  heat  be  applied 
to  the  surface  of  a  liquid,  the  menstruum  is  instantly  separated  from  the  dissolved 
matters,  which,  dropping  down  into  the  still,  are  immediately  cooled,  and  remain 
cool  until  the  end  of  the  operation.  By  automatically  conducting  a  percolate  to 
the  heated  surface^  the  distillate  being  conducted  back  upon  the  dni^  in  the  percola- 
tor, continuous  distillation  and  percolation  result.  The  application  of  the  heat 
b  instantaneous,  whether  the  amount  of  drug  worked  be  large  or  small.  By  this 
method  the  most  delicate  organic  structures  are  preserved  in  solutions  where  a  pro- 
longed boiling  would  dissociate  and  destroy. 

SUBLIMATION 

This  is  the  process  of  distilling  a  solid;  of  converting  the  solid  into 
a  vapor,  and  condensing  the  vapor  back  to  a  solid. 
.  We  generally  term  a  solid  that  can  be  converted  into  a  vapor  "a 
volatile  solid,"  but  it  is  a  question  whether  the  latter  phrase  should  not 
be  limited  to  a  solid  which  volatilizes  at  ordinary  temperatures,  such  as 
iodine  or  camphor.  Sulphur  can  be  sublimed  if  heated  to  448°C.;  but 
it  can  scarcely  be  considered  as  a  volatile  substance. 

A  comparison  of  the  three  stages  of  the  process  shows  how  closely 
akin  is  the  process  to  distillation: 

Distillation Liquid-gas-liquid. 

Sublimation Solid-gas-solid. 

The  object  of  sublimation,  like  distillation,  is  to  obtain  a  volatile  drug 
in  a  purer  form.    "Sublimation  is  also  one  method  of  obtaining  crystals. 

As  the  apparatus  employed  in  distillation  was  one  of  two  types,  so 
in  sublimation  the  operation  is  carried  on  in  apparatus  of  either  the  alem- 
bic or  the  retort  type. 

If  the  vapors  are  condensed  directly  over  the  vaporizing  substance, 
if  the  condenser  is  but  little  cooler  than  the  temperature  of  vaporization, 
the  sublimate  will  form  in  a  solid  mass — ^a  cake  svblinuUe.  If,  on  the 
other  hand,  the  condensing  space  is  on  one  side,  hence  considerably  cooler 
than  the  vessel  in  which  the  substance  is  vaporized,  we  get  a  fine  powder 
— a  powdered  sublimate. 

No  artificial  means  of  refrigeration  are  needed  in  sublimation,  the  air 
being  sufficiently  cool  to  condense  the  vapor  into  a  solid  form. 

Several  of  the  official  sublimed  substances  can  spontaneously  change 
from  a  solid  to  a  gas,  without  assuming  the  intermediate  form  of  a  liquid. 
This  can  be  noticed  in  any  bottle  in  which  camphor  has  been  kept,  where 
handsome  crystals,  products  of  spontaneous  sublimation,  can  be  found  in 
the  upper  part  of  the  bottle. 

Benzoic  acid  is  another  volatile  official  that  sublimes  to  crystals.  Not 
so,  however,  with  the  shining  fiakes  of  resublimed  iodine,  which  are  some- 
times wrongly  called  crystals.  Iodine  is  amorphous,  as  we  will  learn 
when  we  take  up  crystallization. 

Apparatus.— Since  in  sublimation  the  condensation  is  usually  effected 
at  the  temperature  of  the  air,  the  apparatus  used  in  the  process  is  very 
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simple,  but  similar  to  distillation  in  possessing  the  boiler  part  and  the 
condensing  part. 

In  small  operations  the  alembic  subliming  apparatus  consists  of  a 
dish  covered  with  a  cornucopeia  of  paper,  or  with  a  glass  funnel  terminat- 
ing with  a  wide-mouthed  bottle  (Figs.  99  and  100),  while  when  powdered 
sublimates  are  desired,  an  ordinary  retort  is  used  as  the  boiler,  and  a 
wide-mouthed  bottle  as  condenser  (Fig.  101). 

In  the  sublimation  of  large  quantities  of  chemicals  the  apparatus  is 
usually  of  cast  iron,  the  condenser  consisting  either  of  the  cast-iron  dome 
over  the  retort,  or  a  well-cooled  room  into  which  the  neck  of  the  retort 
projects.  Apparatus  of  the  first  kind  (Fig.  102)  is  used  for  the  sublimation 
of  such  cake  sublimates  as  ammonium  chloride;  whereas  the  apparatus 
of  the  second  kind  is  used  for  the  sublimation  of  sulphur  and  the  Uke, 
where  a  powder  is  desired. 

DESICCATION 

Desiccation  is  a  process  of  removing  water  from  a  substance  at  moderate 
temperature,  thus  differing  from  exsiccation,  which  means  removing  the 
water  from  a  substance  at  high  temperatures. 

Desiccation  is  one  of  the  most  commonly  applied  processes  in  domestic 
economy.  For  example,  it  would  be  perfectly  correct  to  call  the  drying 
of  a  wet  cloth  by  exposing  it  to  air  and  sunlight  "desiccation." 

Objects. — Desiccation  is  employed  to  aid  in  the  preservation  of  the 
drug;  to  reduce  the  bulk  of  same;  and  to  facilitate  comminution. 

That  the  drying  of  a  substance  aids  its  preservation  by  preventing  the 
formation  of  mold  is  a  fact  well  established,  it  being  generally  known 
that  when  most  organic  substances  are  allowed  to  remain  in  a  permanently 
moist  condition,  moldiness  and  ultimate  decomposition  result. 

It  is  a  fact  worthy  of  the  pharmacist's  attention,  inasmuch  as  it  is 
a  dictum  .that  it  is  only  a  damp  substance  which  becomes  moldy,  and, 
therefore,  mold  can  be  prevented  by  keeping  the  substance  in  a  dry  place. 

Bourquelot  has  shown  that  simpler  desiccation  of  'plants  does  not  wholly  prevent 
deterioration,  since  drying  at  ordinary  temperatures  does  not  destroy  the  oxidizing 
enzymes.  (See  Chap.  LI.)  These  can  be  destroyed  only  by  submitting  the  plant  to 
higher  heat  and  pr^erably  to  heated  alcohol  vapors. 

Another  phase  of  desiccation  is  the  keeping  dry  of  those  drugs  like 
ergot  which  are  prone  to  absorb  moisture  from  the  air.  The  fifth  edition 
of  the  German  Pharmacopoeia  directs  that  such  drugs  be  kept  in  ves- 
sels over  freshly  burnt  lime  and  several  types  of  drug  closets  and  canisters 
have  been  devised  for  this  purpose. 

That  desiccation  reduces  the  bulk  of  a  substance  can  be  shown  in  the 
drying  of  fresh  herbs.  Fresh  herbs  contain  from  70  to  80  per  cent,  mois- 
ture, therefore  the  dry  drug  will  weigh  only  about  one-fifth  of  the  frese 
drug,  and  will  occupy  a  much  smaller  space.  The  presence  of  moisture 
in  a  fresh  drug  renders  it  practically  impossible  to  reduce  same  to  powder, 
and  if  attempted  by  pounding  the  fresh  drug  in  the  mortar,  a  pulp  results; 
hence  it  is  given  as  a  third  object  of  desiccation  that  the  process  facilitates 
comminution. 

Desiccation  is  not  merely  the  drying  of  the  fresh  herbs,  but  means 
the  removal  of  moisture  from  any  drug;  for  example,  if  a  chemical,  like 
potassium  acetate,  absorbs  moisture  and  becomes  liquefied,  there  is  no 
need  of  throwing  away  the  liquid  mass,  since  by  applying  a  gentle  heat  to 
the  substance,  the  moisture  will  be  eliminated  and  the  dry  chemical 
obtained. 
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In  the  same  way,  in  making  such  pharmaceuticals  as  pills  or  lozenges, 
the  freshly  finished  compound  will  be  moist,  and  before  putting  same 
away,  they  should  be  freed  from  this  moisture  by  desiccation.     If  such 
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pillB  or  lozenges  are  put  away  before  completely  dry,  they  will  become 
moldy. 

^tparatos  used  in  desiccation  is  as  varied  as  the  different  chacacter- 
iatica  of  the  subjects  to  be  desiccated.  Thus  iu  drying  the  herbs  no  ap- 
paratus is  needed  other  than  stout  gunny  bags,  which  are  suspended  m 
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places  having  free  access  to  air.  In  the  smaller  desiccationa  performed 
in  laboratories  several  forms  of  apparatus  are  used.  Among  these  men- 
tion may  be  made  of  drying  closets  (Fig.  103),  which  consist  of  a  cupboard, 
similar  to  a  fume-closet,  and,  like  it,  having  access  to  a  Que,  but  arranged 
with  a  source  of  heat,  such  as  a  radiator,  underneath.  For  still  smaller 
operations  drying  ovens  are  used,  these  being  heated  by  means  of  the 
Bunsen  burner,  and  usually  jacketed,  so  that  a  water-bath  heat  may  be 
maintained  if  desired  (Fig,  104).  Such  ovens  can  be  maintained  at  a  uni- 
form temperature  by  use  of  special  appliances  called  tkermostata. 

To  prevent  a  substance  which  has  been  desiccated  from  absorbing 
moisture  from  the  air,  recourse  is  had  to  desiccators,  these  usuallyconsist^ 
ing  of  a  glass  vessel  provided  with  a  ground-glass  cover,  the  joints  being 
made  air-tight  by  t^ow  or  petrolatum,  the  vessel  being  so  arranged  as 
to  contain  in  an  appropriate  space  sulphuric  acid  or  calcium  chloride, 
both  of  which  substances  absorb  water  with  great  avidity,  thus  rendering 
the  air  within  the  container  practically  water  free. 


Fig.  10S-— OUm  dcsiooiHor.  Fin.  108.— Hempel's  desicMlor. 

Of  the  two  forms  of  desiccators  illustrated  in  Figs.  105  and  106,  the 
Hempel  desiccator  is  arranged  to  permit  a  vacuum. 
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CHAPTER  VI 
COMMINUTION 

This  Ls  the  process  of  reducing  a  Bubstance  to  finer  particles,  and, 
according  to  the  fineness  into  which  the  particles  are  divided,  we  sub- 
divide the  subject  into  the  branches  cutting,  shcing,  chopping,  rasping, 
grating,  bruising,  grinding,  pulverizing,  and  triturating. 

To  obtain  the  substance  in  still  finer  form  than  that  yielded  by 
tTituration,  the  processes  of  levigation  and  elutriation  are  used. 

These  several  objects  will  be  considered  in  regular  order,  with  meotion 
of  apparatus  used  in  each  case. 

Objects. — The  chief  object  of  commiDUtion  is  to  present  the  drug 
in  a  form  in  which  it  is  more  susceptible  to  solution.  In  fact,  with  the 
exception  of  comminution  for  the  purpose  of  making  the  so-called  dust- 
ing-powders, all  processes  of  comminution  used  in  pharmacy  are  made 
with  the  intention  of  faciUtating  solution  of  the  drug  or  its  active 
principles. 

VARIETIES  OF  COMMINDTION  AND  APPARATUS  USED 

Cntting,  slidng,  and  chopi^ng  are  familiar  operations,  rarely  used  in 
pharmacy,  except  for  the  preparation  of  drugs  for  the  more  complete 
processes  of  comminution.  Cutting  and  shcing  can,  .of  course,  be  per- 
formed with  any  appropriate  knife  and  chopping  with  any  sharp  instru- 
ment, such  as  a  hatchet  or  cleaver,  and  in  place  of  these  familiar  instru- 
ments, the  best  apparatus  in  pharmacy  tor  the  purpose  is  the  herb-cutter 
(Fig.  107).    This  can  be  used  in  cutting  practically  all  drugs,  and  even  for 


FIs- 107. — HerbMntter. 

vanilla-beans,  prior  to  maJung  tincture  therefrom.  However,  for  the 
cutting  of  vanilliarb^ns,  notlmig  is  better  than  to  take  about  a  dozen 
beans,  wind  them  tightly  with  a  piece  of  stout  twine,  and  slice  them  down 
with  a  sharp  carving-kmfe. 

Rasping  and  grating  are  not  used  very  much  in  pharmacy,  about  the 
only  drug  which  is  convenient  to  rasp  being  guaiac  wood,  while  grating 
is  limited  to  the  comminution  of  the  small  portions  of  nutmeg  or  lemon- 
peel,  a  nutmeg-grater  being  an  inexpensive  and  convenient  apparatus  to 
have  at  a  prescription  counter. 

Contusion  or  bruising  is  performed  in  a  mortar,  and  for  this  special 
purpose  the  old-fashioned  iron  mortar  is  very  useful.  By  means  of 
the  instrument  almost  any  drug  can  be  reduced  to  powder  of  almost  any 
fineness,  but  the  process  is  so  tedious  that  it  has  largely  been  replaced  by 
giinding  in  a  mill. 


112 


PRINCIPLES   OF   PHARMACY 


Other  objections  to  the  iron  mortar  are  that  pounding  therein  is  a 
very  noisy  process,  and  a  continuance  of  this  pounding  in  a  large  mortar 
is  apt  to  jar  the  building  where  the  operation  is  conducted,  hence  auch 
an  apparatus  should  be  used  only  on  a  firm  foundation,  and  if  on  an  upper 
floor,  the  mortar  should  be  placed  on  a  rafter  and,  if  possible,  over  a  sup- 
porting pillar. 

Wooden  mortars  were  formerly  in  considerable  use,  and  at  present 
are  sometimes  used  in  the  bruising  of  acid  drugs,  such  as  beating  up  a 
tamarind  pulp  preparatory  to  making  confection  of  senna,  while  huge 
marble  mortars,  which  formerly  enjoyed  considerable  popularity,  have 
now  almost  completely  fallen  into  disuse.  Mortars  used  for  contusion, 
the  familiar  form  of  which  are  seen  in  appended  cut  (Fig.  108),  must  not 
be  confounded  with  the  smaller  mortars  used  in 
process  of  trituration  at  the  counter. 

Grinding  and  Pulverizing. — Grinding  is  the 
process  of  reducing  substances  to  moderately 
coarse  powders.  Pulverization  is  a  term  usually 
applied  to  grinding  to  a  still  finer  powder.  In 
both  cases  the  operation  is  carried  on  in  special 
apparatus  called  mills. 

A  discussion  of  mills,  as  of  stills,  means  men- 
Fi«.  los— Iron  mortar,    tion   of    a    vast    Variety    of    apparatus   adapted 
for  the  various  requirements  of  the  trade,  for  exam- 
ple, in  a  thorough  discussion  of  the  subject,  mention  should  be  made  of  flour- 
mills  and  mills  for  other  large  technical  processes.     Even  in  the  considera- 
tion of  the  strictly  pharmaceutic  operation  of  drug-grinding,  almost  as 
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large  a  number  of  mills  could  be  discussed,  and  picking  from  this  array  the 
most  typical  forms,  it  is  necessary  to  discuss  the  following,  but  with  a 
brief  mention  of  their  principle  of  action,  leaving  the  cuts  to  convey  the 
main  characteristics. 

Bukrstone  MilL — This  is  the  ordinary  form  of  mill,  and  is  made  of  two 
stone  corrugated  plates  which  rotate  on  each  other.  On  the  rotating  sur- 
face of  the  two  are  made  grooves  which  act  on  each  other,  and  on  the  drug 
interposed,  in  a  manner  somewhat  similar  to  the  blades  of  a  scissors, 
clipping  the  drug  to  pieces  at  the  same  time  that  the  weight  of  a  stone 
crushed  the  drug  to  powder.  Such  form  of  mill  is  seen  in  the  typical 
aour-mill  (Fig.  109). 
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RdQer-mill. — This  con^Bts  of  two  large  rollers  of  steel  or  iron,  which 
revolve  on  each  other  and  can,  by  means  of  suitable  mechanism,  be 
made  to  approach  and  become  remote  from  each  other.  Such  mill 
works  entirely  from  the  dead  weight  of  the  roller,  and  is  used  for  the 
powdering  of  greasy  or  soft  substances. 

Chasers  consist  of    two  movable  _ 

rollers  rotating  on  a  central  axis  on  a 
steel  base  (Fig.  110).  Such  a  chaser 
mill  is  used  in  the  making  of  choc- 
olate paste  and  the  like. 

Barrel  or  cannon-ball  milis  consist 
of  barrels  made  of  oak  or  steel, 
containing  iron  spheres  about  the 
size  of  cannon-balls,  the  barrel  being 


Pl«.  111.— Meml  dWnt«ar«tor.  Pl«.  112.— MbmI  diainlegnitor  (open). 

arraoged  to  rotate  upon  an  axis,  and  when  this  is  done,  the  cannoa-balla 

roll  to  and  fro  with  sufficient  force  to  powder  the  drug  contained  in  the 

barrel.    The  advantage  possessed  by  a  barrel-mill  is  that  the  process 

of  pulverization  is  made  with  but  little  loss,  because  none  of  the  dust 

escapes.     Its   objection,   however,   is 

the  intolerable   noise  of    the  rolling 

cannon-balls. 

Mead's  diainiegraior  ia  the  most 
efficient  type  of  the  modern  power 
drug-mill,  and  can  best  be  under- 
stood by  studying  the  cuts  (Figs.  103 
and  112).     As  seen  therein,   it   con- 


Pit,  ^is.— Swift  a 


sists  of  a  steel  disk  having  on  the  outer  edges  a  series  of 
frteel  projections.  This  disk  rotates  in  a  case  the  upper  edge  of 
which  consist  of  corrugated  steel,  against  which  the  projections 
m  the   disk    come    almost    into     contact.        The     unique     principle 
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of  the  mill  is  the  fact  that  it  performs  its  work  not  by  reason  of  its  weight, 
but  because  of  the  enormous  velocity  at  which  the  disk  rotates,  the  dru^ 
placed  in  the  mill  being  thrown  up  by  the  disk  and  its  projections  against 


FSg  lis. — EDterpriK  dnis-mtll. 

the  steel  corrugations  with  a  force  somewhat  akin  to  a  cyclone  and  is  so 
literally  torn  to  shreds. 

All  the  mills  above  mtionened  operate  entirely  by  steam  power,  and 
are,  therefore,  beyond  the  province  of 
the  retail  pharmacy,  hence  of  more 
importance  to  pharmacists  are  the  mills 
now  to  be  discussed. 

Hand  Power  MiUs. — Of  the  many 
varieties  of  hand  mills,  three  types  can 
be  considered:  Those  in  which  the 
drug  is  crushed  between  two  vertical 
grinding  surfaces,  those  in  which  the 
grinding  surfaces  are  horieontal,  and 
those  in  which  the  grinding  surfaces  are 
conic. 

An  example  of  the  first  type  is  found 

Fi,.  iiB.-Tritur«ir«  morut.        ;„  the  old-style  Swlft  mill;  the  second 

type  is  shown  in  the  Hance  mill,   and   the   third  type   is   represented 

by  the  Enterprise  mill,  all  of  which  are  shown  in  the  cuts  {Figs.  113,  114, 

and  115). 

Of  these  mills,  the  most  serviceable  is  the  conic  variety,  and  in  select- 
ing a  mill  it  is  highly  advisable  to  choose  one  in  which  the  plates  are 
easily  removed  for  cleaning.  By  means  of  a  drug  mill,  a  substance  can 
be  readily  reduced  to  powder  provided  suitable  care  is  taken  by  the 
operator,  it  being  a  good  rule  to  first  grind  the  substance  coarsely,  then 
retitfn  it  to  the  mill,  bringing  the  plates  closer  by  means  of  the  screws 
intended  for  that  purpose,  grind  the  drug  again,  and  possibly  repeat  the 
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operation  with  the  screws  still  tighter.  In  rotating  the  plate  by  means 
of  the  crank  or  wheel,  a  uniform  and  steady  motion  should  be  maintained, 
far  better  results  being  obtained  by  a  slow  persistent  motion  than  by 
rapid  and  spasmodic  efforts.  Under  no  circumstances  should  the  mill 
be  worked  so  rapidly  as  to  overheat  the  plates.  With  proper  treatment 
a  drug-mill  should  last  a  lifetime. 

In  grinding  and  sifting  irritating  and  poisonous  drugs,  such  as  soap 
bark,  the  mouth  and  nostrils  of  the  operator  should  be  protected  by 
covering  them  with  a  moistened  towel. 

Trituration  is  the  process  of  reducing  a  substance  to  a  finer  powder 
than  is  usually  obtained  by  grinding  in  a  mill,  and  is  generally  accom- 
plished by  placing  a  drug  in  a  mortar  and  acting  on  same  by  the  rotary 
action  of  the  pestle.  The  apparatus  used  in  trituration  is  the  pestle 
and  mortar  aided  by  the  spatula,  and  for  trituration  the  pestle  and 
mortar  of  wedgewood  ware  should  be  of  the  design  shown  in  the  appended 
cut  (Fig.  116),  while  porcelain  mortars  an.d  pestles  are  usually  of  the  shape 
shown  in  Fig.  116.  For  triturating  powders  which  become  electrified 
and  hence  sticky,  like  salol  or  neural,  porcelain  mortars  are  preferable  to 
wedgewood.  Such  mortars  are  constructed  of  porcelain,  wedgewood, 
or  glass,  and  for  the  trituration  of  very  hard  substances  agate  mortars 
are  sometimes  used. 

The  pestle  accompanying  the  regulation  wedgewood  mortar  has 
\isually  a  wooden  handle  which  is  put  into  the  wedgewood  base  in  a  very 
crude  way,  usually  by  pouring  a  mixture  of  rosin  and  wax  into  the  socket 
and  placing  the  handle  in  while  the  mixture  is  still  warm.  Usually  a 
pestle  so  fastened  is  very  inconvenient,  as  the  rosin  and  wax  will  chip 
off  and  fall  into  the  substance  being  triturated.  If  it  is  used  in  tritura- 
tion of  warm  ointments,  the  wax  is  apt  to  soften,  and  if  employed  in 
mixtures  containing  alcohol,  the  alcohol  is  apt  to  dissolve  the  resin. 

It  is  a  good  rule  to  fasten  the  pestle  handle  securely  as  soon  as  pur- 
chased, and  this  is  easily  done  by  removing  the  handle  from  the  base  by 
gentle  warmth,  cleaning  the  socket  free  from  the  resinous  matter,  and 
then  pouring  into  the  socket  a  thin  mixture  of  plaster-of-Paris  with  water, 
inserting  the  handle  immediately,  and  allowing  it  to  stand  until  the  mix- 
ture has  completely  set.  A  handle  so  fastened  usually  remains  attached 
to  the  base. 

As  there  is,  however,  some  danger  of  the  chipping  of  the  plaster,  a 
cement  consisting  of  glycerin  and  oxide  of  lead  (litharge)  made  into  a 
paste  has  been  recommended. 

A  wedgewood  mortar  after  continual  use  becomes  grimy  and  cannot 
be  cleaned  by  the  simple  application  of  soap  and  water.  To  thoroughly 
cleanse  such  mortar,  powder  a  few  crystals  of  potassium  dichromate  in 
the  same  and  rub  to  a  thin  paste  with  sufficient  concentrated  sulphuric 
acid;  smear  same  over  the  mortar  outside  and  in.  When  the  paste  is 
washed  off,  the  wedgewood  will  be  found  perfectly  clean. 

Spatulas. — The  object  of  the  spatula  in  trituration  is  to  scrape  the 
triturated  powder  from  the  sides  of  the  mortar,  and  for  this  purpose 
a  small  spatula  convenient  to  carry  in  the  vest  pocket  is  most  convenient. 
Of  the  two  forms  of  spatula  shown  in  illustrations,  the  nickel-plated  form 
is  the  most  modern  and  most  satisfactory,  and  every  pharmacist  should 
carry  one  as  his  personal  property  (Figs.  117  and  118). 

Triturates. — ^Aside  from  the  general  term,  trituration,  as  applied 
to  reducing  drugs  to  fine  powder,  a  class  of  preparations  called  "  tritu- 
rates" have  been  introduced.    These  are  of  homeopathic  origin  and 
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consist  of  the  medicine  intimately  mixed  with  sugar  of  milk.  The 
Pharmacopoeia  recognizes  as  this  class  of  triturates  preparations  con- 
taining 10  per  cent,  of  the  active  ingredient  rubbed  up  with  90  per  cent, 
sugar  of  milk.     (See  Triturate  of  Elaterin,  p.  295.) 

Sifting  is  the  process  of  separating  finer  portions  of  comminuted  drugs 
from  the  coarser  particles  by  use  of  a  sieve. 


:7. — Coctw-hsndls  ipatulB. 

The  grinding  of  a  drug,  no  matter  how  carefully  carried  on,  will  not 
in  itself  produce  an  absolutelyuniforra  powder,  theraore  easily  pulverulent 
portions  of  the  drug  being  ground  more  finely  than  the  denser  portions. 
In  order  to  insure  a  uniform  powder,  therefore,  it  is  necessary  to  sift 
same  through  sieves,  which  consist  of  mesh  work  either  of  horsehair  or 
metal  wire  stretched  around  a  suitable  holder  (Fig.  119). 


The  sieve  can  be  made  with  meshes  of  equal  size,  and  for  sifting  dn^, 
sieves  with  twenty,  thirty,  forty,  sixty,  and  eighty  meshes  to  a  linear 
inch  are  usually  employed,  the  finished  sieve  being  accordingly  numbered 
20,  30,  40,  60,  and  80  respectively.  Sieves  are  not  uniform  even  when 
thus  numbered  unless  each  maniifacturer  uses  strands  of  wire  of  same 
caliber. 


Fi«.  110.— Bran  tisve.  Fig.  120.— Emlaior  miwr  ud  siftsr. 

In  Germany  and  other  countries  of  Europe  the  numbering  of  the 
sieve  is  different  from  the  English  and  American,  it  being  based  on  the 
number  of  meshes  to  the  centimeter.  As  an  inch  is  equal  to  2.5  cm.,  the 
conversion  of  the  German  number  to  the  American  is  not  difficult,  each 
unit  of  the  German  sieve  being  equal  to  2.5  units  of  the  American  sieve. 
Thus  a  No.  15  German  is  equal  to  a  No.  40  American  (exactly  37J^); 
while  a  No.  20  German  equals  a  No.  SO  American. 


COMMINUTION  117 

In  using  a  sieve,  the  ground  drug  is  thrown  therein  and  the  particles 
permitted  to  fall  through  the  meshes  by  gently  tapping  the  sieve  with  a 
spatula  handle  or  the  knuckle,  particular  emphasis  being  laid  by  phar- 
maceutic writers  against  forcing  the  powder  through  the  sieve  by  rubbing 
same  with  the  hand.  It  is  imperative  that  all  portions  of  the  same  drug 
should  be  reduced  to  a  imiform  powder,  hence  we  should  not  merely  use 
the  first  portion  that  passes  through,  leaving  the  coarser  particles  for  a 
subsequent  grinding,  but  we  should  take  a  certain  quantity  of  the  drug, 
grind  same  with  the  mill,  and  sift,  repeating  the  operation  until  the 
entire  quantity  has  been  passed  through,  except  possibly  a  small  amount 
of  fibrous  debris.  When  all  the  drug  has  thus  been  passed  through  the 
sieve,  the  powder  is  thoroughly  mixed  with  the  spatula,  and  only  then  can 
we  say  that  we  have  completely  powdered  the  entire  drug. 

Powdered  drugs  are  given  the  same  number  as  the  sieve  through  which 
they  pass;  thus  a  No.  20  powder  means  a  drug  passed  through  a  No.  20 
sieve. 

The  finest  sieve  in  ordinary  use  is  the  No.  80,  and  if  the  substance  is 
desired  to  a  powder  finer  than  eighty,  it  is  passed  through  bolting-cloth, 
which  consists  of  a  cloth  with  exact  meshes  made  of  silk  thread.  The 
finer  grades  of  fiour  are  thus  sifted  through  bolting-cloth. 

When  considerable  material  is  to  be  sifted  the  use  of  a  special  mixing 
appliance  operated  either  by  hand  or  other  power  is  advisable,  one  of  the 
best  varieties  of  such  an  apparatus  being  the  Excelsior  mixer  and  sifter 
(Fig.  120). 

Dusting  powders  can  be  mixed  and  sifted  by  pouring  them  into  a  bag  made  of 
bolting-cloth  fitted  into  the  neck  of  half-gallon  salt-mouth  bottle.  The  stopper  is 
then  placed  into  the  bottle  and  after  shakmg  the  sifted  powder  will  be  f ouna  at  the 
bottom  of  the  jar. 


ion  is  the  process  of  reducing  a  powder  to  still  finer  particles 
than  can  be  attained  through  trituration,  and  is  accompUshed  by  placing 
a  substance  on  an  appropriate  slab,  moistening  with  a  few  drops  of  alcohol, 
and  smearing  same  over  the  slab  by  means  of  an  instrument  known  as  the 
muUer  (Figs.  121  and  122.)     As  shown  in  cut,  the  correct  way  of  using 


Fig.  121. — Slab  and  muller.  Fig.  122. — Moyement  of  mailer. 

the  muller  is  by  rotating  the  same  in  a  circular  motion,  as  if  drawing  the 
figure  8.  If  the  slab  and  muller  are  composed  of  porphyry,  the  process  is 
caJled  parphyrization. 

Btttriation  is  a  crude  process  of  separating  coarser  from  finer  particles 
by  suspension  in  water,  hence  is  sometimes  called  "water-sifting."  It  is 
used  only  in  separating  insoluble  substances,  and  is  limited  to  a  few 
cases,  such  as  the  separation  of  chalk  from  the  grit  with  which  it  is  asso- 
ciated when  mined.  The  freshly  mined  chalk  is  coarsely  ground,  mixed 
with  water  to  a  thin  paste,  and  then  thrown  into  a  tank  containing 
water,  with  the  result  that  the  gritty  quartz  will  be  washed  out  and 
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subside,  while  the  less  heavy  chalk  remains  for  a  time  suspended  in  the 
liquid.  After  a  few  minutes  the  liquid  is  drawn  from  the  tank  into 
another  through  a  faucet,  placed  some  distance  above  the  bottom  of  the 
vessel,  and  there  is  allowed  to  stand  until  the  suspended  chalk  has 
separated,  whereupon  the  clear  liquid  is  drawn  off  and  the  pasty  chalk 
is  obtained  almost  free  from  grit.  In  commerce  this  chalk  paste  is  usually 
marketed  in  the  form  of  cones,  and  these  are  produced  by  the  process 
known  as  trochiscation. 

Trochiscation. — By  placing  the  paste  in  a  wooden  vessel  shaped  like 
a  funnel,  and  by  giving  the  apparatus  sharp  raps,  the  paste  drops  upon 
a  porous  surface,  such  as  a  slab  of  chalk  or  of  earthenware,  where  it  dries 
in  cones,  an  expert  workman  being  able  to  make  practically  all  the  cones 
the  same  size. 

Pulverization  by  Intervention. — ^There  are  some  substances  which 
are  almost  impossible  to  reduce  to  powder  by  trituration  or  other  methods 
of  comminution  already  discussed.  Among  these  the  best  known 
example  is  camphor,  which,  when  pounded  with  a  pestle,  becomes  a 
pliable  mass.  If,  however,  to  the  camphor  a  few  drops  of  alcohol  or 
chloroform  be  added,  it  can  be  powdered  without  diflSculty.  This  method 
of  reducing  a  substance  to  powder  by  means  of  another  substance  is 
called  pulverization  by  intervention.  Camphor  powdered  with  alcohol 
is  apt  to  cake  on  standing  and  this  can  be  obviated  by  adding  to  same  a 
minute  quantity  of  colorless  petrolatum. 

Other  examples  of  pulverization  by  intervention  are  the  powdering 
of  gold-foil  trituration  with  potassium  sulphate,  the  potassium  sulphate 
being  removed  after  trituration  by  treatment  of  the  powder  with  water. 
Tin  can  be  powdered  by  pouring  the  molten  metal  into  prepared  chalk  and 
shaking  until  thoroughly  cold,  the  prepared  chalk  being  separated  from 
the  powdered  tin  by  treatment  with  diluted  acids.  Phosphorus  can  be 
powdered  by  simply  melting  it  in  solution  of  salt  and  shaking  same 
until  cold. 

BmUOGRAPHY 

MiUs.-— Redwood,  A.J.P.,  21,  1849,  19;  Blair,  A.Ph.A.,  23,  1875,  575;  Procter, 
A.J.P.,  18,  1847,  256. 

Trituratioru— Minion,  Bull.  Phann.,  23,  1909,  472. 

Pestle  Cew«n^.— Vialle,  Am.  Dr.,  19,  1890,  116. 

Steves  arwi  <St/<*n^.— Remington,  Am.  Dr.,  43,  1903,  199;  Hopp,  A.Ph.A.,  51,  1903, 
435. 

EliUriation.—En^nd,  A.J.P.,  58,  1886,  77. 

PulverizcUion  by  Intervention. — England,  A. J. P.,  59,  1887,  598;  Anon.,  N.R.,  11, 
1882,  112. 

CHAPTER  VII 

SOLUTION,  LOTION,  DECANTATION,  COLATION,  AND 

FILTRATION 

SOLUTION 

At  various  times  in  the  history  of  pharmacy,  definitions  of  the  term 
"solution"  have  been  set  forth  which  can  hardly  be  considered  modem 
views  of  the  subject.  Illustrated  by  examples,  this  important  topic 
is  not  difficult  to  understand. 

When  a  small  amount  of  common  salt  is  shaken  up  with  water  the  salt 
quickly  disappears  and  a  perfectly  homogenous  mixture  is  obtained,  which 
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has  a  salty  taste,  but  in  which  no  particles  of  salt  can  be  detected,  even 
under  the  highest  power  microscope.  Even  on  long  standing  the  salt 
does  not  settle  out  of  the  water,  nor  can  the  salt  be  removed  by  filtration 
of  the  mixture.  However,  on  evaporating  oflf  the  water,  the  salt  is  left 
behind  in  its  original  form.  If,  on  the  other  hand,  a  little  chalk  is  shaken 
up  with  water,  a  milky  mixture  is  obtained  in  which  the  particles  can  be 
readily  seen,  and  can  be  separated  from  the  water  by  settling  or  by 
filtration. 

In  the  first  case,  the  salt  is  taken  up  or  dissolved  by  the  water  form- 
ing a  true  solution;  in  the  latter  case,  the  chalk  is  merely  suspended  in 
the  water.  Between  the  limits  of  true  solution  and  suspension  lies  the 
region  of  colloid  soliUion  which  is  discussed  in  detail  on  p.  565. 

A  solution  may  be  defined  as  a  homogeneous  mixture  of  two  or  more 
substances,  which  (mixture)  can  vary  in  composition  continuously  within 
certain  limits.  The  latter  part  of  this  definition  serves  to  distinguish 
solutions  from  chemical  compoimds.  The  latter  are  of  definite  and 
invariable  composition,  whereas  the  composition  of  a  solution  of  salt  in 
water  may  vary  within  wide  limits. 

Although  there  are  several  classes  of  solutions  arratiged,  according 
to  the  physical  states  of  their  components,  in  pharmacy  we  are  chiefly 
concerned  with  solutions  of  gases,  liquids  and  solids  in  liquids. 

That  part  of  a  solution  which  is  present  in  largest  proportion  is 
usually  called  the  solvent,  and  the  substance  taken  up  by  the  solvent  is 
termed  the  dissolved  substance  or  soliUe, 

When  some  substances,  principally  acids,  bases  and  salts  are  dis- 
solved in  water,  their  molecules  imdergo  subdivision  into  particles  called 
"ions."  For  instance,  nitric  acid  (HNOa)  ionizes  in  water  altogether 
into  positively  charged  hydrogen  particles  (H+  ions)  and  negatively 
charged  nitrate  groups  (NOs"  ions).  In  anmioniiun  hydroxide 
(NH4OH)  solution  only  2  per  cent,  of  the  molecules  of  the  base  ionize 
or  dissociate  into  NHi^ions  and  HO"  ions,  while  the  other  98  per  cent, 
remain  as  NH4OH  imdissociated  molecules.  All  substances  do  not 
ionize  and  all  liquids  are  not  as  good  ionizing  agents  as  is  water. 

Solvent. — ^In  order  to  dissolve  a  substance  a  solvent  is  required,  and 
the  character  of  different  solvents  varies  greatly,  investigation  showing 
that  practically  all  physical  combinations,  such  as  the  making  of  solders, 
fusing  of  alloys,  and  the  like,  follow  the  same  rules  as  does  the  ordinary 
solution.  Thus,  at  present,  alloys,  such,  for  example,  as  brass,  are 
considered  solutions  of  the  metals  of  which  they  are  composed. 

Pharmaceutically,  however,  by  a  solvent  is  meant  a  liquid  in  which 
the  substance  is  made  to  disappear  and  lose  its  identity. 

Of  the  solvents  used  in  pharmacy,  waier  is  preeminently  the  most 
valuable,  as  in  it  dissolve  most  inorganic  chemicals,  and  such  organics 
as  sugars,*  gums,  and  glucosides. 

Alcohol  dissolves  resinous  drugs,  volatile  oils,  etc. 

Glycerin  is  an  excellent  solvent,  dissolving  the  water-soluble  substances 
and  in  larger  quantities,  but  its  stickiness  precludes  its  general  use. 

Adds  are  used  as  solvents  in  some  cases,  although  usually  the  acid 
efiPects  a  chemical  change  in  the  nature  of  the  dissolved  substance. 

Alkalis  are  valuable  solvents  for  some  substances,  as  albuminous 
matter,  waxes,  starches,  and  resins,  but  they,  like  the  acids,  usually  make 
chemical  changes  in  the  dissolved  substances. 

Chloroform  and  ether  and  petroleum  ether  (or  benzin,  U.S.P.)  are 
solvents  for  resins,  oils,  and  fats,  though  their  use  is  somewhat  limited. 
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Carbon  disidphide  is  used  for  dissolving  rubber,  while  for  solution  of 
gutta-percha,  chloroform  answers. 

Of  late,  in  chemical  work  and  in  manufacturing  industries  a  large 
number  of  organic  substances  are  used  as  solvents  either  replacing  or  in 
combination  with  grain  alcohol.  Among  these  may  be  cited  wood  alcohol^ 
acetone  acetic  ether ^  ^'banana  oiV  and  the  various  chlorides  of  ethane. 
These  are  discussed  in  Part  IV. 

Solubility. — ^By  this  term  is  meant  how  much  of  a  substance  dissolves 
in  a  given  solvent.  This  can  be  expressed  as  in  the  present  pharmacopoeia 
as  the  number  of  mils  of  solvent  in  which  one  gramme  of  the  substance 
dissolves;  in  parts  by  weight  of  the  solvent  used  to  dissolve  1  part  of  the 
substance;  or  by  stating  how  many  parts  of  the  substance  will  dissolve  in 
100  parts  of  the  solvent.  The  range  of  solubility  is  practically  limitless, 
some  substances  in  much  less  than  their  own  weight  of  the  solvent, 
whereas  other  substances  require  many  times  the  weight  of  the  solvent- 
Thus,  silver  bromide  requires  one  to  two  million  times  its  weight  of 
water  for  solution,  while  potassium  iodide  dissolves  in  seven-tenths  its 
own  weight  of  water.  When  a  substance  is  so  slightly  soluble  as  silver 
bromide,  we  usually  term  it  insoluble,  although  practically  every  sub- 
stance does  dissolve  in  minute  amounts,  as  in  the  case  of  the  chemical 
just  mentioned. 

To  memorize  the  individual  solubilities  of  all  the  o£6icials  is  practic- 
ally impossible,  although  the  student  should  know  in  a  general  way 
whether  a  body  dissolves  in  water  or  is  insoluble,  and,  moreover,  he  should 
be  acquainted  with  the  approximate  water  solubilities  •  of  such  well- 
known  chemicals  as  potassium  bromide,  potassium  iodide,  and  potassium 
chlorate. 

Regarding  general  solubilities  in  water,  the  following  inforination 
relative  to  inorganic  salts  is  useful,  especially  in  considering  prescriptions: 

Soluble.  Insoluble. 

All  acetates.  Carbonates,  except  those  of  the  alkalis. 

All  nitrates.  Phosphates,  except  those  of  the  alkalis. 

Sulphates,    except    barium,    strontium, 
lead,  silver. 

All  sodium  salts. 

Potassium  salts,  except  bitartrate. 

Chlorides,  except  silver  and  mercurous. 
This  table  is  of  barest  outline,  and  refers  only  to  weU-known  medical  substances. 
For  instance,  there  are  a  few  insoluble  sodium  salts,  but  thev  are  not  worth  considerar- 
tion  in  pharmacy.  Then  remember  that  the  term  '^soluble  is  purely  relative.  One 
gramme  of  potassium  iodide  is  soluble  in  0.7  mil  of  water  at  25 C,  calcium  sulphate, 
on  the  other  hand,  requires  410  parts  of  water  at  IS^'C.  to  dissolve  it;  yet  both  are 
classed  as  * 'soluble  in  above  table.  Then  in  the  table  many  substances  are  missing. 
For  instance,  no  specific  mention  is  made  of  copper  and  zinc  salts,  or  of  the  silicates, 
or  of  a  host  of  other  bodies.  These  omissions  are  due  to  the  fact  that  no  (jlassification 
of  the  substances  as  to  the  solubility  can  be  made.  Some  zinc  salts  are  soluble,  some 
are  insoluble;  hence  they  are  omitted. 

In  the  present  pharmacopoeia  is   found  a  monograph  on  solubility  estimations 
(Part  II,  p.  599). 

Simple  and  Chemical  Solutions. — Thanks  to  the  investigations  of 
Airhenius  and  Ostwald,  the  former  popular  distinction  between  simple 
and  chemical  solutions  has  become  almost  obsolete,  Arrhenius  showing 
that  when  the  chemical  dissolves  in  water,  it  immediately  dissociates 
into  two  or  more  portions,  called  "ions,"  and,  in  fact,  in  exactly  the  same 
way  as  some  substances  separate  when  under  the  influence  of  electricity. 
In  the  old  method  of  reasoning  a  solution  of  Glauber  salt,  Na2S04,  in 
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water  was  a  simple  solution,  but  if  the  same  salt  solution  was  produced 
by  mixing  a  solution  of  sodium  hydroxide  with  dilute  sulphuric  acid, 
because  a  chemical  action  occurred  during  the  process  of  solution,  this 
latter  solution  of  sodium  sulphate  was  a  chemicsJ  solution. 

The  modem  view  is  that  both  solutions  are  identical,  consisting  as 
they  do  of  ions  of  sodium  and  ions  of  the  SO*  group;  hence  in  the  modem 
discussion  of  solution  the  terms  "simple"  and  "chemical"  are  eliminated. 

During  the  past  fifteen  years,  Jones  and  his  pupils  have  worked  out  what  he  calls 
"the  solvate  theory  of  solutions."  This  supplements  the  ionic  theory  by  pointing 
oat  that  in  solutions  the  ions  and  some  of  the  molecules  combine  with  more  or  less  of 
the  solvent. 

In  the  pharmaceutic  discussion  of  the  solutions  of  the  United  States 
Pharmacopceia  it  is  convenient  to  classify  same  into  those  made  by  simply 
dissolving  the  solution  in  water,  which  solutions  are  called  ''galenics," 
and  those  in  the  manufacture  of  which  by  the  pharmacist  a  chemical 
change  occurs.  In  this  sense  the  term  simple  and  chemical  solutions  are 
still  applied,  without,  however,  any  intention  to  intimate  that  any 
marked  difference  exists  between  the  same  compound  made  by  simple 
solution  and  that  made  by  chemical  action. 

Conditions  of  Solution. — In  order  to  facilitate  solution  it  is  advisable 
to  pulverize  the  substance  which  is  to  be  dissolved,  the  advantages  of 
pyJverization  being  best  illustrated  by  a  homely  simile. 

Imagine  a  closed  book  of  500  pages  as  a  lump  or  crystsd  of  matter. 
Imagine  this  exposed  to  the  action  of  a  solvent.  This  solvent  can  only 
attack  front,  back,  and  four  edges — a  surface  scarcely  equal  to  that  of 
three  leaves.  Now  imagine  that  book  taken  all  apart,  and  its  500 
pages  spread  flat  on  the  floor,  and  see  what  an  enormous  increase  in  sur- 
face. In  the  same  way  a  great  increase  is  produced  in  the  surface  exposed 
to  the  action  of  a  solvent  when  a  crystal  is  reduced  to  powder. 

After  powdering  the  substance  and  mixing  it  with  the  solvent,  solu- 
tion can  be  facilitated  by  agitating  the  mixture  of  the  substance  and  the 
solvent,  and  this,  because,  when  we  suggest  that  a  solution  is  a  minute 
subdivision  of  the  substance  affecting  the  very  molecules  which  permeate 
the  molecules  of  the  solvent,  it  is  plain  to  be  seen  that  in  order  com- 
pletely to  jnix  these  molecules,  agitation  is  necessary  just  as  some  form 
of  agitation  aids  in  the  mixing  of  solids. 

Among  the  conditions  of  solution  the  character  of  the  solvent  has  con- 
siderable influence,  and  it  is,  of  course,  self-evident  that  it  is  useless  to 
attempt  a  solution  of  a  substance  in  a  solvent  which  does  not  affect  it. 
In  the  same  way  care  must  be  had  in  mixing  solutions  not  to  add  to  the 
liquid  another  liquid  which  is  apt  to  precipitate  the  dissolved  substance, 
even  though  that  Uquid  is  freely  miscible  with  the  solvent  that  has  been 
employed.  Thus,  alcohol  and  water  dissolve  in  each  other,  but  if  in  the 
water  is  dissolved  a  substance  which  will  not  dissolve  in  alcohol,  such, 
for  example,  as  gum  arabic,  the  addition  of  more  than  traces  of  alcohol 
wiD  result  in  the  precipitation  of  the  gum  from  the  solution. 

In  the  same  way,  if  we  have  an  alcoholic  solution  of  a  resinous  sub- 
stance and  add  water  to  it,  the  water  will  mix  with  the  alcohol,  but  in 
the  process  of  solution  of  the  two  fluids  the  resin,  which  is  insoluble  in 
water,  is  precipitated. 

Temperaiitre  is  a  decided  factor  in  influencing  solution.  Usually  a 
high  degree  of  heat  facilitates  solution,  although  not  in  a  definite  ratio. 
Thus  one  gramme  of  potassium  chlorate  will  dissolve  in  11.5  mils  of  water 
at  25°C.,  while  one  gramme  of  the  same  salt  will  dissolve  in  1.8  mils 
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of  water  at  100°C.  This  is  not  always  true,  however,  some  substances 
being  more  soluble  in  cold  water  than  in  hot. 

Thus  one  gramme  of  lime  will  dissolve  in  840  mils  water  at  25**C., 
while  it  takes  1740  mils  of  water  at  100°C.  to  dissolve  the  same  quantity. 

An  interesting  case  of  temperature  variation  in  solution  is  found  in 
sodium  sulphate  (p.  443). 

Heat  aids  solution  in  rendering  molecular  subdivisions  easier.  A  body,  in  fusing, 
changes  from  a  solid  to  a  liquid,  simply  because  the  heat  changes  the  condition  of 
the  molecules  from  fixed  rigidity  to  the  mobility  characteristic  of  liquids.  This  is 
supposed  to  be  caused  by  the  influence  of  heat  in  lessening  the  cohesive  force  of  the 
molecules  of  the  substance — by  pu£diing  the  molecules  farmer  apart.  In  the  case  of 
solution,  the  molecules  of  dissolving  substance  becoming  separated  by  diffusion 
among  the  molecules  of  the  solvent,  ttie  separation — ^the  pushing  apart  of  the  mole- 
cules— ^is  ^preatly  facilitated  by  the  application  of  heat,  and  that  its  aid  in  overcoming 
cohesion  is  usually  enlisted  in  solution  is  shown  by  the  fact  that,  when  a  substance  is 
dissolved  at  normal  temperatures,  it  usually  takes  up  so  much  heat  away  from  the 
solvent  that  the  Uquid  becomes  cold.  This  is  especially  to  be  noticed  dissolving 
potassium  iodide  in  water,  and  freezing  mixtures  are  usually  devised  on  this  principle. 
However,  bear  in  mind  that  all  soli(&  do  not  chill  the  solvent  on  dissolving.  For 
instance,  when  calcium  chloride  is  dissolved  in  water,  the  temperature  of  the  solution 
is  raised  considerably.  This,  however,  is  supposed  to  be  due  to  a  chemical  combina- 
tion with  water,  as  is  also  assumed  to  be  the  case  when  sulphuric  acid  or  alcohol  is 
mixed  with  water.  Likewise  when  sodium  iodide  dissolves  in  water  with  production 
of  heat. 

■ 

Method  of  Solution. — The  ordinary  method  of  dissolving  a  substance 
is,  as  suggested  just  above,  by  reducing  the  substance  to  a  comparatively 
fine  powder  in  a  mortar,  then  adding  the  solvent,  and  triturating  until 
solution  is  accomplished,  and  finally  filtering  the  finished  solution  by 
passing  through  a  pledget  of  cotton  placed  in  an  appropriately  sized 
funnel.  The  careful  pharmacist,  in  preparing  solutions  on  prescriptions, 
should  always  observe  this  rule,  as  the  chemicals  used  are  likely  to  con- 
tain minute  traces  of  insoluble  impurities,  such  as  fragments  of  cork  from 
the  container,  or  possibly  traces  of  soot,  and  to  dispense  a  solution  any 
way  other  than  absolutely  clear  does  not  enhance  a  pharmacist's  reputa- 
tion. In  a  case  of  a  very  soluble  salt,  such  as  potassium  iodide,  the 
powdering  and  subsequent  trituration  in  the  mortar  are  not  necessary, 
in  such  case  the  solution  being  quickly  effected  by  throwing  tjie  crystals 
into  the  flask  designed  to  hold  the  finished  prescription,  adding  the 
water,  shaking  until  solution  results.  In  all  such  cases  the  rule  of 
filtration  through  cotton  should  be  rigidly  adhered  to,  it  being  a  simple 
matter  to  potu"  the  liquid  from  the  flask  into  a  graduate  and  then  filter 
into  the  bottle. 

Percentage  Solutions. — The  method  of  calculating  the  quantity  of  a 
chemical  required  in  making  a  solution  of  a  certain  percentage  strength 
is  discussed  on  p.  64. 

Circulatory  Solution. — Some  substances,  such  as  gum  arabic  and 
sugar,  dissolve  comparatively  slowly,  and  in  such  cases  recourse  is  had  to 
that  method  of  solution  known  as  circulatory  solution.  In  this  process 
.  the  substance  is  tied  in  a  piece  of  cloth  and  suspended  just  below  the 
surface  of  the  solvent.  The  Uquid  in  contact  with  the  drug  becomes 
impregnated  with  the  substance,  and,  being  of  greater  density  than  the 
water,  sinks  to  the  bottom  of  the  container,  giving  place  to  a  fresh  supply 
of  water,  which  in  turn  becomes  denser  and  sinks.  In  this  way  a  constant 
downward  current  of  dissolved  substance  and  an  upward  stream  of  dis- 
placed water  produces  a  circulatoJ'y  motion  of  the  Uquid  in  the  container, 
hence  the  name,  "circulatory  solution." 
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Saturated  solution  is  one  which  contains  all  of  a  certain  substance 
that  the  solvent  will  hold  in  a  solution,  and  the  quantity  of  U  drug  in 
such  a  saturated  solution  is,  of  course,  dependent  on  the  relative  solubility 
of  the  drug.  Thus,  a  solution  of  lime  containing  in  100  grammes  only 
16  centigrammes  of  calcium  hydroxide  is  a  saturated  solution,  even  as  is 
a  solution  of  potassium  iodide,  100  grammes  of  which  contain  about  56 
grammes  of  potassium  iodide.  In  other  words,  the  term  saturated  means 
the  limit  of  solubility  rather  than  the  comparative  denseness  of  solution. 
An  interesting  point  connected  with  saturated  solution  is  that  a  saturated 
solution  of  one  substance  may  act  as  an  admirable  solvent  of  another;  in 
other  words,  in  a  saturated  solution,  the  solvent  powers  of  that  Uquid  are 
exhausted  only  as  far  as  that  one  substance  is  concerned,  but  can  be 
exerted  in  effecting  solution  of  another  substance.  Thus  a  saturated 
solution  of  potassium  iodide  not  merely  dissolves  iodine,  but  also  much 
more  of  that  chemical  than  will  water  alone.  In  the  same  way  a  satur- 
ated solution  of  potassium  nitrate  will  freely  dissolve  copper  sulphate,  and 
this  scheme  has  been  used  for  removing  copper  impurities  from  large 
quantities  of  potassium  nitrate. 

Supersaturated  Solution. — Under  certain  conditions,  a  solvent  some- 
times takes  up  and  holds  more  of  a  salt  than  is  indicated  by  the  solubility 
of  that  salt. 

This  is  particularly  the  case  when  the  salt  is  treated  with  water  of 
a  temperature  greater  than  normal.  As  already  mentioned,  hot  water 
will  usually  dissolve  more  of  a  salt  than  will  cold  water,  and  such  solu- 
tion, on  standing,  usually  deposits  the  amount  of  salt  in  excess  of  the 
quantity  soluble  at  ordinary  temperatures. 

A  solution  of  this  kind,  holding  more  of  the  salt  than  is  normally 
dissolved,  is  said  to  be  a  supersaturated  solution,  and  in  some  cases  such 
a  supersaturated  solution  will  remain  liquid  without  depositing  the  excess 
until  violently  agitated.  Such  is  particularly  striking,  as  shown  in  the 
case  of  sodium  sulphate  (p.  443). 

Colloidal  Solutions  are  now  extensively  used  in  pharmacy.  These 
are  discussed  on  p.  154. 

Volume  Changes  in  Solution. — In  effecting  solution  between  a  certain 
volume  of  a  chemical  and  a  certain  volume  of  its  solvent,  the  resulting 
solution  usually  occupies  less  space  than  do  the  two  ingredients.  In 
other  words,  contraction  of  volume  occurs  in  effecting  solution.  By 
this,  of  course,  reference  is  not  made  to  the  fact  of  the  solvent  occupjring 
the  interstices  or  air-spaces  found  in  a  certain  volume  of  a  crude  chemical, 
but  what  is  meant  is  the  actual  volume  of  the  solvent  itself  independent 
of  air-spaces.  Thus  sugar  (specific  gravity,  1.336)  has  a  specific  volume 
of  0.748,  and  85  grammes  of  sugar,  therefore,  would  occupy  the  space 
of  63.6  mils.  These  85  grammes  of  sugar,  dissolved  in  48  mils  of  water, 
made  100  mils  of  syrup,  showing  a  contraction  of  11.6  mils  in  the  process. 
In  the  same  way  dried  alum  dissolved  m  water  contracts,  as  does  the  well- 
known  mixture  of  alcohol  and  water  in  preparing  diluted  alcohol. 

The  latter  case  of  the  contraction  of  alcohol  and  water  in  preparing 
diluted  alcohol  is  suflBciently  marked  to  be  worthy  of  attention  by  the 
operator,  as  was  shown  by  an  incident  coming  to  the  author's  attention, 
in  which  a  pharmacist,  in  preparing  forty  gaUons  of  dilute  alcohol  for 
a  customer,  mixed  twenty  gallons  of  alcohol  and  twenty  gallons  of  water, 
bottled  same  without  measuring,  and  was  much  grieved  on  receiving 
complaint  from  the  customer  that  the  quantity  was  several  quarts  short. 

It  is  said  that  50  volumes  of  ethyl  alcohol  and  50  volumes  of  water  make  94.35 
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volumes  of  diluted  alcohol  while  50  volumes  of  methyl  alcohol  and  50  volumes  of  water 
make  98.5  volumes  of  fluid.  Mendeljeff  stated  that  alcohol  and  water  exhibited  the 
maximum  contraction  when  45.88  i^er  cent,  alcohol  was  prepared  and  that  this  showed 
the  formation  of  a  compound  consisting  of  one  molecule  of  ethyl  hydroxide  and  three 
molecules  of  water. 

Estimation  of  Solubility. — Reference  has  been  made  in  a  preceding 
paragraph  to  the  solubility  of  a  solid  in  water  and  other  solvents.  This 
is  done  in  several  ways,  the  usual  method  being  by  weighing  a  certain 
quantity  of  the  solid  in  a  tared  bottle,  adding  a  certain  quantity  of  water 
at  a  given  temperature,  usually  25°C.,  shaking  until  assured  of  a  satur- 
ated solution,  then  carefully  transferring  the  liquid  to  a  quick-acting  tared 
filter  and  then  weighing  the  solid  residue.  In  this  way  we  learn  the 
amount  of  the  solid  which  has  been  dissolved,  and  the  solubility  of  the 
solid  can  be  easily  estimated  on  the  basis  of  the  solubility  of  one  gramme 
of  the  solid;  thus,  if  the  experiment  shows  that  one  gramme  of  salt  dis- 
solves in  three  grammes  of  water,  then  the  solubility  is  put  down  as  one 
part  in  three  of  water.  This  method,  however,  is  not  exactly  accurate, 
inasmuch  as  during  filtration  a  certain  amount  of  the  solvent  volatilizes, 
therefore  leaving  a  greater  residue  than  that  actually  soluble.  A  more 
accurate  way  is  to  take  a  given  quantity  of  the  solution,  evaporate  same 
to  dryness,  and  from  this  estimate  the  solubility  of  the  solid.  In  the 
latter  case,  however,  the  contraction  of  a  solid  in  the  solvent  must  be 
known,  and  this  factor  used  in  the  estimation  of  the  solubility.  For 
simple  pharmaceutic  purposes  a  rough  estimate  of  the  solubility  can  be 
easily  obtained  by  adding  the  substance  to  the  liquid  until  no  more  is 
taken  up.  Thus  if  to  100  mils  of  water  at  normal  temperature  a  solid 
is  added  in  5-gramme  lots,  the  solubility  of  the  salt  can  be  estimated 
within  5  per  cent.,  and  to  attain  absolutely  accurate  results  it  is  only 
necessary  to  repeat  the  experiment  by  dissolving  in  the  water  the  amount 
of  salt  within  5  grammes  of  supersaturation,  and  then  add  the  rest  of  the 
salt  in  half-gramme  lots  until  no  more  is  taken  up. 

For  very  accurate  estimation  of  solubility  recourse  is  had  to  the 
lysimeter  of  Dr.  Rice,  while  a  good  method  of  determining  the  solubility  of 
alkaloids  by  use  of  volumetric  solutions  has  been  suggested  by  Hatcher. 
Attention  has  been  called  to  the  fact  that  in  order  to  avoid  supersatura- 
tion in  estimating  solubility  the  mixture  of  the  solid  and  its  solvent  should 
be  thoroughly  agitated  by  means  of  a  mechanical  stirrer  during  the  process 
of  solution. 

STERILIZATION 

This  important  method  of  preserving  medicinal  substances  and  of 
rendering  surgical  appliances  aseptic  has  now  stepped  from  the  confines 
of  medicine  into  the  field  of  pharmacy  and  the  modem  pharmacist  must 
stand  ready  to  prepare  sterile  products  on  demand.  The  call  for  aseptic 
dressings  is  now  largely  filled  by  special  manufacturers;  so  the  prescrip- 
tionist  is  chiefly  called  upon  to  furnish  sterile  solutions. 

Realizing  this  need,  both  U.S.P.  IX  and  N.F.  IV  contain  compre- 
hensive monographs  on  sterilization  that  should  be  carefully  read  by  all 
students. 

Summarized,  the  destruction  or  removal  of  bacteria  or  their  spores 
is  usually  accomplished  by  submitting  the  substance  to  the  action  of 
heated  air  or  steam.  Glass  or  metallic  containers  are  best  sterilized  by 
heating  from  160°  to  170°  for  two  hours.  Medicinal  solutions  not 
injured  by  high  temperatures  are  heated  in  a  current  of  steam  for  one 
hour  if  the  steam  is  at  100°C.;  for  fifteen  to  twenty  minutes  if  it  is  at 
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115**  to  120®.  In  the  former  ease  a  steam  sterilizer  is  used;  in  the  latter 
ease,  an  autoclave  has  to  be  employed. 

If  the  solution  (say,  of  alkaloids)  is  decomposed  by  the  action  of  heat, 
approximate  sterility  may  be  attained  by  filtration  through  a  porcelain 
(Berkefeld)  filter,  into  containers  which  have  been  sterilized  by  steam^ 
or  by  sterilizing  all  apparatus  and  containers  employed  in  making  and 
storing  the  solution  and  by  dissolving  the  substance  in  sterilized  distilled 
water  (p.  368).  If  glycerin  is  the  solvent,  it  may  be  sterilized  by  heating 
in  a  current  of  steam;  while  oil  is  sterilized  by  heating  in  a  suitable  oven 
to  120**. 

In  stoppering  sterilized  solutions,  sterile  rubber  stoppers  must  be 
employed. 

Cotton,  bandages,  gauzes  and  other  surgical  dressings  may  be  sterilized 
either  by  heating  with  steam  at  115°  in  an  autoclave  or  by  dry  heat  at 
160®  to  170°  in  an  oven.  Such  sterilized  dressings  must  be  kept  aseptic 
by  storing  in  sterile  glass  containers  or  by  wrapping  in  sterilized  parchment 
paper. 

The  more  elaborate  monograph  given  in  the  National  Formulary 
outlines  sterilization  at  low  temperature  or  pasteurization  (which  means 
heating  the  material  between  60°  and  70°  for  one-half  to  one  hour  each 
day  on  six  successive  days)  and  sterilization  by  means  of  chemical  agents 
(subjecting  apparatus  and  material  to  the  action  of  such  antiseptics  as 
alcohol,  formaldehyde,  phenol,  etc.) 

AMPULS 

The  preservation  of  sterile  products  in  sealed  glass  tubes- was  first 
tried  by  Limousin  in  1886  and  since  1908,  the  practice  has  become  very 
popular  in  medicine;  so  much  so  that  if  the  prescriptionist  does  not  learn 
to  meet  the  demand,  the  large  manufacturer  will  take  from  him  even  the 
preparation  of  simple  solutions.  The  following  suggestions  are  therefore 
offered  and  further  details  can  be  gotten  from  the  articles  cited  in  the 
bibliography  at  the  end  of  the  chapter. 

Ampuls  are  sealed  glass  tubes  containing  medicaments,  either  solid 
or  liquid  furnished  to  the  ph3rsician  or  the  patient  in  a  sterile  condition 
and  frequently  furnished  single  hypodermic  doses. " 

The  Ampul, — The  glass  tubes,  usually  purchased  from  special 
glass  manufacturers  are  made  from  a  special  type  of  glass  known 
as  No.  16  III,  which  is  less  alkaline  than  the  average  glass.  Nitardy 
shows  that  satisfactory  ampuls  can  be  made  from  ordinary  test-tubes,  but 
in  passing  it  might  be  said  that  such  ampuls  are  almost  certain  to  contain 
enough  free  alkali  to  precipitate  alkaloidal  solutions.  Ampuls  are  some- 
times made  with  the  open  end  fiaring  like  a  funnel,  in  order  to  facilitate 
filling.     (Fig.  123.) 

FiUing  Ampuls. — Many  filling  devices,  some  very  complicated  and 
some  quite  simple,  have  been  devised,  the  aim  being  to  run  the  fluid 
down  through  the  narrow  neck  as  expeditiously  as  possible,  a  trick  that 
is  really  not  easy,  since  some  provision  should  be  made  for  exit  of  air  as 
the  fluid  flows  in.  Some  fill  from  a  burette  to  the  tip  of  which  is  attached 
a  hypodermic  needle;  some  use  the  modem  type  of  large-sized  graduated 
all-glass  hypodermic  syringe  which  can  be  easily  sterilized;  whUe  the  best 
appliance  is  one  in  which  by.  a  system  of  valves  and  air-tight  containers 
the  ampuls  can  be  exhausted  of  air  before  the  fluid  is  introduced  into  the 
container.  Because  of  the  partial  vacuum  in  this  container  and  in  the 
ampuls  found  therein  the  fluid  immediately  fills  the  ampuls  so  soon  as 
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air  is  permitted  to  enter  the  apparatus.     Such  type  of  apparatus,  made 
of  inexpensive  materials,  has  fc«en  devised  by  Lascoff.    (See  Fig.  124.) 

Sealing  the  Ampul. — This  is  accomplished  by  bringing  the  tip  of  the 
filled  and  cleaned  ampul  into  a  small  but  hot  flame  of  a  bla^t  lamp. 
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This  operation  is  not  as  simple  as  first  appears,  but,  like  everything  else, 
practice  will  bring  the  knack.  In  large  factories,  for  instance,  such  sealing 
IS  done  by  young  girls. 

Sterilization. — As  mentioned  above,  the  product  in  the  ampul  should 
reach  the  physician  in  a  sterilized  condition.  This  is  sometimes  accom- 
plished by  having  the  ampuls,  the  fluid  and  the  filler  all  in  sterile  condi- 


>S  Bmpul  Bllfr. 


tion  at  the  moment  of  filling,  but  the  usual  procedure  is  to  sterilize  the 
sealed  ampul  by  heating  in  an  appropriate  oven.  The  oven  must  of 
course  be  provided  with  a  thermometer  and  care  taken  that  the  temp>era- 
ture  be  not  allowed  to  rise  above  that  which  the  content  of  the  ampul 
will  bear  without  decomposition.  It  is  manifestly  very  important  that 
the  oven  be  kept  closed  from  the  beginning  of  the  operation  until  after 
the  sterilization  is  complete  and  the  oven  again  cool,  to  guard  against 
the  risk  of  injury  from  ampuls  which  may  explode  while  being  heated. 
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^^^eous  Solution. — While  physically  a  solution  of  gas  in  a  liquid 
dlu^  ^  but  slightly  from  the  solution  of  either  a  solid  or  a  Uquid,  the  mode 
^/yC^^^ireparing  a  gaseous  solution  differs  sufficiently  from  the  solution  of 
eith^^r  a  solid  or  a  liquid  to  justify  a  special  heading.    In  effecting  the 
qq\^— *ion  of  a  gas  in  water  when  the  gas  is  freshly  generated  or  supplied 
fron::^*  a  storage  tank  (in  which  form  liquid  carbon  dioxide  is  used  largely 
lor  «:3harging  soda  fountains) ,  it  is  first  washed  by  passing  through  water 
and     then  conducting  it  through  a  tube  reaching  almost  to  the  bottom  of 
lYie  <^ontainer  holding  the  Uquid,  and  to  insure  solution  it  is  best  that  the 
conrC^ai^^  be  long  and  narrow.    When  the  soluble  gas  is  run  into  the 
liquid,  it  is  noted  at  first  that  the  large  bubbles  emerging  from  the  end  of 
the   tube  are  absorbed  before  they  reach  the  top  of  the  liquid;  as  the 
solution  becomes  more  and  more  saturated  it  is  found  that  the  bubbles 
are  less  dissolved,  until  finally  it  can  be  noted  that  the  size  of  the  bubbles 
on  emerging  from  the  top  of  the  liquid  is  about  the  same  as  when  emerg- 
ing from  the  end  of  the  tube.     When  this  stage  is  reached,  it  is  always 
advisable  to  remove  the  container  with  the  liquid  and  shake  vigorously, 


Fig.  125. — ^Apparatus  for  drying  gases. 


Fig.  120. — GaaeouB  solution. 


again  pass  gas  through,  and  if  it  is  foimd  by  this  means  that  no  more  gas 
is  being  dissolved,  the  operation  is  complete. 

A  simple  test  of  saturation  of  a  liquid  with  a  gas  is  by  observing  the 
behavior  of  the  solution  after  agitation.  Place  the  hand  over  the  mouth 
of  the  container,  and  if,  after  each  agitation  and  attempted  removal  of 
the  hand  from  the  mouth  of  the  bottle,  a  suction  is  felt,  it  is  a  strong 
evidence  that  the  solution  is  not  saturated.  If,  on  removing  the  hand, 
a  pressure  of  the  escaping  gas  is  observed,  it  is  rather  a  fair  indication  of 
complete  saturation. 

In  some  cases,  before  making  a  solution  of  the  gas,  it  is  essential  that 
same  be  dried,  that  is,  freed  from  water  vapor,  in  which  case,  instead  of 
running  such  gas^  through  water,  it  is  passed  through  concentrated  sul- 
phuric acid,  calcium  chloride,  or  other  substance  having  great  afl^ty 
for  water,  contained  in  appropriate  flasks  (Fig.  125).  There  are  some 
gases  which  cannot  be  dned  with  calcium  chloride  nor  sulphuric  acid, 
such,  for  example,  as  ammonia,  gas  and  in  such  cases  the  gas  can  be  fairly 
well  dried  by  passing  it  through  a  bottle  containing  absorbent  cotton. 
An  illustration  showing  gaseous  solution  is  appended  (Fig.  126). 
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LOTION 

Lotion  is  derived  from  the  Latin  "lotio"  (to  wash),  and  means  the 
removal  of  soluble  impurities  from  insoluble  substances  by  washing  same 
with  water  or  other  appropriate  liquid.  Thus,  in  the  last  stage  of  puri- 
f3ring  precipitated  calcium  carbonate,  the  precipitate  contained  on  the 
^ter  is  washed  with  water,  while  in  making  washed  sulphur  the  sublimed 
sulphur  is  washed  with  a  mixture  of  water  and  ammonia  water. 

Apparatus  used  in  lotion  consists  of  fimnel  with  a  filter-paper,  or 
straining  rack  containing  an  appropriate  strainer.  (See  Colation.)  On 
this  filter  or  strainer  is  thrown  the  substance  mixed  with  the  wash  liquid, 
the  latter,  of  course,  passing  through  the  strainer,  the  meshes  of  which 
hold  back  the  insoluble  matter.  Upon  the  precipitate  contained  on 
the  strainer,  water  or  other  wash  liquid  is  poiu'ed  until  all  of  the  soluble 
impiu-ities  have  been  removed,  as  can  be  ascertained  by  appropriate 
tests. 

When  only  a  small  quantity  of  washing  is  required,  the  liquid  is 
spurted  upon  the  filter  from  a  Spritz  bottle, 
which  consists  of  an  ordinary  pint  chemical 
flask  provided  with  a  two-holed  rubber 
stopper,  through  one  hole  of  which  passes 
a  glass  tube  extending  almost  to  the  bottom 


Fig.  127.— Sprits  bottle. 


Fig.  128.-— Continuotis  washing. 


of  the  flask,  and  above  the  cork  bent  at  an  acute  angle  and  with  the 
outside  end  drawn  to  a  tapering  point.  Through  the  other  hole  is  passed 
a  shorter  piece  of  glass  tubing  bent  at  an  angle  of  120-140  degrees.  The 
water  is  removed  from  the  Spritz  bottle  by  blowing  through  the  shorter 
piece  of  glass  tube,  when  the  increased  pressure  of  air  inside  the  flask 
will  cause  the  liquid  to  pass  through  the  longer  glass  tube,  and  emerge 
from  the  tapering  end  in  a  stream.  If  this  stream  be  directed  to  the 
precipitate  on  the  filter,  the  latter  can  be  thoroughly  and  easily  washed 
(Fig.  127). 

Where  large  quantities  of  a  liquid  are  needed  for  washing,  it  is  a 
simple  matter  to  devise  a  continuous  process  of  washing,  as  shown  in 
appended  cut  (Fig.  128),  in  which  it  will  be  seen  that  a  flask  filled  with 
water  is  inverted  into  the  funnel  containing  the  precipitate  on  the  filter, 
upon  which  the  liquid  rushes  until  it  reaches  the  mouth  of  the  flask, 
when  the  flow  ceases,  owing  to  the  inability  of  the  air  to  pass  into  the 
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flask.  As  the  liquid  of  the  funnel  filters,  its  surface  becomes  lower 
than  the  mouth  of  the  flask,  thus  permitting  the  entrance  of  air,  caus- 
ing a  flow  of  the  washed  liquid  from  the  flask  until  its  mouth  is  again 
closed  by  the  liquid  in  the  funnel,  and  this  continues  until  the  flask 
is  emptied,  and  that  without  danger  of  the  Uquid  running  over  the 
edge  of  the  funnel.  Such  simple  apparatus  is  of  great  value  in  continuous 
filtration,  in  which  case  it  is  a  simple  matter  to  filter  gallons  of  a  liquid 
through  a  half-gallon  funnel. 

DECANTATION 

In  some  cases  it  is  more  convenient  to  wash  a  precipitate  by  placing 
it  in  an  appropriate  glass  vessel,  such  as  a  beaker  or  a  flask,  mixing  thor- 
oughly with  a  wash  liquid,  and  allowing  it  to  stand  \mtil  the  precipitate 
has  completely  subsided,  and  then  removing  the  liquid  by  decantation; 
that  is,  by  gently  lifting  the  container  and  gradually  tilting  same  until 
the  major  part  of  the  liquid  has  been  removed  from  the  precipitate. 
It  is  manifestly  impossible  by  this  means  to  thoroughly  remove  all  the 
liquid,  as  no  matter  how  carefully  decantation  is  continued,  certain 
portions  of  the  precipitate  will  be  disturbed  and  flow  out  with  the  de- 
canted liquid  which,  therefore,  should  be  passed  through  a  filter  to 
collect  the  escaping  precipitate.     Repeated  decantation,  however,  will 
enable  us  to  thoroughly  remove  soluble  matter  from  the  precipitate. 
Thus,  a  precipitate  contains  100  grammes  soluble  impmrities:  by  treating 
with  1000  mils  water,  the  100  grammes  soluble  matter  will  dissolve. 
By  decanting  this,  it  is  possible  to  remove  900  mils,  of  the  liquid  without 
seriously  disturbing  the  precipitate,  and  in  900  mils  90  grammes  of  soluble 
impurities  will  be  contained.     To  the  remaining  Uquid  and  the  precipi- 
tate another  1000  mils  water  is  added,  the  product  thoroughly  mixed, 
and  the  precipitate  allowed  to  settle.     When  900  mils  of  this  second  liquid 
are  removed,  it  means  that  of  the  10  grammes  soluble  substance  remain- 
iiigt  9  grammes  will  have  been  removed,  leaving  with  the  precipitate 
hut  1  gramme  of  the  original  100.    The  operation  repeated,  the  900 
mils  of  the  decanted  liquid  will  remove  0.9  of  the  remaining  gramme 
of  the  soluble  impurity,  and  thus,  after  three  such  washings,  but  one 
one-thousandth  of  the  original  impurity  remains. 

Ordinarily,  however,  such  thorough  washing  by  decantation  is  not 
carried  on,  as  it  means  the  use  of  too  much  water. 

Apparatus  for  decantation  is  the  container  mentioned  above,  con- 
sisting either  of  a  pint  flask  or  a  beaker,  provided  with  a  pour-out  or  lip. 
To  facilitate  the  removal  of  the  decanted  liquid,  a  glass  guiding  rod  is 
^Jsed,  such  as  was  described  on  p.  91.  The  method  of  application  is 
hest  shown  by  appended  cuts  (Figs.  129  and  130).  To  avoid  the  possi- 
bility of  any  of  the  liquid  being  drawn  over  to  the  outside  of  the  beaker 
by  the  capillarity  of  the  glass,  the  edge  of  the  beaker  should  be  smeared 
with  traces  of  some  fat.  The  guiding  rod  is  of  great  value  in  quantitative 
^'^yais,  in  which  case  every  particle  of  the  precipitate  must  be  finally 
removed  from  the  beaker  and  weighed.  This  is  accomplished  by  sUpping 
a  small  piece  of  rubber  tubing  over  the  end  of  the  guiding  rod  and  rubbing 
the  sides  of  the  beaker  with  same.  Such  rubber-tipped  guiding  rod  is 
technically  called  a  "policeman." 

Where  large  quantities  of  liquid  are  to  be  decanted,  recotu-se  is  had 
to  the  syphon,  which  consists  of  a  bent  tube,  one  arm  of  which  is  longer 
than  the  other.  The  shorter  arm  is  placed  in  the  liquid  to  be  removed, 
and  at  the  other  end  of  the  tube  suction  is  appUed  (Fig.  131). 
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We  take  a  syphon,  immerse  the  short  arm  in  water,  and  suck  at  the 
orifice  of  the  longer  arm.  This  has  the  effect  of  producing  a  partial 
vacuum  in  the  tube — ^a  pressure  of  air  therein  much  less  than  the  pres- 
sure of  the  atmosphere  exerted  upon  the  surface  of  the  liquid  in  which 


Fig.  129. — Decantation  from  beaker. 


Fig.  130. — Decantation  from  precipitating  jar. 


the  short  arm  is  plimged.  The  result  is  that  the  superior  pressure 
of  the  atmosphere  forces  the  water  into  the  syphon  through  the  short 
arm,  around  the  bend,  into  the  long  arm — ^thi  result,  of  course,  bdng 
simultaneous  with  the  suction  applied  at  the  end  of  the  long  arm.  En- 
tering the  long  arm,  the  liquid  is  subjected  to  the 
earth's  gravitating  force  and  falls  downward.  As 
each  drop  emerges  from  the  syphon,  were  nothing 
to  take  the  place  occupied  by  that  drop,  a  partial 
vacuum  in  the  syphon  tube  would  occur.  Equili- 
brium— an  exact  balance  between  two  parts  of  a 
machine  or  sjrstem — ^is  the  rule  of  nature,  hence 
difference  in  pressure  in  the  long  and  short  arms 
of  the  syphon  is  not  permitted,  and  the  instant  a 
partial  vacuum  is  produced  in  the  long  arm,  the 
water  in  the  short  arm  and  in  the  vessel  into  which 
the  syphon  dips,  impeUed  by  an  atmospheric  pres- 
sure, passes  over  to  occupy  the  void. 

Just  as  rapidly  as  water  emerges  from  the  long 
arm,  even  so  rapidly  does  water  pass  over  from  the 
short  arm  to  take  its  place,  and  this  condition  con- 
tinues so  long  as  the  short  arm  dips  in  water  and 
the  level  of  this  water  is  higher  than  the  level  of 


Fig.  131. — Syithoning. 


the  water  that  issues  from  the  long  arm. 


GOLATION 

Colation  is  the  technical  name  for  the  simple  process  of  straining, 
by  which  term  is  meant  the  removal  of  coarse  particles  from  a  Uquid 
by  passing  through  a  fabric  the  meshes  of  which  are  comparatively 
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coarse.  Thus,  the  domestic  utensil,  the  colander,  is  useful  in  eolation. 
In  the  same  way  a  sieve  can  be  used  for  the  purpose  of  straining  a  liquid, 
but  ordinarily  the  fabric  through  which  the  substance  is  passed  is  of 
some  form  of  cloth.  Among  the  various  cloths  used  for  straining  are 
felt,  fiannel,  muslin  and  cheese-cloth. 

Felt  strainers  (Fig.  132)  are  usually  of  conic  form  and  yield  a  liquid 
as  clear  as  if  filtered.  Equally  useful  is  a  strainer  made  of  flannel  (Fig. 
133),  and  these  are  generally  sewed  together  in 
the  same  conic  form  aa  the  felt  strainer,  while  the 
muslin  and  cheese-cloth  strainers  are  simply-pieces 
of  these  fabrics  fastened  to  a  frame  (Fig.  134).  The 
latter  consists  of  four  pieces  of  wood,  joined  and 
studded  with  projecting  nails,  on  which  can  be 
fastened  the  straining  cloth.  The  latter  should 
fit  tightly  to  the  frame  without  edges  projecting, 
as  in  the  latter  case  each  filament  of  the  cloth 
acts  as  a  syphon  and  part  of  the  Uquid  runs  over 
the  sides  of  the  strainer  to  the  container  in  a  way 
that  scarcely  betokens  pharmaceutic  elegance.  Fi«.  132  — Peit  struocr. 

In  many  cases  of  straining  the  operation  has 
been  aided  by  what  has  been  termed  "forcible  straining."  which  means 
removing  the  straining  cloth  from  the  frame,  gathering  between  the 
hands  by  a  twisting  movement  the  strainer  and  the  residue  thereon,  and 
then  expressing  (p.  156).  Straining  is  an  imperfect  operation,  inasmuch 
as  the  strained  liquid  is  rarely  as  clear  as  the  careful  pharmacist  desires 
to  dispense;  hence,  in  most  pharmaceutic  operations  filtration  is  far 
preferable. 


n*.  133  --Let^f-mutton  ncniner.  Flf.  131.— Stimincr  on  fmnuj. 

FILTRATION 

Filtration  is  a  nearly  perfect  variety  of  straining;  in  both  processes 
the  operation  of  clearing  the  liquid  being  purely  mechanical.  As  an 
illustration  bringing  this  forcibly  to  mind,  let  us  imagine  we  have  a 
ditch  of  dirty  water  in  which  are  pieces  of  wood  (large  and  small),  waste 
paper,  and  suspended  mud.  The  ditch  narrows  to  an  underground 
drain,  and,  in  order  that  the  drain  does  not  become  cl<^ged  up,  a  grat- 
ing is  placed  at  its  entrance  This  grating  is  perhaps  only  six  or  seven 
iron  bars,  but  as  the  water  parses  by  them,  some  of  the  wood  and  paper, 
not  able  to  pass  through  the  spaces,  remains  on  the  grating.  Sup- 
pose we  take  that  water  which  has  passed  through  the  grating  into 
the  drain-pipe  and  examine  it.  It  will  be  found  as  dirty  as  before,  save 
that  the  larger  chips  and  the  masses  of  paper  are  removed.  It  contains 
bit*  of  straw,  slivers  of  wood,  and  fragments  of  paper  pulp  that  were 
small   enough   to   pass  through   the  grating.     This  unsightly   mixture 
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we  pour  on  a  strainer  of  cheese-cloth.  The  meshes  in  this  are  much 
smaller,  of  course,  than  the  spaces  in  the  grating,  and  the  liquid  emerges 
from  the  strainer  much  clearer,  the  strainer  having  kept  back  straw, 
wood-fiber,  and  paper  pulp,  along  with  considerable  of  the  muddy 
sediment.  However,  it  is  stUl  far  from  clear;  the  suspended  mud  in 
very  finely  divided  form  having  passed  throi^h  the  meshes  of  the  cheese- 
cloth, which  were  not  quite  sroall  enough  to  retain  the  minute  particles. 
So  we  take  the  cloudy  liquid  and  pass  it  through  filtering-paper,  the 
meshes  (the  pores)  of  which  are  bo  small  as  hardly  to  be  seen  with  the 
naked  eye.  This  process  usually  completes  the  work  of  removing 
the  undissolved  particles,  the  liquid  emerging  from  the  filter  perfectly 
clear. 

Let  it  here  be  said  that  modem  sanitary  engineering  has  shown 
that  filtration  of  water  through  long  layers  of  sand  removes  not  only 
visible  dirt,  but  can,  if  properly  carried  out,  remove  bacteria  of  disease. 
Notable  among  such  efforts  are  the  water-works  systems  of  Altona, 
Germany,  and  Lawrence,  Massachusetts. 

The  substance  which  removes  the  impurities  is  called  the  filtering 
medium,  and  the  clear  liquid,  the  fiUrale. 

Apparatus  used  in  filtration  consist  of  the  bottle  or  other  container 
into  which  the  filtrate  drops  and  the  container  holding  the  filtering 


Fii.  I3S. — Plain  funnel.  Fit'  136. — Ribbed  tunnel. 

medium.  The  latter  in  small  operations  consists  usually  of  a  funnel, 
while  in  large  processes  of  filtration  it  consists  of  earthenware  crocks, 
or  tanks  of  iron,  wood,  or  masonry.  The  latter  being  beyond  the  prov- 
ince of  this  work,  reference  will  be  had  solely  to  funnels. 

Funnels  consist  of  conic  vessels  of  glass,  porcelain,  or  metal,  al- 
though the  latter  should  be  carefully  avoided  in  delicate  pharmaceutic 
operations.  To  secure  the  best  success  from  a  funnel,  it  is  necessary 
that  the  cone  shall  be  at  an  equilateral  triangle,  as  otherwise  folded 
filter-paper  will  not  accurately  fit  same.  Of  the  many  varieties  of  fun- 
nels suggested  for  pharmacists'  use,  reference  can  be  had  here  merely 
to  a  few  types.  It  has  been  the  writer's  experience  that  just  as  good 
results  are  obtained  by  using  a  plain  glass  funnel  (Fig.  135)  as  can  be 
secured  with  more  elaborate  varieties,  the  main  point  in  successful 
ffltration  being  the  correct  folding  of  the  filter-paper.  A  very  popular 
form  of  funnel  is  the  one  with  the  ribbed  interior,  to  permit  the  pass- 
ing down  of  the  filtered  Uquid  (Fig.  136).  This,  however,  can  be  accom- 
plished just  as  well  by  the  plaits  of  a  carefully  folded  filter. 
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The  same  funnel  is  provided  with  a  groove  on  the  under  side  of  the 
neck  of  the  funnel  to  permit  the  exit  of  air  from  the  bottle  into  which 
the  liquid  is  filtered.  It  is  better  pharmacy,  however,  not  to  place  the 
funnel  directly  in  the  neck  of  the  receiving  bottle,  but  to  support  it  on 
a  ring  of  the  retort  stand  (Fig.  137). 

If  circumstances  are  such  that  the  funnel  must  be  placed  in  the 
neck  of  the  bottle,  some  provision  for  access  of  air  must  be  made,  and 
this  is  done  by  interposing  between  the  neck  of  the  funniel  and  that  of 
the  receiving  bottle  a  piece  of  cord;  otherwise  the  air  within  the  bottle 
becomes  compressed  as  the  liquid  passes  into  the  bottle  until  either  the 
liquid  ceases  to  filter  through  or  the  air,  in  forcing  its  way  out,  pushes 
with  it  a  certain  quantity  of  the  filtered  liquid  to  the  outside  of  the 
receiving  flasks,  producing  an  untidy  operation. 

This  is  particularly  the  case  if  the  neck  of  the  funnel  is  either  too 
large  or  too  short.  It  should  enter  completely  the  neck  of  the  bottle 
and  pass  within  the  wider  portion  of  same. 

The  filtering  medium  consists  of  paper,  cotton,  asbestos,  sand, 
or  stone,  the  first  two  being  generally  used  in  retail  pharmacy. 

Paper  filters  consist  of  sheets  of  unsized  paper, 
which,  when  properly  folded,  form  a  conic  bag  on 
which  the  liquid  to  be  filtered  is  poured.  In  com- 
merce we  find  two  varieties  of  such  filter-paper, 
one  being  gray  and  the  other  white.  The  latter 
is  more  expensive  than  the  gray,  but  is  preferable 
for  pharmaceutical  use. 

The  filter-paper  can  be  folded  in  two  ways 
(usually  termed  plain  and  plaited  filters),  and  each 
has  its  peculiar  use,  plain  filters  being  indicated 
when  the  precipitate  is  desired,  and  plaited  filters 
when  the  filtrate  is  sought  for. 

In  making  a  plain  filter,  the  paper  is  folded 
but  twice,  in  each  case  the  sheet  being  divided  ex- 
actly in  half.  The  result  is  a  perfect  cone,  with  one 
thickness  of  paper  on  one  side  and  three  thicknesses 
on  the  other,  which  naturally  produces  unequal 
filtration.  In  order  to  equalize,  we  very  frequently  ^ 
use  two  such  plain  filters,  so  alternating  that  both  sides  will  be  four  layers 
of  the  filter-paper.  At  its  best  a  plain  filter  does  not  remove  the  liquid 
with  rapidity  because  the  paper  lies  flat  against  the  surface  of  the  funnel, 
and  the  only  place  through  which  the  filtrate  can  readily  pass  is  at  the 
point  which  lies  exposed  at  the  neck  of  the  funnel.  Therefore,  for  rapid 
filtration,  a  plaited  filter  is  best. 

In  the  plaited  filter  the  paper  is  so  folded  as  to  make  a  cone  of  equal 
thicknesses  on  all  sides,  and  is  also  provided  with  canals  through  which 
the  filtrate  can  run.  The  plaiting  of  a  filter  is  a  matter  of  considerable 
skill,  and  there  is  but  one  correct  way  to  fold  a  successful  filter.  To 
thoroughly  understand  the  method  it  is  necessary  to  accompany  the 
explanation  by  illustrations  (Figs.  138  and  139).  The  circidar  piece 
is  folded  exactly  in  the  center  (a).  This  semicircle  is  again  folded  in 
its  center  (6).  The  semicircle  is  then  opened  and  half  of  the  semicircle 
is  folded  upon  the  central  crease  (c).  This  gives  one-fourth  of  the  circle 
divided  into  eighths,  and  these  eighths  are  now  folded  into  sixteenths 
(d),  each  fold  being  against  the  upper  surface  of  the  filter-paper. 

Attention  is  then  paid  to  the  other  fourth  of  the  circle,  it  being 


Fig.  137. — Correct  filtra- 
tion: a.  Ftinnel;  6,  filtering 
stand;  e,  receiving  bottle. 
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folded  exactly  as  was  the  first  fourth,  and  as  a  result  it  being  folded  into 
sixteenths  as  shown  in  {e).  These  sixteenths  are  then  divided  into 
thirty-seconds  by  folding  each  back  on  itself,  and  when  finished  the 
unopened  filter  should  present  the  appearance  of  (/),  that  is,  a  series  of 
perfectly  symmetric  plaite,  only  two  of  which  will  rest  against  the 
edge  of  the  funnel,  and  these  can  be  removed  by  folding  same  into  sixty- 
fourths,  as  (g).  The  observance  of  the  following  details  will  contribute 
to  attaining  the  id^  in  filtration: 

First,  the  folds  of  the  filter  should  not  be  pemaitted  to  extend  to 
the  point  of  the  filter,  but  in  plaiting  the  filter  the  crease  should  be 
made  from  the  point  toward  the  edge,  a  finger  being  kept  on  the  point 
to  prevent  the  creasing  of  same.  The  necessity  of  sparing  the  point 
can  be  understood  when  it  is  appreciated  that  every  crease  in  the  piece 
of  paper  contributes  to  the  weakening  of  same,  and,  therefore,  the  passing 
of  sixteen  creases  across  the  central  point  forming  the  tip  of  the  filter  is 


Fin.  138  and  130. — Folding  plaited  filtai 


apt  to  so  weaken  it  that  it  will  break  as  soon  as  the  liquid  is  poured 
upon  it,  the  greatest  pressure  of  the  liquid  being  exerted  on  the  filter  tip. 

Second,  the  filter  should  be  moistened  before  filtering.  This  opens 
the  pores  of  the  filter,  rendering  easier  the  passage  of  the  hquid  throuj^h 
the  filter.  It  is  needlessto  say  that  the  filter  should  be  moistened  with 
the  hquid  which  is  the  solvent  for  the  drug  intended  to  be  filtered.  Thus, 
to  moisten  with  water  a  filter  through  which  it  is  intended  to  pass  essence 
of  ginger,  would  be  doing  much  more  harm  than  good.  The  moistening 
of  such  a  filter  should  be  done  with  alcohol. 

Third,  when  the  filter  is  moistened,  it  is  advisable  to  push  the  tip  of 
the  jilter  fairly  well  down  into  the  neck  of  the  funnel.  This  serves  to 
strengthen  the  filter  tip. 

Fourth,  in  pouring  the  liquid  on  the  filter,  avoid  throwing  it  directly 
on  the  tip,  but  gradually  pour  it  upon  one  side  of  the  filter,  as  otherwise 
the  force  of  the  fall  is  apt  to  rupture  the  paper. 

Fifth,  the  paper  should  not  project  above  the  funnel.     It  is  a  human 
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failing  to  fill  the  filter  as  completely  as  possible,  and  in  case  the  paper 
projects  over  the  side  of  the  funnel,  the  actual  level  of  the  liquid  may 
be  above  the  top  of  the  funnel,  and  a  rupture  of  the  paper  brings  dis- 
astrous results.  The  chief  reason,  however,  for  this  rule  is  that  the 
projecting  paper  aflfords  considerable  surface  exposed  to  the  air,  thereby 
producing  spontaneous  evaporation,  with  accompanying  loss  of  the  liquid. 
This  is  particularly  the  case  when  the  liquid  to  be  filtered  is  volatile. 

Cotton  Filter. — In  many  cases  of  simple  filtration  all  that  is  necessary 
to  remove  the  insoluble  matter  is  the  passing  of  the  liquid  through  a 
pledget  of  cotton  placed  in  the  neck  of  the  funnel.  This  method  of 
filtration  is  one  which  should  be  practised  more  frequently  behind  the 
prescription  counter  than  is  usually  the  case.  Every  prescription  calling 
for  a  solution  should  be  dispensed  absolutely  clear,  and  to  insure  this 
the  finished  solution  should  be  filtered  through  cotton  before  dispensing. 
If  three  or  four  fimnels  of  various  sizes  be  kept  within  reach  and  a  pack- 
age of  absorbent  cotton  be  kept  in  the  drawer  of  a  prescription  case,  such 
filtration  is  exceedingly  simple,  the  custom  of  the  writer  being  to  filter 
directly  into  the  bottle  in  which  the  prescription  is  dispensed. 

Asbestos  Filter. — ^Instead  of  a  plug  of  cotton,  a  similar  plug  of  puri- 
fied wooly  asbestos  inserted  in  the  neck  of  the  funnel  affords  an  admirable 
method  for  the  filtering  of  strong  acid  or 
alkaline  liquids,  which  would  destroy  filter- 
paper  or  cotton.  Such  asbestos  wool  can 
now  be  easily  obtained  at  moderate  cost, 
and  should  share  a  place  in  the  drawer  in 
which  the  absorbent  cotton  is  kept.  By 
means  of  the  asbestos  it  is  a  very  simple 
matter  to  filter  a  solution  of  soda  or  solu- 
tion of  potassa. 

Sand-  and  stone-filters  are  used  in  large 
operations  only,  such  as  filtering  drinking- 
water.  The  sand-filter  usually  consists  of 
a  vat  in  which  are  placed  alternate  layers 
of  sand,  charcoal,  and  gravel,  usually  to  a 
depth  of  two  or  three  feet.  Upon  this  the 
water  is  thrown  and  percolates  through  to  the  bottom,  and  is  drawn  off 
by  means  of  a  faucet. 

Many  patent  varieties  of  stone-filters  are  in  the  market,  they  consist- 
ing of  porous  stones  cut  into  shapes  jsuitable  for  the  container,  and  through 
which  the  liquid  passes.  A  very  convenient  and  small  modification  of 
the  stone-filter  is  thfe  porous  flask  (Fig.  140),  which  is  attached  to  a 
syphon  and  placed  in  a  vessel  containing  the  liquid  desired  to  be  filtered. 
The  play  of  the  syphon  once  established,  the  liquid  passes  from  the 
original  container  through  the  porous  fiask,  and  emerges  from  the 
syphon  completely  filtered. 

Filtration  through  Absorbent  Powder. — This  is  a  modification  of 
filtration  where  the  separation  of  the  insoluble  matter  is  facilitated  by 
the  use  of  some  powder  that  has  the  property  of  adsorbing  such  material. 
On  a  small  scale  the  powders  employed  are  magnesium  carbonate,  -talc^ 
infusorial  earth,  etc.,  these  being  used  to  aid  filtration  through  paper. 
In  this  way  some  of  the  official  aromatic  waters  are  prepared  (p.  174). 

Adaorptioii  is  now  recognised  as  an  important  phenomenon  in  physical  chemistry ; 
the  holding  back  of  the  matter  by  the  absorbent  powder  being  akm  to  atomic  attrac- 
tion (p.  346). 


Fis.  140. — Porous  flask  filter. 
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Volatile  Filtration. — In  case  the  liquid  to  be  filtered  13  volatile,  precau- 
tions must  be  taken  to  prevent  undue  evaporation.  This  is  usually 
accomplished  by  placing  the  filter-paper  in  a  funnel  considerably  larger 
than  itself,  covering  the  funnel  with  a  sheet  of  rubber  or  plate  of  glass, 


while  the  neck  of  the  funnel  fits  into  a  cork  stopping  the  neck  of  the  receiv- 
ing bottle.  In  order  to  permit  exit  of  air  from  the  receiving  bottle  and 
IS  of  air  into  the  top  of  the  funnel,  these  two  may  be  connected  with 


Vlt-  1*!-— Funnel 


a  rubber  or  glass  tube  in  the  same  way  as  explained  under  Volatile 
Percolation  (p.  166). 

Hot  Filtration. — Some  Uquids  can  be  filtered  only  when  quite  hot, 
and  with  certain  easily  fusible  solids  the  best  method  of  purification  is  by 
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filtering  Eame  in  the  molten  state;  such,  for  example,  is  the  case  with 
wax.  In  all  such  cases  the  funnel  containing  the  filtering  liquid  must 
be  kept  warm,  and  for  such  purposes  various  forms  of  hot  filtration 
apparatus  have  been  devised  (Fig.  141).  These  usually  consist  of  water- 
baths  with  the  conic  holes  in  which  the  funnel  will  fit.  A  cheap  and 
practical  form  of  such  hot  filtration  apparatus,  devised  by  Dr.  R.  A, 
Hatcher,  consists  of  a  tinned  iron  funnel  with  its  neck  closed  by  a  per- 
forated cork,  through  which  passes  the  neck  of  a  glass  funnel.  In  the 
space  between  the  inner  wall  of  the  metallic  funnel  and  the  outer  wail  of 
the  glass  funnel  water  is  placed  and  kept  warm  by  means  of  a  Bunsen 
burner  (Fig.  142). 


He.  143.— RsF^d  eitntiot 


Bapid  Filtratioii, — In  many  cases  of  ordinary  processes  of  filtration 
the  liquid  filters  through  so  slowly  that  some  means  to  increase  the  fiow 
is  necessary.  This  is  usually  accomplished  by  fitting  the  receiving 
bottle  with  a  two-holed  rubber  cork,  through  one  perforation  of  which 
the  neck  of  the  funnel  passes,  while  the  other  is  fitted  with  a  bent  glass 
tube  connected  with  an  apparatus  which  will  rarefjf  the  air  within  the 
receiving  bottle  (Fig.  143).  A  special  form  of  receiving  bottle  is  obtain- 
able in  which  the  air  is  drawn  off  by  a  tube  connected  from  the  side  of 
the  bottle  (Fig.  144),     In  such  cases  the  pressure  of  the  atmosphere 


acting  on  the  surface  of  the  liquid  in  the  filter  is  greater  than  the  pressure 
within  the  receiving  bottle,  and  hence  forces  the  liquid  through  the 
pores  of  the  filter  into  the  receiving  bottle,  and  that  frequently  with  such 
great  force  as  to  rupture  the  filter-paper  unless  some  means  is  taken  for 
its  protection.  This  is  usually  accomplished  in  filtering  liquids  in  quanti- 
tative chemistry  by  fortifying  the  tip  of  the  filter-paper  with  a  cone  of 
perforated  platinum.  Such  quantitative  precipitates,  however,  can  best 
be  separated  from  the  liquids  in  rapid  filtration  by  use  of  the  Gooch 
crucible  filter  (F^.  145),  which  consists  of  a  porcelain  crucible  provided 
with  a  perforated  bottom  in  which  is  inserted  a  plug  of  asbestos,  and  this, 
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by  means  of  the  large  rubber  tubing,  fitted  to  the  sm^ler  funnel  connected 
with  filtering  flask  (Fig.  146). 

The  rarefication  of  the  air  within  the  flaak  can  be  accomplished  with 


i 


erudble  ia  filterinc  fliuk. 


Tia.  U7.~8Tpboa  filtration 


the  water-pump  pictured  on  p.  92,  or,  in  ita  absence,  su£Gcient  air  can 
be  removed  by  the  simple  expedient  of  eyphon  suction. 

The  apparatus  consists  of  two  one- 
gallon  jugs,  each  fitted  with  two-holed 
corks.  Through  the  orifices  of  each  cork 
passes  bent  glass  tubing,  oae  extending  to 
the  bottom  of  the  iug,  the  other  only  a 
few  inches  below  the  under  side  of  the 
cork.  In  the  operation  one  jug  ia  filled 
with  water,  placed  on  a  table,  and  con- 
nected with  the  other  jug  placed  on  the 
floor  by  rubber  tubing  attached  to  the 
long  glass  tube  of  each  jug.  The  small 
glass  tube  of  the  upper  jug  is  fitted  by 
thick  rubber  tubing  to  the  end  of  the 
aspirator,  and  the  water  in  the  jug  is  made 
to  syphon  over  into  the  lower  jug,  thus 
producing  a  suction  of  the  upper  jug  and 
the  filtering  bottle.  When  aU  water  has 
ruD  into  the  lower  jug,  the  position  of 
vessels  is  reversed  and  the  operation  con- 
Fig.  148.— The  De  Lsvii  ciuiGer  >nd    tinued  (Fig.  147). 
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CHAPTER  VIII 


CXARinCATION,  DECOLORIZATION,  AND  SEPARATION  OF 

IMMISCIBLE  LIQUIDS 

CLARIFICAnON 

CiiARiFiCATioN  Is  the  proccss  of  clearing  a  liquid  without  the  aid  of 
filtration.  As  filtration  is  a  simple  and  thorough  operation,  clarification 
is  substituted  for  it  only  in  cases  where  filtration  is  difficult,  if  not  im- 
possible, as  in  the  case  of  mucilaginous  and  other  viscid  Uquids  which 
will  not  pass  through  the  pores  of  a  filter.  The  clarification  of  liquids, 
whenever  possible,  is  accomplished  by  means  which  are  purely  mechanical 
clarification  by  means  of  chemicals  not  being  recommended  because  of 
danger  of  alteration  of  the  liquid  during  the  process.  The  apparatus  for 
clarification  is  usually  of  the  simplest  character,  consisting  generally  of 
a  vat,  kettle,  or  dish,  and  some  form  of  strainer  through  which  the  liquids 
are  passed  to  remove  it  from  the  soUds.  Clarification  is  accomplished 
in  the  following  ways: 

1.  Heaiing, — In  many  cases  the  liquid  to  be  clarified  is  turbid  by 
reason  of  suspended  or  partially  dissolved  albumin  or  wax.  In  such  cases 
heating  usually  accompUshes  clarification  by  coagulating  the  albumin 
or  by  causing  the  waxy  substance  to  Hquef y  and  rise  to  the  surface.  After 
such  cases  of  clarification  the  cool  Uquid  is  either  strained,  or  the  separated 
soUds  float  on  the  surface  (scum)  and  are  removed  by  skimming.  An 
illustration  of  this  kind  of  clarification  is  the  process  of  clarifying  honey, 
as  given  in  the  pharmacopoeia  of  1880. 

2.  Increasing  Fluidity. — In  some  cases  suspended  particles  of  dirt, 
grit,  and  straw  make  turbid  a  liquid  which  is  so  viscid  that  these  particles 
can  neither  rise  to  the  surface  of  the  Uquid  if  lighter  than  same,  nor  sink 
to  the  bottom  if  heavier.  This  can  be  remedied  by  diluting  the  liquid 
with  water  until  sufficiently  Umpid  to  permit  separation  of  the  solid 
matter  and  then  evaporating  the  excess  of  water. 

3.  By  Use  of  Albumin. — ^The  method  given  above  is  not  always 
satisfactory,  as  frequently  it  is  inconvenient  to  evaporate  the  excess  of 
water,  and,  moreover,  it  is  often  the  case  that  the  particles  do  not  separate 
of  their  own  volition.  The  separation  of  these  particles  can  be  faciUtated 
by  thoroughly  mixing  white  of  egg  with  the  liquid  and  then  heating  the 
mixture,  when  the  albumin  coagulates  and  rises  to  the  surface  of  the 
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liquid,  carrying  with  it  the  mechanical  impurities,  which  are  skimmed 
off  along  with  the  solidified  albumin.  By  this  process  boiled  coffee  is 
rendered  clear. 

4..  By  Use  of  Milk. — ^In  the  above  operation  milk  is  sometimes  substi- 
tuted for  albumin,  this  acting  the  same  way  by  reason  of  the  coagulation 
of  the  casein  it  contains. 

5.  Paper  Pulp, — A  similar  mechanical  separation  of  the  particles  can 
be  accomplished  by  tearing  filter-paper  into  shreds,  mixing  it  thoroughly 
with  the  liquid,  and  heating.  When  the  paper  rises  to  the  surface  it 
carries  with  it  the  suspended  particles,  which  are  removed  by  skimming. 
The  official  method  of  clarifying  honey  combines  the  use  of  paper  pulp 
with  increasing  the  fluidity  of  the  liquid. 

6.  By  Sedimentation, — If  the  particles  rendering  the  liquid  turbid  are 
sufficiently  heavy,  they  will  settle  to  the  bottom  of  the  containing  vessel, 
even  though  the  liquid  is  quite  viscid,  if  sufficient  time  is  given  to  accom- 
plish the  separation.  This  slow  method  of  separation  is  called  sedimenta- 
tiony  and  the  insoluble  matter  finally  settUng  at  the  bottom  of  the  vessel 
is  called  the  sediment.  The  term  predpitale,  frequently  applied  to  the 
sediment,  is  incorrect,  as  by  precipitate  we  mean  insoluble  matter  which 
has  been  in  solution,  whereas  the  particles  composing  sediment  have 
never  been  dissolved. 

7.  By  Use  of  Gelatin, — Gelatin  is  only  employed  for  clarifying 
liquids  containing  tannin,  the  action  in  this  case  being  chemical,  and 
not  mechanical.  Gelatin  forms  with  tannin  an  insoluble  combination, 
similar  to  leather. 

8.  By  Fermentation, — This  is  a  method  of  clarification,  the  appli- 
cation of  which  is  limited  to  the  preparation  of  fruit-juices  used  at  soda 
fountains.  ,  The  preparation  of  these  is  a  very  simple  matter.  Fruit  is 
crushed  either  by  pounding  in  a  tub  or  by  means  of  a  fruit-crusher  or 
grater,  and  the  pulp  allowed  to  stand  in  a  comparatively  warm  place  for 
twenty-four  hours.  Partial  fermentation  is  begun,  and  the  sUght  change 
in  the  chemical  character  effects  a  separation  of  the  clear  juice  from  the 
pulp  and  albuminous  matter,  permitting  the  easy  separation  of  the  juice 
from  the  insoluble  matter  by  straining,  and  the  strained  juice  is  then 
placed  in  bottles,  corked,  and  sterihzed  by  submitting  to  the  action  of 
boiling  water  for  half  an  hour  or  mor^,  or,  if  preferred,  the  sterilization 
can  be  omitted  and  the  fruit  preserved  by  the  addition  of  alcohol.  Some 
of  the  commercial  juices  are  preserved  by  the  addition  of  salicyUc  acid  or 
other  preserving  agents,  but  in  most  States  the  addition  of  these  preserving 
agents  is  prohibited  by  legislative  action. 

DECOLORIZATION 

Decolorization  is  the  process  of  removing  color  from  a  substance, 
and  is  usually  accomplished  by  macerating  the  solution  with  animal 
charcoal  for  several  days  and  then  filtering.  Animal  charcoal  is  the 
only  convenient  substance  possessing  this  decolorizing  property,  due 
to  the  powers  of  absorption  it  possesses.  This  absorbing  ability  is  not 
limited  to  coloring-matter,  but  also  to  glucosides,  alkaloids,  and  bitter 
principles,  hence  in  decolorizing  decoctions  of  the  drugs  containing 
the  latter  substances  by  animal  charcoal  they  suffer  some  loss  in  active 
principles.  (See  p.  386.) 

SEPARATION  OF  IMMISCIBLE  UQUIDS 

By  immiscible  liquids  we  mean  two  Uquids  which  do  not  dissolve 
in  each  other,  for  example,  water  and  oil,  and  in  cases  where  these  two 
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are  brought  together,  it  is  very  frequently  useful  to  have  a  means  of 
separating  them  readily.  In  some  cases  inuniscibility  is  intentional. 
For  example,  in  alkaloidal  assays,  we  pour  into  an  alkaUne  aqueous  solu- 
tion some  "immiscible"  solvent  such  as  ether  or  chloroform  in  order 
that  the  alkaloid  can  be  taken  out  of  the  aqueous  layer  by  the  added  sol- 
vent. (See  Part  V.)  Immiscible  liquids  are  separated  by  several  methods. 
In  case  the  amoimt  of  one  of  the  liquids  is  very  small,  it  can  be  separated 
from  the  other  by  means  of  a  ptpette,  one  end  being  placed  in  the  Uquid, 
which  is  drawn  into  the  pipette  by  means  of  suction  (Fig.  149). 


rig.  149. — Separation  of  immlacible  liquids 
with  pipette. 


Fig.  160. — Separatory     Fig.  151. — Squibb'a  aepa- 
funnel.  ratory  funnel. 


A  similar  form  of  crude  separation  can  be  accomplished  more  thor- 
oughly by  a  cheap  glass  syringe^  the  suction  in  this  case  being  accom- 
plished by  moving  the  piston.  Both  these  means  of  separation,  however, 
are  very  primitive,  and  should  be  used  only  in  emergencies.  Abso- 
lutely Uiorough  separation  can  be  accomplished  by  the  inexpensive 
ieparalory  funnel  (Figs.  150  and  151),  which  consists  of  a  glass  tube 
provided  with  a  glass  stopper  and  terminating  in  a  tapering  tube  to 


K«.  152. — Florentine  receiver  for       Fig.  153. — Florentine  re-  Fig.  154. — Florentine  receiver 

heavy  liquids.  ceiver  for  light  liquids.  combined. 

which  is  fitted  a  glass  stop-cock.  For  those  economically  incUned, 
an  ordinary  glass  funnel  can  be  used  as  a  separatory  funnel  by  fitting 
in  the  neck  of  same  a  velvet  cork,  fitted  with  a  glass  rod,  and  allowing 
the  Uquid  to  run  out  from  the  funnel  by  raising  the  cork  and  pressing 
it  down  when  the  last  portion  of  the  heavy  liquid  has  been  separated. 
Considering,  however,  the  low  price  of  a  separatory  funnel,  the  use  of 
tiiis  crude  apparatus  is  hardly  justified. 

One  immiscible  liquid  can  be  crudely  separated  from  another  by 
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means  of  a  syphoriy  but  to  this  method  the  same  comments  can  be  applied 
as  to  separating  with  a  syringe. 

By  Florentine  Receiver. — For  the  separation  of  a  quantity  of  immisci- 
ble liquids  too  large  for  the  separatory  funnel,  recourse  is  had  to  the 
Florentine  receiver  (Figs.  152,  153,  and  154),  this  being  used  in  the 
steam  distillation  of  substances  containing  volatile  oils  to  separate 
the  volatile  oil  from  the  water  which  accompanies  it  in  the  distillation. 
As  shown  in  cuts,  two  forms  of  such  receiver  are  used,  accordingly 
as  the  oil  is  heavier  or  Ughter  than  water,  each  apparatus  being  so  arranged 
as  to  cause  the  flowing  out  of  the  water  and  retention  of  the  oil  in  the 
receiver,  while  the  third  cut  shows  a  receiver  adapted  to  either  light  or 
heavy  oils. 

A  crude  method  of  separating  chloroform  from  large  quantities  of 
water,  such  as  is  sometimes  required  in  the  extraction  of  alkaloids  from 
drug  decoctions  by  shaking  with  chloroform,  is  by  agitating  the  mixture 
in  a  five-gallon  demijohn  or  can,  and  suddenly  inverting  same  into  a 
quart  or  half-gallon  wide-mouthed  bottle,  and  when  the  chloroform 
has  completely  separated  into,  the  jar,  the  demijohn  is  removed  and  the 
chloroform  separated  from  last  small  quantities  of  water  by  use  of  an 
ordinary  separatory  fimnel. 
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CHAPTER   IX 

PRECIPITATION,  CRYSTALLIZATION,  GRANULATION, 

EXSICCATION,  AND  DIALYSIS 

PREClPIl'AnON 

Pbecipitation  is  the  process  of  separating  a  solid  from  its  solution 
by  the  aid  of  physical  or  chemical  action.  The  substance  so  separated 
is  called  a  precipitate;  the  chemical  producing  this  precipitate  is  called 
the  predpitanty  while  the  Uquid  remaining  above  the  precipitate  sub- 
stance is  termed  the  supematard  liquid. 

As  mentioned  in  the  last  chapter,  a  precipitate  differs  from  a  sedi- 
ment in  that  a  precipitate  is  separated  out  from  its  former  state  of  solu- 
tion,* while  a  sediment  has  never  been  dissolved.  In  order  to  precipi- 
tate a  substance  it  is  necessary  to  first  get  it  into  solution.  On  the 
other  hand,  the  precipitated  substance  is,  in  the  nature  of  things,  a 
substance  insoluble  in  water,  and  must,  therefore,  be  dissolved  by  special 
agents,  the  act  of  solution  frequently  bringing  about  a  chemical  change. 

Precipitation  may  be  due  to  chemical  or  physical  causes.  The 
most  important  phase  of  precipitation  is  that  involving  chemical  action, 
wherein  the  two  reacting  substances  are  dissolved  in  separate  portions 
of  water,  and  on  mixing  these  solutions  an  insoluble  body  will  be  formed 
and  precipitated. 

But  we  have  precipitations  that  are  due  to  purely  physical  causes. 
Thus  from  a  hot  supersaturated  solution  on  cooUng  will  be  precipitated 
the  excess  of  dissolved  substance.  Likewise,  solution  of  such  sub- 
stances which  are  more  soluble  in  cold  water  than  in  hot  (like  lime)  will 
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be  precipitated  when  they  are  heated,  such  cases  being  examples  of 
precipitation  through  change  in  temperature.  We  have  learned  that 
substances  may  be  soluble  in  one  Uquid  and  insoluble  in  another;  thus, 
gum  arable  dissolves  in  water,  but  is  insoluble  in  alcohol.  If  alcohol  is 
added  to  a  solution  of  acacia,  it  diffuses  through  the  water  and  the  acacia 
is  precipitated,  an  example  of  precipitation  through  change  in  menstruum. 

Objects  of  Precipitation. — ^We  precipitate  substances  chiefly  to  purify 
same.  As  will  be  noted  later,  the  purification  of  chemicals  which  are 
soluble  is  easily  effected  by  crystallization,  and  Ukewise,  the  purification 
of  insoluble  chemicals  is  generally  accomplished  by  precipitation,  and 
in  both  cases  the  act  of  purification  is  accompUshed  by  bringing  the  sub- 
stance into  solution.  Therefore,  in  precipitation  we  dissolve  a  substance 
in  some  way  usually  by  changing  the  identity  of  the  chemical.  The 
solution  thus  obtained  is  rendered  free  from  insoluble  extraneous  matter 
by  filtration,  and  to  the  filtered  Uquid  is  added  the  appropriate  precipi- 
tant, which  converts  the  chemical  into  the  insoluble  form  desired,  leaving 
the  soluble  impurities  in  the  supernatant  Uquid. 

Another  object  of  precipitation  is  to  obtain  the  substance  in  fine  poto- 
der^  the  insoluble  matter  usually  separating  out  in  almost  molecular 
subdivision. 

A  third  object  of  precipitation  is  for  its  value  in  chemical  testing. 
Practically  the  entire  scheme  of  analytic  chemistry  (Chapter  LII.)  is 
based  on  the  separation  of  the  various  elements  from  solution  by  the 
addition  of  an  appropriate  precipitant. 

Operation. — ^As  mentioned  above,  precipitation  can  be  accom- 
plished by  either  physical  or  chemical  means,  although  by  far  the  greater 
number  of  precipitates  used  in  pharmacy  and  chemistry  are  produced  by 
chemical  means.  Among  the  physical  means  of  precipitation  is  the  use 
of  heaty  as  shown  by  the  precipitation  of  the  egg-albumen  from  the  mix- 
ture by  heating  when  the  albumen  coagulates,  as'  explained  in  the  pre- 
ceding chapter. 

Another  ph3rsical  form  of  precipitation  is  by  changing  the  nature  of 
the  solvent.  As  mentioned  in  Chapter  VII.,  a  substance  may  freely 
dissolve  in  one  solvent,  but  be  insoluble  in  another,  and  in  such  cases  the 
addition  to  the  solution  of  the  substance  of  the  Uquid  in  which  it  is  insoluble 
usually  effects  the  precipitation  of  the  soUd,  provided  always  that  the 
added  Uquid  is  freely  nuscible  with  the  Uquid  which  holds  the  salt  in  solu- 
tion. A  case  of  this  kind  is  that  of  acacia,  which  will  be  precipitated  from 
its  aqueous  solution  on  the  addition  of  alcohol.  This  separation,  it  will 
be  noted,  is  purely  physical,  and  it  differs  from  the  precipitation  of  acacia 
from  its  aqueous  solution  by  the  addition  of  lead  subacetate,  in  which 
case  chemical  change  is  effected. 

Among  the  chemical  means  of  precipitation  it  is  possible  to  include 
the  action  of  light.  Even  that  precipitation  is  frequently  considered 
as  a  physical  means,  but  it  is  true  that  precipitation  effected  by  Ught 
is  brou^t  about  by  the  Ught  changing  the  chemical  character  of  the 
jH'ecipitated  substance.  One  case  where  Ught  produces  precipitation 
is  with  the  salts  of  silver.  Almost  every  pharmacist  has  noted  the 
precipitation  occurring  in  solution  of  sQver  nitrate  exposed  to  the  Ught 
when  the  sides  of  the  vessel  become  coated  with  a  black  substance,  which 
is  metalUc  silver,  the  Ught  acting  on  silver  nitrate,  reducing  it  to  the  me- 
talUc  form.  The  usual  chemical  method  of  precipitation,  however,  is 
by  adding  a  precipitant,  as  mentioned  above,  and  as  iUustrated  in  the 
manufacture  of  precipitated  calcium  carbonate  from  prepared  chalk. 
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These  two  substances  are  chemically  identical,  the  only  difference 
being  that  prepared  chalk — ^a  natural  product — ^is  only  sUghtly  purified 
by  the  process  of  elutriation  and  trochiscation;  hence  is  apt  to  contain 
more  or  less  impurities,  and  it  is  freed  from  these  impurities  by  the  proc- 
ess of  precipitation. 

In  converting  the  prepared  chalk  into  calcium  carbonate,^  five  stages 
in  the  operation  may  be  noted.  The  first  is  to  get  prepared  chalk  or 
the  calcium  part  of  it  into  solution,  for  it  is  through  solution  that  a 
substance  can  be  readily  freed  from  impurities. 

To  effect  this  solution  a  chemical  change  is  necessary;  in  other  words, 
the  insoluble  calcium  carbonate  must  be  converted  into  a  soluble  salt 
of  calcium,  and  the  salt  selected  is  calcium  chloride.  This  calcium 
chloride  is  produced  from  the  prepared,  chalk  by  the  addition  of  hydro- 
chloric acid,  the  reaction  being: 

CaCO,  +  2HC1  -  COj  +  H2O  +  CaOi. 

The  calcium  chloride  solution  so  obtained  is  filtered  to  effect  a  separar 
tion  of  insoluble  particles,  and  this  filtration  might  be  considered  the 
second  stage  of  the  process.  The  third  stage  of  the  process  is  the  real 
precipitation,  which  is  accomplished  by  adding  to  the  solution  of  cal- 
cium chloride  the  precipitant,  which  is  a  solution  of  any  soluble  carbonate, 
and  for  practical  purposes  sodium  carbonate  is  alwa3rs  used,  the  reaction 
at  this  stage  being: 

CaCl,  +  Na,COi  =  2NaCl  +  CaCO|. 

It  will  be  seen  that,  besides  calcium  carbonate  (precipitated  chalk), 
sodium  chloride  is  formed,  and  the  moist  precipitated  carbonate  is  wet — 
not  with  pure  water,  but  with  a  solution  of  salt.  If  we  dry  the  precipi- 
tate just  as  it  separates  from  the  liquid  of  which  it  was  once  a  part, 
we  get  a  product  contaminated  with  salt,  but  if  we  wash  it,  the  sodium 
chloride  dissolves,  leaving  behind  pure  calcium  carbonate  moistened 
only  with  water. 

Therefore,  we  wash  the  moist  precipitate,  this  constituting  the  fourth 
stage  in  the  process  of  precipitation.  Lastly,  the  moist  precipitate 
must  be  dried,  which  constitutes  the  fifth  and  last  stage  of  the  process. 

Apparatus  used  in  precipitation  by  chemical  means  consist  of  a  chem- 
ical flask  or  evaporating  dish  in  which  the  insoluble  substance  is  made 
into  the  soluble  form,  the  funnel  and  filter  by  means  of  which  the  solu- 
tion is  rendered  clear,  the  jar  or  dish  in  which  the  filtered  solution  is 
mixed  with  the  precipitant,  and  where  the  precipitate  is  allowed  to  collect, 
a  strainer  or  a  plain  filter  in  which  the  precipitate  is  collected  and  washed, 
and,  lastly,  a  drying  closet  or  other  means  of  desiccation  by  which  the 
moist  precipitate  is  dried.  All  these  pieces  of  apparatus  have  been 
considered  except  the  precipitation  jars;  these  consist  either  of  tall 
cyUnders  or  of  beakers,  both  of  which  were  illustrated  imder  Decanta- 
tion  (Figs.  129,  130).  The  precipitating  jar  is  of  glass,  made  tall  in 
order  to  effect  the  complete  separation  of  the  precipitate,  thus  facilitating 
decantation;  the  beaker  is  a  vessel  of  thin  glass  so  annealed  as  to  stand 
heating. 

For  precipitation  in  chemical  testing,  test-tubes  are  usually  em- 
ployed. These  consist  of  narrow  cylinders  of  glass,  five  or  six  inches 
long,  with  round  bottoms  (Fig.  166),  while  in  quantitative  analjrsis  the 
precipitates  are  carefully  coUected  in  a  beaker,  as  explained  under 
Decantation. 
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The  appearance  of  the  freshly  separated  precipitate  is  described 
by  appropriate  adjectives,  most  of  which  are  self-explanatory.  Thus, 
we  say  that  silver  chloride  is  curdy;  anunonio-magnesium  phosphate 
is  crystalline;  aluminiun  hydroxide  is  gdalinous;  coagulated  albumin 
is  flbccuient,  and  magnesium  phosphate  is  granular. 

Sometimes,  when  a  precipitate  is  hgbt  and  occupies  considerable 
space,  it  is  said  to  be  bulky.  A  magma  is  a  form  of  thick,  tenacious  pre- 
cipitate, such  as  is  formed  by  magnesium  hydroxide  in  the  official  magma 
of  magnesia. 

In  explaining  a  test,  mere  mention  of  the  precipitant  is  not  sufficient, 
but  the  color  and  character  of  the  precipitate  formed  should  be  included 
in  the  answer.  Thus,  if  asked  the  test  for  sulphuric  acid  or  a  sulphate, 
it  is  scarcely  complete  to  answer  "barium  chloride,"  but  such  a  question 
should  be  answered:  "Barium  chloride  gives  a  white  precipitate,  in- 
soluble in  nitric  and  hydrochloric  acid."  The  last  part  of  this  answer, 
while  seemingly  superSuous  at  &rst  glance,  is  necessary,  inasmuch  as 
banum  ctiloride  forms  white  precipitates  with  several  other  acids,  but  it 
is  only  in  the  case  of  sulphuric  acid  and  sulphates  that  the  precipitate 
is  insoluble,  as  mentioned. 

Id  some  cases  the  same  substance  can  be  precipitated  in  a  light, 
flocculent  form  or  in  a  heavy,  granular 
form,  giving  rise  to  the  distinction 
between  light  and  heavy  precipitates. 
These  result  entirely  from  the  method 
of  manipulation.  If,  in  precipitating 
the  substance,  the  solutions  are  dilute 
and  cold,  a  light  precipitate  is  usually 
formed,  whereas  if  the  two  substances 
are  mixed  in  hot  concentrated  solu- 
tion, a  heavj'  precipitate  is  formed. 
.\n  official  illustration  of  these  two 

forms  of  the  same  substance  is  shown  Fi».  im.— Teat-tub™  la  mck. 

in   magnesium   oxide,    U.S. P.,    and 

heavy  magnesium  oxide,  these  being  produced  by  the  calcination  of 
l^ht  magnesium  carbonftte  and  of  heavy  magnesium  carbonate  respect- 
ively, the  light  being  precipitated  from  dilute  solutions  and  the  heavy 
from  concentrated  solutions. 

CRYSTALLIZATION 

Crystallization  is  the  process  of  separating  substances  in  forms  pos- 
sessing definite  geometric  angles.  Such  substances  are  called  "  crystalline" 
while  substances  which  cannot  be  made  to  form  definite  geometric  angles 
are  said  to  be  "amorphous."  Among  the  latter  are  some  substances 
which  are  sometimes  erroneously  considered  crystalline,  as,  for  example, 
the  scale  salts  of  iron. 

In  considering  crystallization  the  first  aim  is  to  get  an  idea  of  what 
a  crystal  is.  A  crystal  is  a  solid  whose  forces  form  definite  angles,  a 
body  which  can  be  measured  according  to  the  rules  of  geometry.  Geome- 
try is  that  portion  of  mathematics  which  deals  with  the  measurement 
of  stirfaces  and  angles.  Angles  are  formed  where  surfaces  meet  and 
vary  in  size,  being  measured  by  their  relation  to  the  circle.  Thus,  were 
a  right  angle  cut  from  a  circular  disk  from  center  to  edge,  it  would  remove 
one-quarter  of  the  circle.  A  circle  in  geometry  is  divided  into  360  parts, 
called  degrees,  and  since  the  right  angle  is  one-quarter  the  circle,  its 
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measurement  is  said  to  be  90  degrees.  An  angle  of  60  degrees  is  but 
one-sixth  the. circle,  hence  is  sharper  than  a  right  angle. 

An  angle  means  what  we  usually  call  a  comer — a  space  inclosed  by  the 
intersection  of  two  straight  lines.  We  have  instruments  whereby  these 
angles  may  be  measured,  and  the  measurement  of  the  various  angles 
forms  a  part  of  the  sciences  of  geometry  and  trigonometry.  Among 
tb^  practical  appUcations  of  these  sciences  may  be  mentioned  surveying 
and  measurement  of  crystals.  In  physics  and  astronomy  a  knowledge 
of  these  sciences  is  essential. 

Crystals  are  specially  interesting  as  definite  geometric  forms  assumed 
of  themselves  without  outside  aid.  It  is  an  easy  matter  for  a  skilled 
sculptor  to  hew  a  definite  geometric  form,  but  remember  that  a  crj'stal 
form  depends  on  no  human  aid.  The  substance  composing  the  crystal 
groups  its  particles  into  the  shape  ordained  for  it  from  the  beginning, 
and  every  perfect  crystal  of  the  same  substance,  be  it  large  or  small, 


a,  DodecahedroD;  6,  quulrfttic 


has  exactly  the  same  form.  Then,  too,  all  substances  do  not  crystallize 
with  the  same  angles.  One  for  ages  has  been  crystallizing  in  a  certain 
form,  while  one  of  its  neighbors  during  the  same  period  has  produced 
numberless  crj'stals  all  aUke,  but  each  of  shape  different  from  the  sub- 
stance first  spoken  of.  In  this  way  we  have  in  the  study  of  crystals  an 
excellent  method  of  distinguishing  different  chemical  substances,  and  so 
large  is  the  scope  of  the  work  that  study  of  crystab  is  now  classed  as 
an  independent  science. 

In  studying  the  crystal  the  crystallographer  distinguishes  four  dif- 
ferent parts  to  a  crystal,  the  most  important  of  which  are  the  ajigles 
described  above,  an  angle  being  the  measurement  of  the  conjunction  of 
two  faces,  such  conjunction  being  called  the  edge.  These  terms  will  best 
be  understood  by  a  study  of  Fig.  156,  which  also  shows  the  fourth  charac- 
teristic of  the  crystal,  the  axes,  these  being  im^nary  lines  so  drawn 
through  the  crystal  that  they  intersect  at  its  center.  Each  crystal  has 
its  peculiarities  of  faces,  axes,  and  angles,  and,  therefore,  all  substances 
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in  crystalline  form  are  grouped  by  crystallographers  into  various  crystal 
systems,  the  main  divisions  being  as  follows: 

Number  Length  op  Axes  Angle  op  Ixtbrsection 

OP  .^es 

R^^lar 3     All  equal.  All  right  angles. 

Tetragonal 3     Two  equal,  1  different.  All  right  angles. 

Rhombic 3     All  unequal.  All  right  angles. 

Hexagonal 4     Three  equal,  1  different.  Three  at  angle  of  60  degrees,  the 

fourth  at  right  anj^le. 
Monoclinic 3     All  unequal.  Two  oblique,  the  third  at  right 

angle. 
Triclinie 3     All  unequal.  All  oblique. 

The  subject  of  crystallography  is  beyond  the  scope  of  the  average 
pharmacist,  its  chief  value  being  as  an  adjunct  to  the  science  of  mineral- 
ogy, therefore,  the  rest  of  this  chapter  will  be  devoted  to  the  pharmaceutic 
consideration  of  crystallization,  and  those  desiring  further  information 
on  the  science  of  crystallography  are  referred  to  standard  books  on  the 
subject.  This  is  following  the  lead  of  the  pharmacopoeia,  which  rarely 
mentions  the  scientific  classification  of  crystals,  contenting  itself  with 
the  rather  superficial  general  terms  applied  to  crystals,  such  as  saying 
that  the  crystal  is  "prismatic"  (in  shape  of  a  prism),  "tubular"  (some- 
what round  like  a  cylinder),  "acicular"  (needle-shaped),  etc. 

In  some  cases  mineralogists  find  half-crystals;  in  other  words,  the 
ideal  crystal  is  split  down  its  length.  Such  crystal  spUtting  is  called 
cleavage. 

Isomorphism. — Substances  which  crystallize  into  the  same  form 
are  said  to  be  isamorphaus;  and,  through  the  investigation  of  Mitscher- 
lich,  has  been  evolved  the  interesting  and  valuable  theory  that  isomor- 
phous  bodies  usually  possess  closely  alUed  chemical  composition.  Thus 
magnesium  sulphate,  MgS04  +  7H2O  and  zinc  sulphate  ZnS04  +  7H2O 
are  found  to  be  isomorphous.  In  the  same  way  the  alums  all  crystal- 
lize in  the  same  form. 

Measurement  of  Crystals. — ^As  mentioned  above,  crystallography 
is  the  study  and  classification  of  crystals  chiefly  according  to  the  angle 
intersection,  the  measm-ement  being  made  by  the  instrument  called 
goniometer.  A  full  description  of  this  instrument  would  be  too  technical 
for  the  limits  of  this  work,  but  its  principle  of  action  can  be  explained  by 
saying  that  in  this  instrument  the  crystal,  the  angles  of  which  are  desired 
to  be  measured,  is  placed  in  an  appropriate  holder,  operating  on  a  univer- 
sal joint,  capable  of  rotating  in  every  direction,  and  the  angle  of  rotation 
can  be  carefully  measm'ed  on  an  appropriate  scale.  A  telescope  is  part 
of  the  instrument,  and  through  this  we  gaze  on  an  image  reflected  from 
one  side  of  the  crystal,  and  we  then  gently  rotate  the  crystal,  when  the 
image  becomes  lost,  until  the  rotation  has  brought  the  adjoining  face  of 
the  crystal  into  exactly  the  same  position  formerly  occupied  by  the  other 
face,  when  the  image  is  forthwith  restored.  At  this  point  a  reading  is 
made  of  the  rotation  of  the  crystal,  and  from  this  datum  the  angle  can 
be  determined. 

Objects  of  Crystallization. — The  pharmacist's  consideration  of  crys- 
tallization is  Umited  almost  entirely  to  the  production  of  crystals,  and, 
therefore,  the  view  of  the  pharmacist  as  to  crystals  is  quite  different 
from  that  of  the  crystallographer,  the  latter  busying  himself  with  the 
examination  of  the  finished  and  usually  native  crystal,  while  the  aim 
of  the  druggist  is  the  production  of  a  handsome  crystal  without  special 
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reference  to  the  exactness  of  the  angles.  He  produces  a  substance  in 
crystaDine  form,  but  merely  to  obtain  them  in  a  higher  degree  of  purity, 
and  to  this  he  adds  the  esthetic  consideration  that  a  perfect  crystal  is 
the  most  beautiful  form  in  wliich  a  chemical  can  be  produced. 

For  practical  reasons,  however,  the  pharmacist  usually  prefers  his 
chemicals  in  the  form  of  granular  crystals,  rather  than  a  large  and  perfect 
sample,  the  former  being  readily  more  soluble. 

Production  of  Crystals. — The  several  ways  in  which  crystals  are 
produced  are  given  place  in  order  to  their  relative  importance: 

Firstj  by  cooling  a  hot  saturated  sohdion.  This  is  the  usual  method 
of  producing  crystals  in  chemical  manufacture,  and  the  process  can  be 
readily  understood  by  one  who  has  studied  the  preceding  chapter  on 
Solution.  Therein  it  was  noted  that  a  substance  is  usuallv  more  soluble 
in  hot  water  than  in  cold;  furthermore,  that  from  this  hot  solution, 
on  standing,  will  be  deposited  the  excess  of  the  substance. 

Thus,  as  cited  on  p.  122,  100  mils  of"  boiling  water  will  dissolve  six 
times  as  much  potassium  chlorate  as  will  100  mils  of  water  at  25®C., 
and  when  the  temperature  of  this  heated  solution  is  reduced  to  25°C., 
the  80  per  cent,  excess  will  separate  out,  and,  indeed,  in  the  form  of 
crystals,  since  the  body  is  crystallizable.  Such  is  the  usual  method 
of  making  crystals,  the  substance  being  dissolved  in  hot  water,  the  hot 
saturated  solution  filtered  through  paper,  the  filtrate  allowed  to  stand  in 
an  appropriate  dish,  usually  for  twenty-four  hours,  when  the  liquid 
is  separated  from  the  crystals,  which  are  then  removed  from  the  dish 
and  dried. 

Two  technical  terms  are  used  in  connection  with  this  process.  The 
saturated  solution  above  the  crystals  in  which  the  substance  has  formerly 
been  dissolved  is  called  the  mother  liquor^  and  again,  in  some  cases  of 
crystallizing  this  way  a  solution  is  concentrated  by  evaporating  until 
a  thin  scum  of  crystals  forms  across  the  surface  of  the  liquid,  and  this 
layer  is  called  the  pellicle, 

Apparoitis.— The  apparatus  used  in  this  operation  are  the  indis- 
pensable funnel  and  filter  and  the  dish  in  which  the  crystals  are  collected. 
For  small  operations  no  better  dish  can  be  found  than  the  ordinary 
pint  evaporating  dish.  Glass  beakers  are  sometimes  used,  but  should 
be  employed  only  for  the  collection  of  niinute  quantities,  and  when  the 
crystals  are  not  particularly  large,  and  strong  as  in  the  latter  case  the 
removal  of  the  crystals  from  the  sides  of  the  vessel  is  Uable  to  result  in 
fracture  of  the  glass.  In  all  operations  of  crystallization  crystals  will 
separate  out  more  readily  if  the  interior  of  the  dish  is  rough,  although 
this  detail  is  valued  chiefly  in  crystalUzing  large  quantities,  for  which 
purpose  nothing  is  better  than  the  ordinary  earthenware  crocks.  The 
roughness  of  the  vessel  seems  to  attract  the  formation  of  crystals,  the 
same  way  as  does  the  introduction  into  the  liquid  of  bits  of  glass  or  tightly 
stretched  twine. 

These  extraneous  aids  to  crystallization  are  called  nuclei^  and  a 
familiar  illustration  of  nuclei  is  the  use  of  string  on  which  rock-candy 
crystalUzes.  The  finished  crystal  must  be  drained  from  its  mother 
liquor,  and  this  is  usually  accomplished  by  throwing  the  wet  crystal 
mass  on  a  strainer,  or,  in  the  case  of  smaller  quantities,  on  a  filter,  and 
allowing  it  to  drain.  The  excess  of  the  Uquid  is  then  removed  by  placing 
the  crystals  between  sheets  of  filter-paper,  or,  in  the  event  of  the  substance 
being  of  a  caustic  nature,  such  as  chromic  acid,  porous  plates  of  unglazed 
earthenware  are  used. 
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Second,  by  the  gradual  evaporation  of  a  soliUion.  This  consists  of  a 
modification  of  the  foregoing,  the  crystallizing  solvent  being  in  this  case 
alcohol,  ether,  chloroform,  or  some  other  volatile  Uquid.  In  such  cases 
the  chemical  (usually  of  plant  origin)  is  dissolved  in  the  smaUest  possible 
quantity  of  the  liquid,  the  solution  filtered  into  an  evaporating  dish  and 
sillowed  to  stand,  when,  due  to  the  gradual  vaporization  of  the  solvent, 
the  crystals  slowly  form  in  the  bottom  of  the  dish.  In  such  case  the  crys- 
tals should  be  removed  before  the  solvent  has  completely  dissipated, 
in  order  that  the  impurities  may  be  removed  in  the  solvent. 

Third,  sublimation.  Some  chemicals  on  subliming,  solidify  in  the 
form  of  crystals.  Such  is  particularly  the  case  with  benzoic  acid,  and 
this  gives  the  method  employed  in  the  manufacture  of  this  chemical 
from  its  natural  source,  the  official  benzoin.  The  drug  is  coarsely 
powdered,  mixed  with  sand,  and  placed  in  a  dish  which  is  covered  with 
a  piece  of  cheese-cloth.  Over  the  dish  is  placed  a  cone  of  paper,  and 
the  entire  apparatus  is  placed  on  a  sand-bath  and  heated  at  a  tempera- 
ture not  exceeding  llO^^C.  From  the  benzoin  the  benzoic  acid  is  liberated 
in  vapor  form  and  rises  within  the  cone,  and  is  condensed  by  the  lower 
temperature  of  the  surrounding  air  in  the  form  of  beautiful  crystals. 
(See  p.  108.) 

Fourth,  by  fusion  and  partial  cooling.     This  method  of  crystallizing 
is  of  little  vsdue  to  pharmacists,  its  only  application  being  in  the  prepa- 
ration of  one  form  of  sulphur  crystals.     In  this  operation  a  considerable 
quantity  of  the  substance,  say  200  grammes,  is  placed  in  a  Hessian  cru- 
cible and  brought  to  a  state  of  fusion.    As  the  pellicle  forms  on  the  surface 
of  the  cooling  mass  a  hole  is  punched  through,  and  the  remaining  liquid 
carefully  poured  out.     On  completely  removing  the  pellicle  it  will  be 
found  that  the  sulphur  has  deposited  in  the  form  of  monoclinic  crystals. 
In  a  similar  manner  Moissan  prepared  diamonds  by  melting  iron  and 
dissolving  graphite,  therein,  and  aUowing  the  mass  to  solidify,  under 
gr^at  pressure,  by  plunging  the  white-hot  mass  into  cold  water.     The 
solid  mass  is  then  treated  with  hydrochloric  acid,  which  dissolves  out 
the  iron,  when  it  is  found  that  part  of  the  graphite  is  converted  into  the 
crystalline  form,  diamonds,  although  the  crystals  are  too  small  to  possess 
commercial  value.     Perhaps  Moissan's  method  is  more  properly  consid- 
ered as  a  case  of  deposition  from  saturated  solution,  as  in  truth  the 
graphite  is  dissolved  in  the  molten  iron  and  is  caused  to  separate  out  in 
crystalline  form  before  the  solvent  has  solidified. 

Fifth,  by  effecting  change  in  the  character  of  the  solvent.  As  mentioned 
under  Solution,  some  substances  are  soluble  in  one  solvent  and  insoluble 
in  another.  For  example,  sugar  will  dissolve  freely  in  water  and  sparingly 
in  alcohol.  In  this  case,  if  to  the  concentrated  solution  of  sugar  is  added 
alcohol  in  sufficient  quantity,  the  sugar  will  separate  out  and,  indeed,  in 
the  form  of  crystals.  This  method  is  used  in  effecting  crystallization  in 
many  chemical  operations,  although  its  use  in  pharmacy  is  comparatively 
limited. 

Sixth,  by  the  electric  current.  This  method  is  totally  foreign  to  crys- 
tallization in  pharmacy,  and  can  be  dismissed  with  the  statement  that 
handsome  crystals  of  gold  metal  have  been  obtained  by  passing  low 
currents  of  electricity  through  solutions  of  metal  for  long  periods  of  time. 
Water  of  Crystallization. — In  the  case  of  crystallization  produced 
by  a  separation  from  a  solution,  the  solvent  very  frequently  plays  a  r61e 
in  the  composition  of  the  deposited  crystal,  although  in  some  cases  the 
crystal  separates  from  the  solution  without  combining  with  any  of  the 
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solvent.  The  latter  is  usually  the  case  when  some  solvent  other  than 
water  is  employed,  but  sometimes,  in  separating  from  aqueous  solution, 
some  chemicals  form  crystals  that  are  water-free.  If  water  combines 
with  the  separating  crystal,  as  is  usually  the  case  in  aqueous  crystalliza- 
tion, it  is  designated  as  ^^  water  of  cfystaUization,^  and  if  alcohol  combines 
with  the  chemical  in  the  same  way,  it  is  called  ^^  alcohol  of  crystalUzation^'^ 
and  in  similar  manner  we  find  some  crystals  contain  "ether"  or  "chloro- 
form" or  "acetic  ether  of  crystallization,"  if  these  solvents  have  been 
employed  in  the  process  of  making  crystals.  The  last  four  cases  are  not 
usual,  however,  so  our  attention  need  be  devoted  to  the  water  of  crystal- 
lization. 

By  "water  of  crjrstallization "  is  meant  water  that  is  combined  in 
some  loose  chemical  way  with  the  chemical  of  which  the  crystal  is  com- 
posed, and  it  does  not  mean  the  water  adhering  to  a  moist  crystal.  Thus, 
47  per  cent,  of  a  perfectly  dry  crystal  of  alum  consists  of  this  water  of 
crystallia^ation. 

The  estimation  of  this  water  of  crystallization  is  a  very  simple  pro- 
ceeding, all  that  is  necessary  being  to  heat  a  weighed  quantity  of  crystals, 
first,  on  a  water-bath,  when  it  will  be  noticed  the  crystals  liquefy,  and 
then  on  a  sand-bath,  when  the  steam  arising  from  the  liquefied  mass 
proves  the  presence  of  water.  The  heat  being  continued  for  a  sufficient 
length  of  time,  all  the  water  will  be  removed,  and  a  dried  mass,  known  as 
the  "exsiccated"  salt,  remains. 

In  the  case  of  alum,  100  Gm.  of  the  crystals  dried  with  proper  heat 
will  leave  but  53  Gm.  of  the  exsiccated  alum,  showing  that  47  per  cent, 
of  same  is  water.  The  amount  of  water  of  crystallization  found  in  a 
given  chemical  is  exactly  the  same  for  all  perfect  samples,  and  a  study 
of  the  question  has  shown  that  the  quantity  of  water  in  a  crystal  is  in 
molecular  proportion  to  the  quantity  of  the  substance,  thus  permitting 
the  numeric  expression  of  the  amount  of  water  in  the  chemical  formula 
of  the  compound.     (See  p.  363.)  * 

In  this  case,  when  we  give  the  formula  of  sodium  sulphate,  Na2S04 
+  IOH2O,  we  can  deduce  therefrom  the  molecular  weight,  and  are  brought 
to  the  conclusion  that  in  every  278  Gm.  of  crystalline  sodium  sulphate 
there  are  180  Gm.  of  water. 

We  can  deduce  in  the  same  way  from  the  chemical  formula  of  potassa 
alum,  KAl(S04)2l2H20,  that  this  contains  47  per  cent,  of  water  of  crys- 
tallization. 

The  term  '  Vater  of  crystallization  "  is  graduaUy  becoming  obsolete,  and  instead 
we  speak  of  the  body  containinjg  such  water  as  "hvdrated."  Thus,  NasCOilOHzO, 
is  now  called  deki^ydrated  sodium  carbonate,  while  the  official  form,  NasCOtHsO, 
is  called  monohydrated  sodium  carbonate,  and  this  term  constitutes  the  pharmaco- 
poeial  name  of  this  salt.  Recent  research  shows  the  difference  between  the  deka- 
nydrated  and  the  monohydrated  forms  of  the  same  substance  can  be  easily  explained 
by  the  rules  of  physical  chemistrjr;  hence,  the  term  "water  of  constitution,"  formerly 
used  to  designate  the  last  remaining  water,  is  being  dropped. 

Interstitial  Water. — Among  the  chemicals  which  separate  in  crys- 
tal form  from  aqueous  solution,  without  the  absorption  of  water  of 
crystallization,  the  best  known  example  is  common  salt.  This  separates 
in  handsome  masses  of  cubical  crystals,  and,  in  separating,  it  very  fre- 
quently mechanically  closes  certain  quantities  of  water  which  must  be 
clearly  differentiated  from  water  of  crystallization,  because  retained  in 
a  purely  mechanical  manner.  Such  water,  which  gathers  in  the  inter- 
stices found  in  a  mass  of  crystals,  is  called  ^interstitial  water"  On 
heating  a  substance  containing  interstitial  water  the  latter  is  converted 
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into  a  steam  whSch,  on  expanding,  tears  the  crystal  mass  asunder  with 
a  craclding  sound.  This  phenomenon,  caUed  decrepitationj  is  different 
from  the  deflagration  of  potassium  nitrate,  which  is  due  to  the  liberation 
of  oxygen. 

Efflorescence  and  Deliquescence. — The  crystals  of  some  substances, 
sodium  phosphate,  for  example,  part  so  readily  with  water  of  crystalliza- 
tion that  even  at  ordinary  temperatures  the  latter  dissipates,  causing  the 
crystal  to  fall  into  a  white  powder.  This  loss  of  water  of  crystallization 
at  l>rdinary  temperatures  is  the  phenomenon  termed  efflorescence.  Spe- 
cial attention  should  be  paid  to  the  fact  that  an  effloresced  body  means 
one  which  has  lost  its  water  of  crystallization  and  hence  is  stronger  than 
the  same  body  in  the  form  of  clear  pure  crystals.  For  this  reason,  in 
making  a  pharmaceutic  preparation,  care  must  be  observed  that,  unless 
otherwise  specified,  the  substance  should  be  perfectly  crystalline,  and, 
if  the  effloresced  salt  is  used  in  the  same  quantity  as  is  directed  for  the 
crystalline,  the  finished  preparation  will  be  stronger  than  was  intended. 

Efflorescence,  however,  is  not  always  loss  of  water  of  crystallization;  thus  when 
ammonium  carbonate  effloresces  to  ammonium  bicarbonate,  water  of  crystallization 
does  not  enter  into  the  proposition  (p.  455). 

On  the  other  hand,  some  crystalline  substances  have  such  affinity 
for  water  as  to  absorb  same  from  the  moist  atmosphere,  ultimately  lique- 
fying. Such  substances  are  said  to  be  *^ deliquescent,*^  and  a  notable 
example  of  such  deliquescence  is  the  case  of  potassium  acetate,  which 
should,  therefore,  never  be  dispensed  in  papers. 

Amorphous  bodies  and  liquids  which  absorb  moisture  from  the 
atmosphere  in  the  same  way  are  said  to  be  hygroscopic.  Thus,  glycerin 
is  a  good  illustration  of  a  hydroscopic  substance. 

Efflorescence  is  now  explained  by  physical  chemists  in  terms  of  vapor  tension  of  the 
hvdrate.  If  kept  in  an  open  vessel,  a  hydrate  having  a  higher  vapor  tension  than  that 
of  water  will  lose  its  water  of  hydration  and  will  therefore  effloresce.  Hydrates  with  a 
lower  vapor  tension  will,  on  the  other  hand,  remain  unchanged.  Thus,  sodium  sul- 
phate, NaiSOilOHjO,  at  9^C.  has  a  vapor  tension  of  5.5  mm.  Water,  at  9®  has  a 
vapor  tension  of  5.0  mm.  Copper  sulphate,  CuS045HsO,  at  9*^0.  has  a  vapor  tension 
of  2  mm. 

In  accordance  with  the  principle  just  expressed,  sodium  sulphate  crystals  will 
effloresce  while  copper  sulphate  crystals  are  stable. 

It  has  been  found  that  deliquescence  is  a  property  of  those  substances,  the  solu- 
tions of  which,  have  a  vapor  pressure  less  than  the  vapor  pressure  of  water  vapor  in  air 
at  the  same  temperature.  , 

GRANULATION 

Granulation  is  best  defined  as  interrupted  crjrstallization,  while  the 
operation  of  granulation  is  the  process  of  heating  a  chemical  substance 
with  constant  stirring  until  moisture  is  evaporated  and  a  sabulous  (coarse- 
grained) powder  is  {upduced.  This  definition,  however,  does  not  describe 
the  manufactiure  of  \he  so-called  granular  effervescent  salts. 

In  granulation  a  substance  is  prepared  as  in  crystallization,  by  sepa- 
ration from  a  supersaturated  solution.  As  mentioned  under  Crystalliza- 
tion, to  secure  large  and  handsome  crystals  by  this  method  it  is  usual  to 
leave  the  hot  filtered  liquid  perfectly  quiet,  a  stirring  of  the  same  produc- 
ing small,  ill-defined  crystals.  As  such  is  exactly  the  object  of  granula- 
tion, in  that  operation  the  hot  filtered  solution  is  stirred  and  the  separa- 
tion of  the  crystals  facilitated  by  evaporation  of  the  substance  from  the 
liquid  to  a  point  where  a  very  small  quantity  of  solvent  remains. 

In  granulating  a  substance,  however,  the  evaporation  should  not 
be  continued  imtQ  all  the  liquid  has  disappeared,  as  a  certain  quantity 
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of  mother  liquor  is  essential  to  remove  soluble  impurities  by  solution 
in  the  mother  liquor. 

Chemicals  in  granular  form  have  of  late  years  become  quite  popular, 
due  to  the  more  rapid  solubility  of  same  than  the  larger  crystals,  foDow- 
ing  the  statement  made  under  Solution  that  the  latter  is  facilitated  by 
comminution  of  the  dissolving  substance. 

Apparatus. — In  granulation  the  only  apparatus  needed  are  those  re- 
quired for  crystallization  from  saturated  solution,  viz.,  flask  in  which 
the  solution  is  made,  apparatus  for  the  filtration,  evaporating  dish, 
and  glass  stirring  rod.  The  operation  itself  will  best  be  understood  by 
preparing  20  Gm.  of  Granulated  Ferrous  Sulphate,  U.S.P.  (See  Part 
VII.) 

Granular  Effervescent  Salts. — This  class  of  preparations  is  totally 
different  from  the  true  granular  salts,  such  as  granulated  ferrous  sulphate 
inasmuch  as  they  are  totally  devoid  of  crystalline  property,  and  are 
called  ''granulated,"  because  consisting  of  the  chemical  in  uniform 
and  small  particles. 

All  these  preparations  are  so  made  as  to  contain  tartaric  acid  and 
some  carbonate,  so  that  when  mixed  with  water  copious  effervescence 
occurs  (p.  418).  Here  need  it  only  be  said  that  the  preparations  are 
made  by  mixing  the  active  chemical  with  the  acid  and  the  carbonate, 
moistening  with  alcohol,  and  running  the  moist  mass  through  a  coarse 
sieve,  whereby  it  separates  into  small  and  regular  particles.  The  reason 
the  mass  is  moistened  with  alcohol  is  that  alcohol  renders  same  sticky 
without  producing  the  chemical  action  between  the  acid  and  the  carbon- 
ate which  would  result  were  they  moistened  with  water.  For  the  same 
reason  these  preparations  must  be  kept  in  tightly  stoppered  bottles  to 
prevent  contact  with  moist  air,  which  would  soon  render  them  no  longer 
effervescent.  These  salts  can  also  be  granulated  by  softening  the  mass 
by  heat  of  a  water-bath  and  passing  the  soft  mass  through  a  sieve. 

A  general  formula  for  effervescent  salts,  given  in  the  National  For- 
mulary under  the  title,  ScUes  effervescentes,  is  worthy  of  careful  reading. 

EXSICCATION 

Exsiccation  is  the  process  of  removing  water  of  crystallization  from 
a  chemical  by  the  use  of  strong  heat.  This  process  was  foreshadowed 
on  a  preceding  page  (p.  150),  so  here  it  need  only  be  added  that  the  chief 
object  of  exsiccating  a  substance  is  to  reduce  its  bulk.  Thus,  a  crystal 
of  aJum  weighing  10  Gm.  contains  but  little  less  than  5  Gm.  of  water, 
and  but  little  over  5  Gm.  of  the  chemical  itself,  hence  5  Gm.  of  exsiccated 
alum  represents  the  same  strength  as  about  10  Gm.  of  the  crystal.  In 
most  operations  the  exsiccated  salt  has  but  little  value  over  the  crystalline, 
and  perhaps  is  even  less  useful,  as  we  usually  employ  chemicals  in  solution, 
and  an  exsiccated  substance  is  more  difficultly  soluble  that  is  the  same 
substance  in  crystalline  form.  Therefore  the  chief  use  of  exsiccated 
substances  is  for  incorporation  in  pills,  the  size  of  which  should  be  limited 
to  5  grains,  and  by  use  of  5  grains  of  the  substance,  represent  about  10 
grains  of  the  same  body  in  crystalline  form.  This  explains  the  employ- 
ment of  dried  ferrous  sulphate  instead  of  the  crystalline,  in  making  pills 
of  aloes  and  iron.  The  chemical,  dried  alum,  has,  however,  thera- 
peutic value  not  possessed  by  the  crystals. 

Apparatus. — The  apparatus  used  in  exsiccation  consists  of  an  evapo- 
rating dish,  which  should  be  tared,  while  the  source  of  heat  is  usually  a 
sand-bath.     (For  details  of  operation,  see  Exsiccated  Alum,  Part  VII.) 
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DIALYSIS 

Dial^Bis  or  osmosis  is  a  process  whereby  the  crystalline  portion  of  a 
rKiijxture  is  separated  from  the  non-crystalline  by  the  passage  of  the  former 
t.Y\xough  a  permeable  membrane.  The  crystalline  substance  which  passes 
t;lxrough  the  membrane  is  called  crystalloid,  while  the  non-crystalline 
s\xbstances,  usually  of  mucilaginous  character,  are  caUed  colloids,  from 
tAke  Greek  '^koUa,**  meaning  glue. 

'Diffadon,  dialysis  and  osmosis  are  words  used  to  indicate  phenomena  that  are 

<2loeel^  related.    The  term,  diffusion,  is  usually  applied  to  the  mixing  of  adjacent  layers 

of  fluids  or  of  gases,  as  obtains  when  alcohol  is  layered  on  water  or  when  a  heavy  gas 

lilie  carbon  dioxide  is  passed  into  a  cylinder  containing  air.     Dialysis  and  osmosis,  on 

'kJbe  other  hand,  are  used  to  indicate  admixture  by  the  passage  of  material  through  a 

porous  membrane.     Physical  chemists  now  differentiate  between  dialysis  and  osmosis. 

oy  applying  the  first  term  to  the  passage  of  the  crystalloid  solution  into  the  water,  and 

t;be  word,  osmosb,  to  the  passage  of  water  into  the  solution  containing  the  crystalloid, 

for  it  is  to  be  noted  that  both  fluids  pass  through  the  membrane  in  opposite  directions. 

This  produces  the  phenomenon  called  osmotic  pressure  which  is  anedogous  to  gaseous 

pmsure  and  which  like  the  pressure  of  gases  can  be  expressed  mathematically  by 

^nations  in  which  one  of  the  factors  is  the  molecular  weight  of  the  substance  studiea. 

In  fact,  even  as  the  molecular  weight  of  gases  can  be  deduced  from  their  relative  speed 

of  diffusion,  so,  from  the  osmotic  pressure  of  a  solution  can  the  molecular  weight  of  the 

solute  be  determined. 

The  process  of  dialysis  was  discovered  by  Graham 

in  1861,  and  at  the  time  of  discovery  it  was  thought 

it  would  be  of  unlimited  use  in  pharmacy  and  other 

?rts.    Experience,  however,  has  shown  that  its  value 

is  largely  theoretic;  the  study  of  plant  and  animal 

Physiology  proving  that  a  large  portion  of  the  so- 
Called  vital  processes  going  on  in  the  living  organism 

operates  upon  the  principle  of  dialysis. 

The  apparatus  used  in  dialysis  consists  primarily     Fig.  157.— DiiUyser. 

of  any  porous  membrane.     For  this  purpose  a  bladder 

is  usually  employed,  although  parchment  paper  or  unglazed  earthenware 

is  employed  for  the  purpose. 

The  rest  of  the  apparatus  consists  of  two  containers  of  glass.  The 
membrane  is  attached  to  a  bottomless  cylinder  of  glass  or  other  suitable 
material,  in  such  way  as  to  serve  as  the  bottom,  and  is  made  to  rest  upon 
the  surface  of  water  held  in  the  second  container,  and  upon  the  mem- 
brane is  poured  the  liquid  which  is  desired  to  be  dialyzed  (Fig.  157). 
This  done,  the  crystalloids  contained  in  the  liquid  on  the  dialyzer  begin  to 
pass  through  into  the  liquid  below,  whereas  the  non-crystaJlizable  sub- 
stance remains  behind,  thus  affording  a  very  simple  method  of  separat- 
ing the  mixture  of,  say,  sugar  and  starch,  the  sugar  being  crystalline, 
paasbg  through  the  membrane,  and  the  starch  remaining  behind. 

Objects. — As  mentioned  above,  the  most  important  object  of  dialysis 
is  in  the  natural  processes  of  animal  and  vegetable  economy.  Some 
soluble  solids  pass  from  one  section  to  another  by  the  process  of  dialysis. 
In  the  pharmaceutic  appUcation  of  dialysis  a  class  of  preparations,  called 
"dialysates,"  were  put  upon  the  market.  These  are  usually  made  by 
placing  a  decoction  of  plants  on  a  dialyzer  and  evaporating  the  crystalloid 
liquid.  The  latter  contained  the  crystalline  alkaloid,  whereas  the  resi- 
due left  on  the  dialyzer  consisted  of  the  usually  inert  colloidal  substance. 
As  examples  of  such  preparations  occasionally  used  may  be  mentioned 
dialyzed  opium  and  dialyzed  cinchona,  but  these  preparations  did  not 
come  up  to  first  anticipations,  and  at  the  present  time  practically  the  only 
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dialyzed  preparation  used  to  anjr  extent  in  pharmacy  is  dialyzed  iron, 
which  is  a  colloidal  preparation.     (See  p.  515.) 

In  chemistry  dialysis  is  of  some  value  in  the  separation  of  crystalloidal 
substances  from  obnoxious  colloidal  matter.  This  is  particularly  the 
case  in  toxicologic  examinations,  when  searching  for  alkaloidal  poisons; 
the  lacter  can  be  separated  from  the  stomachs-contents  by  throwing  the 
matter  on  a  dialyzer  and  evaporating  down  the  crystalloidal  liquid.  Even 
in  this  case,  however,  the  application  is  somewhat  limited  because  too 
sloW;  and  other  methods  of  separation  are  usually  employed. 

Colloids. — During  the  past  fifteen  years  physical  chemists  have  carefully  studied 
that  class  of  substances  known  as  colloids  and  many  puzzling  points  concerning  the 
chemical  behavior  of  these  bodies  have  been  now  satisfactorily  explained.  Tiiofle 
desiring  to  study  the  subject  are  referred  to  the  papers  mentioned  in  the  bibliography 
which  follows. 
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CHAPTER   X 
EXTRACTION 


Under  the  head  of  Extraction  are  grouped  the  processes  in  which 
the  active  and  soluble  constituents  of  a  drug  are  separated  from  the 
inert  insoluble  portion  by  the  use  of  an  appropriate  solvent.  These 
processes  comprise  maceration  and  expression,  percolation,  digestion, 
infusion,  decoction. 

In  order  to  understand  the  principle  imderljong  the  process  of 
extraction  it  is  necessary  to  appreciate  the  structure  of  the  ordinary  v^e- 
table  drug.  Any  drug  representing  a  plant  part  is  comprised  of  a  collec- 
tion of  cells,  lately  living  or  long  dead,  each  one  of  which  possesses  a  wall 
of  more  or  less  thickness,  this  wall  consisting  of  some  variety  of  cellulose, 
possibly  Ugnin  or  suberous,  corky  tissue.  The  cell-wall  is  an  insoluble 
thick  envelop,  scarcely  permeable  to  Uquid,  while  the  active  principles 
which  we  seek  are  generally  found  in  the  orifice  encircled  by  the  wall.  To 
get  the  solvent  in*  direct  contact  with  the  soluble  constituents  within 
the  cell  it  is  necessary  that  the  cell-wall  be  ruptured,  hence  in  extraction 
we  must  first  comminute  the  drug.  The  cells  in  some  drugs  are  larger 
than  others,  hence  some  drugs  are  directed  to  be  powdered  more  finely 
than  others  in  various  pharmaceutic  processes,  the  aim  of  the  pharma- 
copoeia being  to  reduce  the  powder  to  a  fineness  sufficient  to  insure  the 
breaking  of  every  individual  cell. 

The  quantity  of  cell-wall,  as  compared  to  the  amount  of  constituents, 
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is  usually  many  times  greater.  Thus,  for  example,  in  cinchona  bark  we 
find  that  but  5  per  cent,  of  the  total  amount  is  alkaloids,  and  no  more 
than  30  per  cent,  of  the  whole  is  soluble  matter.  Therefore  the  primi- 
tive method  of  administering  the  crude  drug  in  powdered  form  meant 
the  consumption,  by  the  patient,  of  a  large  amount  of  not  merely  inert, 
but  indigestible  woody  tissue,  in  order  to  get  a  small  amount  of  medica- 
ment. To  obviate  the  necessity  of  administering  this  large  quantity  of 
inert  matter  is  the  prime  object  of  extraction,  and  in  each  case  cited 
above  it  is  accomplished  by  treating  the  drug  with  an  appropriate 
solvent,  and  the  removal,  by  solution,  of  the  useful  principles  from  the 
inert  insoluble  residue. 

MACERATION 

Maceration  is  the  process  of  removing  the  active  principles  from 
a  drug  by  allowing  the  latter  to  remain  in  contact  with  the  solvent  several 
days,  with  frequent  agitation. 

^  Roughly  stated,  maceration  consists  of  reducing  the  drug  to  appro- 
priate fineness  of  powder,  placing  same  in  a  suitable  bottle,  pouring  on 
the  solvent,  which  is  called  menstruum  in  all  cases  of  extraction,  and  let- 
ting the  mixture  stand  for  a  week,  shaking  at  frequent  intervals.  The 
solution  is  then  removed  from  the  inert  matter  by  filtration  or  straining, 
and  the  yield  of  filtrate  increased  by  subjecting  the  residue  to  expression. 

The  process  of  maceration  is  a  favorite  method  of  extraction  in  most 
European  countries.  In  America  maceration  is  used  only  where  percola- 
tion is  precluded,  and  it  is,  therefore,  limited  to  the  few  drugs  the  gummy 
or  viscid  character  of  wluch  would  cause  a  clogging  of  a  percolator. 
The'  German  Pharmacopceia  directs  maceration  exclusively  in  the  manu- 
facture of  tinctures,  and  even  in  this  coimtry  some  of  the  older  pharmacists 
still  cling  to  the  process  of  maceration  in  the  preparation  of  a  large  num- 
ber of  tinctures,  the  advantages  they  claim  for  maceration  being,  first, 
that  the  drug  need  not  be  powdered  as  finely  as  in  the  case  of  percolation, 
second,  that  the  process  requires  less  skill  than  does  percolation,  and  hence 
requires  less  care  in  manipulation,  and,  third,  that  in  the  process  of  macera- 
tion there  is  less  loss  of  alcoholic  menstruum  than  in  making  the  same 
preparation  by  percolation. 

The  latter  is  practically  the  only  advantage  possessed  by  maceration 
over  percolation,  the  other  questions  not  -being  worthy  of  attention  of 
the  intelligent  and  educated  pharmacist. 

In  large  quantities  of  a  preparation  made  by  maceration,  say,  gallon 
lots,  the  shaking  of  the  bottle  containing  the  drug  and  menstruum  is  a 
laborious  task,  and  since  the  shc^ng  is  merely  to  bring  all  portions  of 
the  solvent  in  contact  with  the  drug,  and  as  the  same  result  can  be  ob- 
tained by  the  process  of  circulatory  solution  (p.  122),  this  method  can  be 
employed  in  the  maceration  of  tinctures,  the  groimd  drug  being  placed  in 
a  cloth  bag  and  suspended  directly  below  the  surface  of  the  solvent. 

As  mentioned  above,  the  inert  residue  remaining  after  maceration 
(which  is  called  the  m^arc)  is  impr^nated  with  the  same  strength  of 
tincture,  and  in  filtering  off  a  macerated  tincture — say,  of  arnica — ^the 
residue  on  the  filter  is  not  wet  with  alcohol,  but  with  f idl  strength  tinc- 
ture. Hence,  it  can  be  seen  that  the  process,  even  at  its  best,  is  wasteful; 
that  the  drug  is  never  completely  exhausted  of  its  active  principles,  and 
the  less  care  used,  the  more  waste  there  is  to  the  process.  The  waste  is 
partly  obviated  by  "squeezing  the  dregs,"  as  we  conunonly  say;  by  ex- 
pressing the  residue. 
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This  is  the  process  of  removing  the  liquid  from  a  moist  mass  by  the 
use  of  pressure,  one  of  the  best  illustrations  of  the  application  of  expres- 
sion being  in  the  removal  of  the  remaining  tincture  from  the  marc. 

ApparatUB. — Many  forms  of  presses 
have  been  devised,  each  adapted  for  some 
special  phase  of  expression. 

All  forma  of  presses,  with  the  ex- 
ception of  forcible  straining  apparatus 
and  the  Enterprise  screw  press,  con- 
sist of  two  plates  between  which  the 
substance  is  placed,  and  which  are  made 
to  approach  each  other  by  means  of 
lever,  screw,  or  some  other  mechanical 
power. 


Fig.  1118.- 


Hj.  1S9. — Eat«rpri«e  presa  (opened) , 


Important  in  the  process  of  expression  is  the  straining  of  the  expressed 
liquid  through  suitable  cloth.     We,  therefore,  usually  inclose  the  mass  to  be 
expressed  in  a  bag  of  stout  cloth  (press  cloth)  before  placing  it'in  the  press. 
Such  press  cloth  (strong  towel- 
ing will  do)  can  be  used  directly 
for  expression,   as   already   ex- 
plained under  Forcible  Strwning 
(p.  131). 


0 

' 

Fis-  160, — Enterprbe  pre*g. 


Fi|.  lei.— HydnuKo  ] 


The  spiral  Ivtist  press  is  based  on  this  principle,  but  is  entirely  useless 
in  pharmacy,  hence  its  bare  mention  will  suffice. 

Other  forms  of  presses  of  little  pharmaceutic  value,  but  used  in  other 
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technical  lines,  are  the  wedge  press,  the  roUer  press,  which  operates  on  the 
same  principle  as  the  roller  clotbes-wriager,  and  is  seen  in  its  form  of 
highest  perfection  in  the  rollers  used  for  expreeaing  the  juice  from  the 
sugar-cane,  and  the  kand-leoer  press,  in  which  the  upper  plate  is  pressed 
down  upon  the  lower  plate  by  means  of  a  lever. 

In  modem  pharmacy  expression  is  performed  with  the  screw  press 
or  tincture  press  (Fig.  158),  in  which  the  moist  mass  is  subjected  to  pres- 
sure between  two  steel  plates,  the  upper  one  operating 
on  a  screw,  such  aa  is  seen'in  the  ordinary  letter-press. 
A  very  striking  modification  of  the  screw  press  is  the 
EfUerpriae  press,  which  will  best  be  understood  by  an  ex- 
amination of  Figs.  159  and  160.    Of  great  value  and  in- 
creasing popularity  is  the  hydraulic  press,  the  only  objec- 
tion to  which  is  its  initial  cost.     This  is  constructed  on 
that  principle  of  hydrostatics  which  asserts  that  if  a 
liquid  be  in  communicating  tubes — one  larger  than  the 
other — any  pressure  on  the  surface  of  the  liquid  in  the     *■  '^^J"'™'J» 
smaller  tube  will  be  exerted  on  the  surface  of  the  hquid 
in  the  larger  tube  in  exact  proportion  to  the  relative  size  of  the  two 
tubes.     This  can  be  explained  more  clearly  a,s  illustrated  in  Fig.  161. 

Suppose,  in  this  sketch,  that  the  area  of  the  cylinder  A  is  1  square 
inch,  and  that  of  cylinder  B  is  10  square  inches;  then,  if  we  exert  a 
force  of  1  pound  on  piston  "a,"  we  will  get  a  force  of  10  pounds  on 
piston  "6."     By  using  a  lever  on  piston  "a"  we  can  so  multiply  the 


Flc.  103.— Ccotrifiicd  eitrmotor.  Elf.  KIl.— [Jriamry  oeolnluas. 

force  that  a  pressure  of  10  pounds  on  the  handle  of  the  lever  connected 
fitb  piston  "a"  can  readily  exert  the  pressure  of  1000  pounds  on  piston 
"*;"hence  the  great  value  of  the  hydrauhc  press,  with  which  compara- 
tively little  power  can  be  concentrated  into  enormous  pressure. 

Aq  iateresting  form  of  removal  of  liquid  from  a  moist  mass  without 
uie  aid  of  a  press  is  the  operation  of  the  centrifugal  machine,  in  which 
case  the  moist  mass  is  placed  in  a  perforated  cylinder,  which  revolves 
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in  a  large  cylinder  with  velocity  great  enough  to  cause  practically  all 
traces  of  the  liquid  to  be  thrown  out  of  the  inner  into  the  outer  cylinder 
(Fig.  163).  By  means  of  such  a  centrifugal  press  200  or  300  pounds  of 
moist  sugar  can  be  centrifuged  to  almost  dryness  in  the  space  of  five  or 
t«n  minutes.  A  modem  application  of  the  centrifugal  machinery,  totally 
different  from  expression,  is  the  well-known  centrifugal  sedimenter,  for 
the  precipitation  of  blood  and  of  urinary  sediment  (Fig.  164). 

PERCOLATION 

Percolation  is  the  process  of  depriving  a  drug  of  its  soluble  constit- 
uents by  passage  of  a  solvent  through  the  powder  contained  in  a  suitable 
vessel.  The  solvent  in  this  case  is  called  the  menstruum,  the  vessel  is 
called  the  percolator ^  and  the  solution  of  active  principles  emerging  from 
the  percolator  is  called  the  percoUUe. 

History. — ^Lixiviation,  the  extraction  of  lye  from  ashes  has  been  used  since  aneient 
times:  Riunford  devised  the  plan  of  makmg  coffee  in  the  drip  coffee  pot  in  1S13; 
Johnson  (1817)  extracted  cinchona  in  an  apparatus  like  Rumford's;  Real  used  a  per- 
colator press  for  removing  the  oil  from  almonds;  Boullay  (1833)  and  Robiquet  (1835) 
introduced  the  method  and  it  was  directed  for  some  preparations  of  the  French  Codex 
of  that  year;  Procter  and  Duhamel  first  described  tne  process  in  this  country  and  it 
was  employed  in  the  pharmacopoeia  of  1840,  since  which  time  it  has  been  so  much 
more  popular  in  this  country  than  in  Europe  that  it  can  almost  be  considered  an 
Amencan  process. 

Principle  of  Operation. — Careful  study  of  the  definition  of  percola- 
tion will  show  that  in  the  process  advantage  is  taken  of  the  attraction  of 
gravitation,  for  it  is  hardly  necessary  to  say  that  a  liquid  poured  on  top 
of  a  powder  contained  in  a  suitable  utensil  will  gradually  penetrate  that 
powder  in  a  downward  direction,  and  if  there  is  an  orifice  in  the  bot- 
tom of  the  vessel,  the  descending  liquid  will  emerge  from  the  vessel, 
being  attracted  by  gravity  toward  the  center  of  the  earth.  This  down- 
ward force  of  gravitation  is  aided  by  another  force,  merely  a  modifica- 
tion of  the  former,  namely,  the  weight  of  the  column  of  liquid  above  the 
powder.  Mention  of  the  latter  is  made  here  merely  because  the  down- 
ward force  varies  according  to  the  height  of  the  column  of  liquid,  whereas 
the  force  of  gravitation  remains  unchanged.  If  this  combined  action  of 
gravitation  was  the  only  force  coming  into  operation,  the  process  would 
be  a  simple  one.  However,  there  is  an  opposing  force  which  comes  into 
play  during  the  process  of  percolation,  namely,  the  upward  force  of 
capillarity. 

The  term  capillarity  comes  from  the  Latin  term  "capilla/^  meaning 
hair,  because  it  was  first  observed  that  in  every  narrow,  hair-Uke  tube 
liquid  was  drawn  up  by  the  cohesive  power  of  the  walls  of  the  tube, 
and,  as  already  explained,  to  this  same  force  is  due  the  appearance  of 
the  meniscus  (p.  47).  All  bodies  possessing  orifices  more  or  less  narrow 
have  this  property  of  drawing  up  liquids  by  their  own  cohesive  force,  and 
such  is  eminently  the  case  with  most  vegetable  drugs,  since,  as  is  men- 
tioned above,  they  consist  of  a  mass  of  cells,  each  cell  consisting  of  an 
orifice  of  more  or  less  fineness,  surroimded  by  a  cell-wall.  In  other  words, 
cells  can  be  compared  to  long  sealed  tubes,  and  when  the  cells  are  broken 
by  powdering,  we  have  a  vast  mass  of  tubes,  each  possessing  capillary 
attraction.  This  capillarity  explains  why  a  so-called  porous  substance, 
for  example,  a  sponge,  will  absorb  so  much  more  water  than  a  non-porous 
substance,  such  as  sand. 
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To  get  back  to  percolation,  besides  the  force  of  gravity  and  its 
iTLodification,  the  pressiire  of  the  column  of  liquid  above,  forcing  the 
solvent   downward   through   the   drug,   we   have   at   the   same   time 
c&pillarity  of  the  ceUs  of  the  drug  attracting  the  menstruum  in  the  the 
opposite  direction.    The  moment  the  solution  commences  to  emerge 
from  the  vessel,  the  capillary  attraction  of  the  cells  tends  to  keep  the 
li<iuid  within  the  substance;  therefore,  acting  against  the  force  of  gravity. 
Experience  shows  that  the  capillary  force  of  the  drug  is  usually  greater 
th^  the  simple  ^avitating  force  of  the  earth,  for  imless  the  gravitating 
force  of  the  earth  is  reinforced  by  the  height  of  the  colimm  of  liquid  above 
the  i>owder,  the  liquid  ceases  to  drop  from  the  percolator.    As  the  liquid 
passes  through  the  drug  on  its  downward  course  it  penetrates  the  interior 
of  each  cell  (provided  the  substance  is  in  fine  enough  powder)  and  removes 
from  the  same  the  soluble  constituents.    Passing  from  one  series  it  pene- 
trates the  next  tier  of  cells,  and,  taking  up  more  active  principle,  such 
solution  continues  until  the  solvent  is  satiu'ated  with  the  soluble  principles 
of  the  drug.     When  once  a  saturated  solution,  it  mechanically  passes 
through  the  rest  of  the  drug,  and  finally  emerges  from  the  orifice  of  the 
bottom  of  the  percolator,  providing  iJways  that  there  is  a  sufficient 
column  of  the  liquid  to  force  it  down.     Its  passage  is  followed  by  a  fresh 
portion  of  the  solvent,  which  passes  through  the  same  cells  which  it  has 
formerly  penetrated,  removing  the  last  vestiges  of  soluble  matter,  and 
finally  emerging  from  the  percolator  also  a  saturated  solution.    In  this 
way  menstruum  is  continually  poured  on  imtil  the  cells  have  been  so 
completely  exhausted  of  their  soluble  constituents  that  the  final  portion 
of  the  menstruum  comes  through  devoid  of  color  and  taste,  whereupon 
the  drug  is  said  to  be  exhausted. 

The  great  advantage  percolation  possesses  over  maceration  is  in 
the  fact  that,  by  means  of  percolation,  we  are  enabled  to  completely 
remove  every  trace  of  soluble  matter  from  a  drug,  inasmuch  as  the 
saturated  solvent  does  not  remain  in  contact  with  the  drug  (if  the  men- 
struum column  is  maintained),  but  passes  from  it,  being  followed  by  a 
fresh  portion  of  solvent,  which  removes  the  remainder  of  the  soluble 
principle. 

A^aratus. — ^The  utensil  in  which  the  drug  is  packed  is  called  a 
V^cdalar,  and  consists  of  a  suitable  cylindric  vessel  of  metal  or  glass, 
provided  with  an  orifice  at  the  bottom.  In  selecting  a  percolator  those 
of  glass  should  be  chosen  when  possible,  metal  percolators  having  the 
double  disadvantage  of  being  more  easily  attacked  by  acid  or  other 
substance  which  the  menstruimi  or  drug  may  contain  and  also  the  fact 
that  their  opacity  prevents  watching  the  operation.  Of  course,  how- 
ever, there  are  certain  limits  to  the  size  of  a  glass  percolator,  the  writer's 
experience  being  that  the  use  of  a  glass  percolator  larger  than  two 
gallons  is  an  expensive  luxury,  inasmuch  as  such  are  costly  and  are  quite 
liable  to  break.  Above  two  gallons,  recourse  was  had  to  the  galvanized 
iron  percolator  or  the  well  tube  percolator,  in  which  the  container  is  an 
earthenware  crock. 
Shape  of  Percolators. — ^The  simplest  form  of  percolator  is  the  conic 
i^g.  165),  consisting  of  an  ordinary  chemical  funnel.  This,  however, 
offers  too  great  a  width  of  surface  for  the  menstruum,  which,  therefore, 
has  a  correspondingly  smaller  course  to  travel  before  emerging  from  the . 
bottom  of  the  percolator,  and,  therefore,  the  familiar  tapering  percolator 
came  into  use  (Fig,  166).  At  the  present  time  the  Oldberg  cylindric 
percolator  (Fig.  167)  is  very  popular,  for  by  means  of  it  we  are  able  to 
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exhaust  a  drug  far  more  thoroughly  than  in  either  a  taperii^  or  a  conic 
percolator,  from  the  simple  fact  that  each  portion  of  menstruum  has  to 
travel  through  a  larger  amount  of  the  drug  before  emerging  from  the 
percolator.     A  variety  of  percolator  used  exclusively  in 
chemistry  is  the  Soxhlet  Extractor  (Fig.  168).     The  Land- 
siedl  modification  of  the  Soxhlet  is  arranged  with  a  set  of 
special  extracting  thimbles,  which  permit  the  use  of  the 
apparatus  for  extraction  of  aqueous  solutions  with  immiscible 
solvents. 

The  satm-ated  solution,  when  emei^ng  from  the  per- 
colator, is  called  the  p^colate,  and,  of  course,  this  must  be 
collected  in  an  appropriate  vessel.  For  this  purpose  a 
wide-mouthed  bottle,  the  receiving  bottle,  is  usually  em- 
ployed.    Elaborate  forms  of  receiving  bottles  are  on  the 
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Fig,  168.— 
SoiElct     «- 


market  in  which  the  graduations  are  engraved  upon  the  glass.     These, 

while  presenting  an  elegant  appearance,  are  scarcely  necessEiry,  as  the 
pharmacist  has  many  wide-mouthed  bottles 
at  his  disposal,  and  he  can  usually  graduate 
same  by  pouringin  definite  quantities  of  liquid 
from  an  accurate  graduate,  and  marking 
amount  by  cutting  with  a  file  or  on  a  strip 
of  paper  pasted  along  the  length  of  the  bottle 
(marking  same  with  ink).  The  percolator 
must  be  supported  on  an  appropriate  stand, 
and  for  this  purpose  nothing  can  be  better 
than  the  retort  stand  pictured  in  Fig.  83,  it 
being  always  understood,  however,  that  the 
glass  percolator  must  never  come  in  contact 
with  the  iron  ring,  being  protected  from  the 
same  by  covering  the  ring  with  paper  or 
cloth  (Fig-  169). 
Fig.  160.— Correct  percoi»tion.  When  Urge  amouuts  of  percolation  are 

being  carried  on,  special  percolating  stands 

have  been  devised;  such,  for  example,  as  the  Shinn  percolating  closet 

and  the  Remington  percolating  shelf. 
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—The  process  of  percolation  may  be  divided  under  the 
following  headings:  Comminution  of  the  drug;  moistening  the  same; 
packing  in  percolator  (with  maceration  either  before  or  after  packing); 
pouring  on  the  menstruum  and  collecting  percolate  until  exhausted. 

Camminulion. — ^Before  percolating  the  drug  it  is  essential  that  it  be 
reduced  to  particles  of  more  or  less  fineness,  for  the  same  reason  that 
"we  comminute  drugs  before  solution.  As  mentioned  above,  in  percola- 
tion it  is  essential  that  the  drug  be  ground  sufficiently  fine  to  rupture  all 
the  cells  of  which  it  is  composed,  and  this  degree  of  fineness  is  depen-' 
dent  upon  the  structure  of  the  drug,  those  drugs  having  small  cells  calling 
for  a  finer  degree  of  comminution  than  those  in  which  the  cells  are  large. 
Thus,  nux  vomica  must  be  powdered  very  finely,  whereas  in  gentian  the 
cells  are  large  and  a  coarse  powder  can  be  utilized.  This  explains  why 
the  pharmacopoeia  directs  various  degrees  of  fineness  for  the  powders  used 
in  percolation.  Another  point  regarding  comminution  of  the  drug  is 
the  rapidity  or  completeness  of  exhaustion.  Thus,  in  percolating  fluid- 
extracts  it  is  usually  desirable  to  exhaust  the  drug  with  less  menstruum 
than  in  preparing  tinctures  from  the  same  drug,  and  in  order  to  do  this 
the  drug  used  in  percolating  a  fluidextract  is  generally  directed  to  be  in 
finer  powder  than  that  used  in  making  the  tincture.  The  powdering  of 
the  drug  is  accomplished  by  those  methods  of  comminution  described  in 
Chapter  VI.  best  serving  the  particular  purpose,  the  main  requirement 
being  that  the  drug  used  in  percolation  be  of  uniform  fineness. 

Moistening  of  the  Drug, — Before  packing  the  drug  in  the  percolator 
it  is  directed  to  be  moistened  with  menstruum,  this  being  done  because, 
when  the  drug  comes  in  contact  with  the  menstruum,  the  compressed 
dried  cells  are  swollen  to  their  normal  size,  and  if  this  swelling  occurred 
within  the  percolator,  it  would  cause  sufficient  expansion  to  cause  a 
stoppage  of  the  operation. 

This  moistening  is  accomplished  by  placing  the  drug  in  a  suitable 
container,  preferably  of  porcelain  or  stoneware,  adding  the  required 
quantity  of  menstruum,  and  mixing  same  thoroughly  with  the  drug  by 
stirring  with  a  wooden  paddle.  After  being  moistened  it  should  be 
allowed  to  remain  for  half  an  hour  in  order  to  complete  the  swelling, 
thereupon  the  pharmacopoeia  directs  the  moist  drug  to  be  passed  through 
a  coarse  sieve,  thus  making  the  product  into  a  coarser  granular  powder, 
ready  for  packing. 

Packing  of  the  Drug. — To  receive  this  granular  powder  the  clean  and 
absolutely  dry  percolator  is  prepared  by  placing  in  its  neck  a  plug  of 
absorbent  cotton,  followed  by  a. layer  of  clean  dry  sand.  This  latter 
precaution  was  directed  in  former  pharmacopoeias,  both  for  the  purpose 
of  filtration  and  also  to  hold  the  plug  of  cotton  in  place.  Many  careful 
pharmacists,  however,  omit  the  sand  as  an  unnecessary  detail.  Upon 
this  sand  the  granulated  powder  is  poured  in  comparatively  small 
quantities,  the  usual  rule  being  to  place  in  the  percolator  about  one- 
fourth  at  a  time,  and  each  fourth  is  carefully  and  firmly  packed  before 
the  next  portion  is  added.  The  packing  is  accomplished  by  means 
of  a  wooden  plunger,  and  for  this  purpose  a  piece  of  wood  will  suffice, 
there  being  nothing  better  than  a  wooden  potato-masher.  The  pack- 
ing of  the  drug  is  a  matter  of  skill,  and  in  order  to  do  it  successfully  it  is 
necessary  to  know  the  character  of  the  drug  and  the  menstruum.  Drugs 
in  finer  powder  are  not,  as  a  rule,  packed  so  tightly  as  those  of  coarser 
powders,  but  the  supreme  test  of  the  correct  packing  is  the  rapidity  of 
the  flow  of  the  percolate.  If  the  drug  is  packed  too  tightly,  the  per- 
il 


162  PRINCIPLES   OP   PHARMACY 

colate  drops  too  slowly,  and  if  too  loosely,  the  percolate  runs  so 
rapidly  as  not  fairly  to  exhaust  the  drug;  therefore,  pacldng  must 
be  put  down  as  chiefly  a  matter  of  experience.  The  nature  of  the 
menstruum  also  has  an  influence  on  the  packing  of  the  percolator.  If  the 
menstruum  is  pure  alcohol,  the  drug  can  gener^y  be  packed  more  tightly 
than  if  it  consists  of  water,  and  if  glycerin  is  present  in  the  menstruum, 
care  should  be  taken  not  to  pack  the  drug  too  tightly.  It  is  hardly  neces- 
sary to  say  that  in  packing  the  drug  the  pressure  should  be  equal  on  all 
sides  of  the  powder.  If  the  drug  on  one  side  of  the  percolator  is  packed 
more  loosely  than  on  the  other,  it  stands  to  reason  that  the  menstruum 
will  choose  the  easiest  possible  way  and  will  run  down  the  looser  ude,  and, 
therefore,  the  drug  will  be  incompletely  exhausted. 

All  the  drug  being  packed  in  the  percolator,  there  is  carefully  placed 
above  it  a  sheet  of  filter-paper  which  is  held  in  place  by  a  glass  weight,  any 
unused  glass  stopper  answering  the  purpose.  The  object  of  the  paper 
is  to  prevent  the  disturbance  of  the  powder  when  the  menstruum  is 
poured  in,  the  force  of  the  fall  of  the  liquid  being  apt  to  cause  the  rising 
of  the  powder  to  the  surface  of  the  menstruum. 

Instead  of  filter-paper,  the  writer 
found  very  convenient  disks  of  or- 
dinary clean  Manila  card-board, 
made  from  one  of  the  many  re- 
jected paste-board  boxes  found  in 
every  drug-store.  These  disks,  per- 
forated by  the  point  of  a  file,  when 
just  the  size  to  fit  snugly  above  the 
drug  within  the  percolator,  required 
no  weight  to  keep  them  down. 

Whether  the  drug  has  been 
packed  evenly  on  all  sides  is  shown 
by  the  descent  of  the  first  men- 
struum, which  should  go  down  in 
a  perfectly  even  ring,  as  shown  in 

mg.  170.-=.  Improper  p»ki»i:  t.  proper  pBcking.    ^'B"  IJ*''  ^l        ^  ,      ,  .        , 

After  the  drug  is  packed  in  the 
percolator  and  enough  menstruum  has  been  poured  in  to  fully  penetrate 
the  drug  and  to  b^in  dropping  from  the  percolator,  the  lower  orifice 
is  closed  and  the  drug  is  directed  by  the  pharmacopceis  to  macerate 
within  the  percolator  for  a  period  ranging  from  twelve  to  forty-«ght 
hours.  Many  prefer  to  macerate  the  drug  for  a  period  of  twenty-four 
to  forty-eight  hours  before  packing  in  a  percolator,  as  in  this  case  the 
maceration  can  be  conducted  in  an  al»olutely  closed  vessel  or  a  well- 
stoppered  bottle. 

Adding  Menstruum. — ^The  menstruum  is,  as  mentioned  above,  the 
solvent  used  for  extracting  the  active  principles  of  the  drug.  The  various 
menstrua  directed  by  the  pharmacopceia  for  different  drugs  have  been 
carefully  selected  with  a  view  to  using  the  particular  solvent  best  adapted 
easily  and  speedily  to  remove  the  active  principles  of  the  drug  under 
consideration.  In  some  cases,  however,  the  pharmacopoeia!  committee 
has  been  guided  by  practical  commercial  considerations,  the  rule  being  to 
choose  as  menstruum  the  cheapest  solvent  that  will  fully  answer  the 
purpose.  Understanding  this  fact,  the  pharmacist  should  carefully 
follow  the  pharmacopceial  instructious,  appreciating  that  when  the  United 
.States  Pbarmacopceia  directs  strong  alcohol,  it  is  because  a  weaker 
alcoholic  menstruum  will  not  answer  the  purpose. 
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Usually  the  menstrua  used  in  percolation  are  of  variouB  mixtures  of 
alcohol  and  water;  occasionally  glycerin  is  directed  to  be  added  to  the 
menstruum,  this  usually  in  cases  of  drugs  containing  large  quantities  of 
tannin.  In  the  same  way  ammonia  water  is  added  to  the  menstruum  in 
preparations  of  licorice,  and  ammonia  or  other  alkalis  for  drugs  contain- 
ing pectin,  while  acids  are  used  in  the  menstrua  for  drugs  containing 
volatile  alkaloids,  such  as  conium,  ergot,  etc. 

Not  all  percolates  are  made  with  alcoholic  menstrua;  for  example, 
8ome  infusions  are  made  by  percolation  of  the  drug  with  water, — infusion 
of  cinchona  (U.S.P,  1890)  with  water  plus  aromatic  sulphuric  acid,  and 
infusion  of  wild-cherry  (U.S.P,  VIII.)  with  cold  water. 

Again,  stronger  white  wine  was  used  as  a  menstruum  in  the  prepara- 
tion of  percolated  wines  of  the  pharmacopoeia 
of  1890.  Dilute  acetic  acid  is  used  in  those 
vinegars  made  by  percolation,  while  oleoresins 
are  made  by  percolating  the  drugs  with  ether  or 
acetone. 

The  Percolation. — The  proper  menstruum  is 
poured  upon  the  filter-paper  above  the  pow- 
dered drug  in  the  percolator,  care  being  taken 
to  pour  it  so  as  not  to  cause  the  floating  of  the 
paper.  As  the  menstruum  passes  down  through 
the  drug,  more  is  added  to  take  its  place,  it 
being  an  unvaried  rule  that  there  should  al- 
ways be  maintained  a  layer  of  menstruum 
above  the  surface  of  the  drug,  for,  if  the  drug  is 
exposed  to  the  air,  evaporation  takes  place  from 
its  surface,  and  fissures  occur  through  which 
the  menstruum  added  afterward  will  run,  in- 
stead of  through  the  entire  surface  of  the  drug. 
In  order  to  keep  a  sufficient  quantity  of 
menstruum  upon  the  surface  of  the  drug,  re- 
course is  had  to  continuous  percolation  by  in- 
verting the  menstruum  bottle  within  the 
percolator  in  the  same  manner  as  su^ested 
in     continuous     filtration     (Fig.      171).      The 

menstruum  poured  in  and  passing  through  the    Fig.  i7i.— continuous  iwroo- 
drug  should  emerge  from  the  percolator  slowly  uiim. 

and     steadily,    the    rapidity    being    dependent 

entirely  upon  the  quantity  of  the  drug  being  manipulated;  thus  the  last 
pharmacopceia  directs  a  flow  of  ten  drops  a  minute  in  percolating  1000 
grammes  of  drug  for  fluidextract,  while  for  tinctures  the  flow  is  to  be 
twenty  drops  a  minute.  It  is  needless  to  say,  however,  that  this  standard 
would  be  absurd  if  we  were  percolating  200  pounds  of  a  drug  and  ex- 
pecting, say,  100  gallons  of  the  percolate. 

In  most  operations  in  retail  pharmacy,  however,  in  which  we  deal 
with  200  to  1000  mils  of  menstruum,  the  speed  given  above  may  be 
maintained,  and  a  skilful  operator  aims  to  so  pack  his  drug  as  r^iularty  to 
attain  this  speed,  and  after  some  practice  usually  learns  the  art.  In 
order,  however,  to  insure  the  speed  of  percolation  directed,  the  pharma- 
copceia  directs  that  the  lower  orifice  of  the  percolator  be  closed  with  a  cork 
through  the  perforation  of  which  passes  a  glass  tube  which  is  fitted  with 
a  rubber  tube,  at  least  as  long  as  the  percolator  and  terminating  with  a 
second  glass  tube  bent  in  the  form  of  a  "  v."     When  the  rubber  tube  is 
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raised  so  that  the  outlet  is  above  the  surface  of  the  menstruum  in  the 
percolator,  it  follows  that  no  liquid  will  run  out,  whereas  if  it  is  lowered 
to  its  greatest  depth,  the  liquid  will  run  out  very  rapidly,  and,  by  raising 
or  lowering  the  tube  to  its  greatest  height  or  greatest  depth,  the  rapidity 
of  the  percolation  can  be  regulated  to  a  nicety.  If  it  is  desired  to  close 
the  tube  completely,  a  pinch-cock  (p.  98)  can  be  used,  although  if  the 
tube  is  of  sufficient  length,  this  is  scarcely  necessary. 

In  practice,  the  rubber  tubing  is  not  so  convenient  as  it  seems  at 
first  blush,  as  the  several  joints  of  the  cork,  the  glass  tube,  and  the 
rubber  tube  fittings  are  apt  to  leak  imless  very  carefully  prepared, 
making  an  unsightly  and  dirty  process.  If,  therefore,  the  percolating 
tube  is  used,  care  should  always  be  taken  before  percolation  to  see  that 
the  cork  and  rubber  tubes  do  not  leak  by  pouring  water  into  the  empty 
percolator,  raising  the  tube  to  its  greatest  height,  and  allowing  it  to  stand 
in  that  way  for  some  time. 

Many  pharmacists  omit  the  use  of  the  rubber  tube,  substituting  there- 
fore an  ordinary  cork  with  notches  in  the  side,  which  do  not  extend 
through  the  entire  length.  If  the  percolation  is  desired  to  be  stopped, 
the  cork  is  pushed  up  into  the  neck  beyond  the  notch,  when  an  absolutely 
water-tight  fitting  occurs.  When  the  flow  is  desired,  the  cork  is  loosened 
so  as  to  allow  a  part  of  the  notch  to  be  beyond  the  neck  of  the  percolator, 
leaving  a  tiny  orifice  through  which  the  Uquid  can  be  dropped.  This 
scheme  is  usually  satisfactory,  although  the  tightening  and  loosening 
of  the  cork  during  the  process  of  percolation  are  apt  to  be  untidy.  Far 
better,  therefore,  is  the  use  of  a  metal  sprinkler  top,  such  as  is  used  for 
tooth-wash  bottles. 

Finishing  Percolation, — By  making  preparations  by  percolation  it  is 
generally  intended  that  the  percolation  be  continued  until  the  drug  is 
exhausted,  the  word  meaning  in  this  case  the  removal  from  the  drug 
of  all  its  soluble  constituents.  There  are  several- ways  of  proving  the 
practical  exhaustion  of  a  drug,  for,  in  the  operation,  it  is  usually  imneces- 
sary  to  carry  on  percolation  to  the  extreme  point  of  removing  every 
particle  of  soluble  matter.  If  the  drug  is  a  bitter  one,  we  generally  say 
it  is  exhausted  when  the  percolate  comes  through  no  longer  bitter,  even 
though  it  may  be  still  impregnated  with  some  of  the  coloring-matter 
residing  in  the  drug,  the  latter  being  more  tenacious  and  persistent  of 
removal.  In  some  cases  the  bitterness  is  so  great  that  a  large  amount  of 
menstruum  will  be  necessary  before  every  trace  of  bitterness  is  removed. 
An  example  of  this  is  quassia,  in  which  case  we  generally  consider  the  drug 
exhausted  when  the  percolate  is  almost  free  from  bitterness. 

Tannin-bearing  drugs  are  usually  percolated  until  the  percolate  is 
free  from  astringency,  whereas  in  odorous  drugs  the  absence  of  odor 
from  the  percolate  announces  exhaustion. 

The  residue  left  after  percolation  or  maceration  is  called  the  marc,  and 
in  both  percolation  and  maceration  it  retains  a  considerable  amount  of 
moisture.  As  mentioned  under  Maceration,  in  the  latter  case  the  moist 
liquid  is  the  finished  full  strength  tincture,  and  this  marc  should  always 
be  expressed,  else  the  yield  of  tincture  will  be  lessened.  In  percolation 
the  marc  is  moist  with  the  menstruum,  hence  there  is  no  loss  so  far  as 
finished  tincture  is  concerned,  but  the  loss  of  menstruum  is  excessive. 
It,  therefore,  behooves  the  economic  pharmacist  to  recover  the  alcohol 
from  this  marc,  which  can  be  done  by  the  process  of  steam  distillation. 
During  the  writer's  experience  in  practical  pharmacy  it  was  his  custom 
to  keep  on  hand  a  number  of  half-gallon   wide-mouthed  candy  jars, 
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securely  corked,  and  in  these  he  threw  the  successive  batches  of  marc 
at  the  end  of  every  percolation.  When  sufficient  quantity  had  accumu- 
lated in  these  bottles,  his  steam  distillation  apparatus  was  fitted  up,  the 
tube  from  the  boiler  fitted  into  the  candy  bottle,  and  steam  passed  through 
and  the  vapors  collected.  The  yield  of  alcohohc  distillate  more  than 
paid  for  the  fuel  and  time  employed. 

This  process  is  found  more  convenient  and  efficacious  than  the 
ordinary  method  of  pouring  water  on  the  drug,  and  thus  forcing  the 
menstruum  out,  as  in  the  latter  case  the  addition  of  water  to  the  starchy 
matter  remaining  in  the  marc  is  apt  to  cause  a  swelling  of  the  drug  and 
subsequent  clogging  of  the  percolator. 

Modified  Percolators. — Under  Distillation  and  Comminution  we 
found  that  ingenuity  had  devised  many  special  apparatus  for  carrying 
on  both  operations,  and  the  same  also  holds  good  in  regard  to  percolation. 

Chief  among  these  improved  forms  of  perco- 
lators must  be  mentioned  the  Sc^uibb's  well  tube 
percolator  (Fig.  172),  which  is  primarily  de- 
signed for  the  percolation  of  large  quantities 
of  drug.  As  mentioned  above,  under  the  con- 
sideration of  the  percolator  itself,  glass  or 
earthenware  percolators  lajger  than  two  gallons 
are  inconvenient  to  handle.  Therefore,  in  large 
manufacturing  establishments  recourse  is  had  to 
either  huge  metal  percolators  or  to  percolators 
made  of  wood.  Metal  percolators  are  not 
advisable,  for  acids  from  the  drug  or  moistruum 


Fli.  173. — Squibb'i  well  tnbe  pneolktiv. 


tig.  173. — Ecotioi 


may  attack  the  metal  and  render  the  product  liable  to  contamination 
by  metallic  contact,  while  wooden  percolators,  even  if  unobjectionable 
from  the  standpoint  of  contamination,  becoming  saturated  from  contact 
with  an  alcoholic  solution  of  a  certain  drug,  can  be  used  for  the 
percolation  of  that  drug  alone,  and,  therefore,  in  their  use  a  separate 
percolator  must  be  provided  for  each  drug  desired  to  be  percolated^ 
The  chief  cause  of  the  frailty  of  glass  or  earthenware  percolators  is 
their  funnel  form,  which  also  increases  their  cost.  Earthenware 
crocks  with  flat  bottoms  can  be  obtained  of  almost  any  size  and  for 
prices  comparatively  low,  and,  possessing  a  firm  foundation,  are  very 
durable;  hence  the  use  of  same  in  percolation  was  suggested  to  the 
fertile  mind  of  Dr.  Squibb,  whose  experiments  brought  forth  the  well 
tube   percolator,   which   consists   of  an   earthenware    crock   with   the 
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inside  bottom  fitted  with  a  sheet  of  felt  for  filtering  purposes,  and 
the  drug  packed  therein  around  a  large  glass  tube.  If,  upon  the 
drug  so  packed,  menstruum  is  poured,  it  percolates  through  to  the  felt, 
then  rises  in  the  interior  of  the  central  glass  tube  to  practically  the 
same  height  as  it  is  on  the  outside,  following  the  well-known  law  of 
water  seeking  its  own  level. 

Now,  if  in  this  tube  is  placed  a  syphon,  the  liquid  within  the  well 
tube  can  be  drawn  off,  and  if  a  sufficient  quantity  of  menstruum  is  kept 
on  drug  outside  the  well  tube,  a  constant  level  can  be  maintained  in 
the  well  tube  ready  to  be  drawn  off  through  the  syphon.  In  order  to 
maintain  a  constant  flow  from  the  syphon  its  lower  end  must  be  bent 
up  as  shown  in  cut,  making  the  orifice  at  least  three-quarters  of  an  inch 
higher  than  the  orifice  of  the  short  arm.  If  this  precaution  is  not  taken, 
the  liquid  in  the  well  tube  is  syphoned  off  more  rapidly  than  it  percolates, 
emptying  the  syphon  immediately  (Fig.  172). 

Among  the  other  forms  of  modified  percolators  are  the  various  pres- 
sure percolators,  such  as  Rosewater's  and  Berry's,  both  of  these  being 
based  on  the  principle  of  the  Real  percolating  press.  With  these,  drugs 
can  be  percolated  very  rapidly  and  quite  thoroughly. 

Volatile  Liquid  PercolcUors. — In  the  manufacture  of  oleoresins  by 
percolation  with  ether  care  must  be  takien  to  avoid  undue  evaporation 
of  the  volatile  solvent,  and  in  this  case  a  special  variety  of  percolator 
(Fig.  173)  has  been  suggested.  A  similar  volatile  liquid  percolator  can 
be  made  with  any  ordinary  percolator  by  fitting  the  lower  orifice  of  the 
percolator  with  a  cork,  through  which  passes  a  glass  tube,  which  in  turn 
passes  through  another  cork  tightly  fitted  into  the  receiving  bottle 
(Chapter  XV.).  Then  there  must  be  an  exit  for  the  air  from  the  receiv- 
ing bottle,  hence  the  receiving  bottle  must  have  two  orifices,  one  pro- 
vided with  a  glass  tube  connected  by  a  rubber  tube  to  the  cork,  tightly 
closing  the  top  of  the  percolator;  which  cork,  for  convenience  sake,  is 
usually  provided  with  a  second  orifice,  through  which  passes  a  funnel  for 
the  admission  of  the  solvent.  In  some  works  the  use  of  the  rubber  tube 
connecting  the  receiving  bottle  with  the  top  of  the  percolator  is  objected 
to  on  the  grounds  that  the  vapors  of  ether  will  attack  the  rubber  of  this 
tube,  hence  it  is  recommended  that  the  outlet  tube  of  the  receiver  be 
drawn  to  a  fine,  tapering  point,  to  reduce  loss  of  evaporation  to  the  men- 
struum, a  similar  tapering  tube  being  fitted  in  the  cork  closing  the  top 
of  the  percolator.  The  author's  experience,  however,  has  shown  that 
the  danger  of  destroying  the  rubber  is  scarcely  worth  considering,  and 
not  only  by  means  of  such  rubber  tubing  is  the  loss  by  evaporation 
reduced  to  the  minimum,  but  a  steady  flow  of  air  from  the  receiving  bottle 
to  the  top  of  the  percolator  ensues. 

A  modification  of  a  volatile  liquid  percolator  was  used  by  the  writer 
in  a  long  series  of  experiments  in  ordinary  percolation,  from  which  he  drew 
the  conclusion  that  it  would  be  highly  profitable  to  use  such  a  vblatile 
liquid  percolator  for  all  cases  of  percolation. 
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INTRODUCTION 


GALENIC  PHARMACEUTIC  PREPARATIONS 

Having  considered  all  the  processes  used  in  pharmacy,  we  are  now 
ready  to  studj'  the  application  of  these  in  the  manufacture  of  pharmaceutic 
preparations. 

For  convenience  in  teaching  we  group  pharmaceuticals  into  two 
classes — galenic  preparations  and  chemical  preparations.  Those  prepara- 
tions in  the  manufacture  of  which  no  chemical  action  is  involved  are 
called  galenic,  after  Galen,  one  of  the  ancient  medical  authorities,  while 
chemical  preparations  are  those  in  which  a  chemical  change  is  produced 
during  process  of  manufactiu-e. 

Already,  in  discussing  Solution  (p.  118),  attention  was  called  to  the 
fallacy  of  the  grouping  into  simple  and  chemical  solution,  from  the 
strictly  philosophic  standpoint;  yet,  at  the  same  time,  the  convenience 
of  such  grouping  from  the  pharmaceutic  point  of  view  is  readily  admitted. 

The  same  reasoning  applies  to  a  certain  extent  to  the  grouping  of 
pharmaceuticals  into  galenic  and  chemical  preparations,  for  many  so- 
called  chemical  preparations  can  be  made  equally  well  by  the  retail 
pharmacist  by  purely  galenic  means.  Thus,  while  the  manufacture  of 
syrup  of  hydriodic  acid  of  the  pharmacopoeia  of  1890  involved  a  chemical 
action,  the  recipe  of  the  present  pharmacopoeia  consists  in  merely  mixing 
diluted  hydriodic  acid  with  water  and  syrup.  It  is  true  that  in  making 
diluted  hydriodic  acid  (U.S.P.  IX.)  the  same  chemical  action  occurs  that 
took  place  in  making  syrup  of  hydriodic  acid  (U.S.P.  1890),  but  this  does 
not  apply  as  far  as  the  present  S3rrup  is  concerned,  it  being  just  as  much  a 
galenic  as  is  syrup  of  citric  acid. 

As  above  mentioned,  the  classification  of  pharmaceuticals  into  galenic 
and  chemical  preparations,  as  far  as  this  book  is  concerned,  is  a  matter 
of  convenience. 

It  would  be  manifestly  absurd  to  discuss  the  manufacture  of  a  prepara- 
tion of  which  the  most  prominent  feature  is  a  chemical  reaction,  before 
considering  the  subject  of  chemistry  as  outlined  in  Part  III.;  hence  in  all 
such  preparations  the  discussion  of  their  manufacture  will  be  deferred 
until  Part  III.  is  reached,  and  the  only  mention  of  them  in  this  division 
will  be  the  grouping  of  them  under  the  heading  Chemical  Preparations 
in  the  list  of  officials  found  at  the  beginning  of  the  discussion  of  each  group 
of  official  pharmaceuticals. 
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The  groups  .of  official  pharmaceuticals  are  given  below  in  a  tabulated 
form: 

UQUm  PREPARATIONS 

I.  Solutions  of  volatile  substances : 

Aqueous Waters. 

Alcoholic Spirits, 

II.  Solutions  of  non-volatile  substances: 
(a)  Made  by  a  simple  solution: 

Aqueous SchUiona. 

Aqueous  (viscid) Mucilages. 

Aqueous  (saccharine) Syrups. 

Mellifluous Moneys, 

Alcoholic Some    tinctures^  as  tinct- 
ure of  ferric  chloride. 

Alcoholic  (saccharine) Elixirs. 

Glvcerinic Glycerites. 

Ethereal Collodions. 

Oleaginous Oleates, 

(6)  Made  by  maceration  or  percolation : 

Aqueous Infusions  and  Decoctions. 

Alcoholic Tinctures  And  Fluidextracts. 

Vinous Wines. 

Ethereal Oleoresins. 

Acetous Vinegars. 

III.  Liquids  containing  undissolved  matter: 
(a)  For  internal  use: 

Aqueous,  with  neither  oil  nor 

resin Mixtures. 

Aqueous,  with  oil  or  resin Emulsions, 

(&)  For  external  use : 

Oleaginous Liniments, 


SOLID  PREPARATIONS 

I.  Made  by  maceration  or  percolation: 

Bv  evaporation Extracts  (Abstracts,  U.S. P. 

1880). 
By  precipitation Resins. 

II.  Without  maceration  or  percolation: 

(a)  For  administration  by  mouth  in  undivided  portions : 

Pulverized Powders. 

Semisolid Masses. 

Semisolid  (saccharine) Confections, 

In  divided  portions: 

Globular  doses PiUs. 

Disk-like  doses Troches. 

(b)  For  administration  by  rectiun,  etc Suppositories. 

(c)  For  external  administration: 

Greasy  masses — 

Applied  as  a  plaster Cerates, 

Applied  by  inunction Ointments, 

Moist  masses Cataplasms, 

Sticky  masses Plasters, 

Spread    on    or    absorbed    by 
paper Papers, 
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CHAPTER  XI 
WATERS  AND  SPIRTTS 


WATERS 


Waters  are  cupjLeous  solutions  of  volatile  svbstances,  not  like  spirits, 
which  are  alcoholic  solutions  of  volatile  substances;  not  like  solutions, 
which  are  aqueous  solutions  of  non-volatile  substances. 

Again,  the  volatile  substance  may  be  solid,  liquid,  or  gaseous.  An 
example  of  an  official  water  containing  a  volatile  solid  is  found  in  camphor 
water;  among  those  containing  volatile  liquids  may  be  cited  any  of  the 
officii  waters  made  from  a  liquid  oil. 

The  following  table  gives  a  list  of  official  waters  grouped  according 
to  process  of  manufacture: 


Process. 


TABLE  OF  OFFICIAL  WATERS 

Galenic  Preparations. 
Ammonia  water. 
Bitter  almond  toater. 
Creosote  woier. 


Chemical  Preparations, 


Simple  solution    or   dilu- 
tion  1  Chloroform  water. 

Orange  flower  water. 
Rose  water. 

( Stronger  ammonia  water. 

Ciaseous  solution •  Chlorine  water  (U.S.P. 

I      1890). 
Anise  water. 
Camphor  rvaier. 
Cinnamon  water. 
Fennel  water. 
Peppermint  water. 
Spearmint  water. 
Distilled  water. 
Hamamelis  water. 
Stronger  orange  flower 

water. 
Stronger  rose  water. 
Sterile  disWled  water. 


Filtration  through  absorb- 
ent powder 


Distillation 
Steriliiation 


The  process  o(f  preparing  by  simple  solution  or  dilution  consists  in 
taking  the  constituent  and  adding  and  agitating  same  with  a  sufficient 
quantity  of  water.  With  those  prepared  by  gaseous  solution  the  gas  is 
generated  in  an  appropriate  apparatus,  and,  after  being  washed,  is 
passed  into  the  cylinder  containing  the  water,  as  explained  on  p.  127, 
usually  the  passage  of  the  gas  being  continued  until  the  solution  is 
saturated  with  gas. 

Some  gases  are  much  more  soluble  in  water  than  others.  Thus  a  28 
per  cent,  aqueous  solution  of  ammonia  gas  can  be  prepared,  while  a 
saturated  chlorine  water  contains  only  0.4  of  1  per  cent,  of  that  gas. 

Filtration  through  Absorbent  Powder. — This  process  is  employed  to 
obtain  a  saturated  solution  of  volatile  oil,  the  only  exception  being  the 
manufacture  of  camphor  water,  which  see.  Volatile  oils  are  very  spar- 
ingly soluble  in  water,  and,  in  the  attempt  to  facilitate  solution,  the  oil 
is  separated  into  a  finely  divided  form  by  trituration  with  an  absorbent 
powder,  and  when  thus  absorbed  (p.  136)  water  is  gradually  added. 
The  absorbent  powders  employed  for  this  purpose  in  former  pharma- 
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copoeias  were  magnesium  carbonate  and  precipitated  calcium  phosphate. 
Waters  prepared  with  either  one  of  these  powders  are  unsatisfactory. 
Magnesium  carbonate  dissolves  in  water  in  appreciable  amounts,  and 
an  aromatic  water  prepared  in  this  way  will  very  frequently  precipitate 
chemicals  one  desires  to  dissolve  therein.  Calcium  phosphate  was 
chosen  by  the  pharmacopoaia  of  1890  by  reason  of  its  supposed  insolu- 
bility; but  investigation  showed  that  while  calcium  phosphate  is  not  so 
soluble  as  magnesium  carbonate,  the  minute  traces  which  do  dissolve 
cause  more  mischief  than  does  the  magnesium  carbonate;  the  calcium 
phosphate  acting  as  pabulum  for  the  spores  of  microscopic  plants  which 
may  lodge  in  the  water,  forming  fiocculent,  slimy  masses,  due  to  the 
growth  of  these  spores  into  plants.  For  this  reason,  in  the  present 
revision,  purified  talc  is  chosen  as  the  absorbent  powder. 

Distillation. — This  process  was  the  first  way  in  which  aromatic 
waters  were  prepared,  and  yields  the  finest  product.  The  process  of 
distillation  has  been  fully  described  in  Chapter  V.,  and  here  need  only 
be  mentioned  the  modifications  of  the  process  adapted  for  the  product 
under  consideration. 

The  substances  from  which  the  volatile  principles  are  to  be  obtained 
are  suspended  in  a  boiler  or  a  still,  and  are  never  permitted  to  lie  on  the 
surface  of  the  boiler  next  to  the  flame,  for  in  such  a  case  the  heat  produces 
a  decomposition,  and  the  product  will  be  ruined  through  presence  of 
empyreumatic  odors.  Into  the  still  a  requisite  quantity  of  water  is 
poured  and  is  heated  on  a  slow  fire,  and,  as  the  vapors  rise  from  the 
boiler,  they  carry  with  them  the  aromatic  principles  found  in  the  plant. 
If  enough  of  the  substance  is  used,  a  considerable  excess  of  the  oil  may  be 
found  floating  on  the  surface  of  the  distillate.  In  fact,  most  distilled 
waters  are  made  on  a  large  scale  as  the  side  product  in  the  distillation  of 
volatile  oils  (see  p.  739). 

Distilled  rose  water  and  orange  flower  water  of  commerce  are  termed 
simple  distilled,  double  distilled,  triple  distilled,  or  quadruple  distilled, 
according  to  strength. 

A  double  distilled  water  is  prepared  by  mixing  1  part  of  flowers  with 
say,  2]^  parts  of  water,  and  collecting  2  parts  of  distillate;  triple 
distilled  is  made  by  distilling  off  1  part  of  distillate  from  IJ^  parts 
of  flowers;  while  quadruple  distilled  is  made  by  securing  1  part  of 
distillate  from  1  part  of  flowers;  hence  the  triple  distilled  is  stronger 
than  the  quadruple  distilled.  In  some  cases,  in  preparing  quadruple 
distilled  water,  another  1  part  of  flowers  is  mixed  with  sufiicient  double 
distilled  water,  and  2  parts  distillate  obtained.  This  process  of  redistilling 
is  called  cohobcUion. 

In  most  of  the  modern  perfume  factories  the  distillation  over  a  naked 
fire  has  been  supplanted  by  distilling  in  steam.  In  this  case  steam  is 
passed  into  an  appropriate  iron  vessel  containing  the  aromatic  substance, 
and  in  passing  through  it  carries  the  odor  along  with  it. 

The  preservation  of  distilled  waters  is  not  an  easy  matter  by  reason 
of  the  fact  that  such  solutions  afford  a  nidus  for  the  growth  of  microscopic 
plants.  It  has  been  observed  that  the  growth  of  these  plants  is  furthered 
by  the  corking  of  the  containers,  and  in  the  warehouses  of  the  large 
aromatic  water  distillers  the  waters  are  kept  in  carboys,  which  are 
closed  with  a  pledget  of  cottoii  instead  of  being  corked. 

The  term  "aromatic  waters"  has  reference  to  that  class  of  waters 
which  are  made  from  odorous  principles,  and  are  used  chiefly  as  per- 
fumes and  flavorings.    This  includes  all  the  ofl&cial  waters  except  the 
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ammonia  waters,  creosote  water,  chloroform  water,  hamamelis  water, 
and  chlorine  water  (U.S.P.  1890). 

Two  methods  of  manufactm*e  of  aromatic  waters  not  given  official 
sanction  are  by  solution  in  hot  water  and  by  percolation  through  cotton. 

Hot-water  Process, — This  consists  in  agitating  volatile  substances 
with  hot  water,  a  process  recommended  by  several  pharmaceutic  writers. 
The  process,  however,  is  not  official,  and  the  pharmacopoeia  has  been 
wise  in  omitting  the  same,  for  the  reason  that  the  use  of  hot  water 
occasions  considerable  loss  through  the  evaporation  of  the  volatile  sub- 
stance. Again,  it  may  be  cited  that  the  use  of  hot  water  does  not  produce 
more  satiurated  products;  experiments  have  shown  that  when  the  waters 
so  prepared  are  brought  to  the  normal  temperature  and  filtered  until 
perfectly  clear,  their  strength  is  no  greater  than  those  made  by  other 
processes.  As  a  possible  advantage  of  the  use  of  hot  water  it  has  been 
said  that  the  process  afforded  more  rapid  solution  than  any  other  process. 
But,  admitting  this  as  true,  it  is  more  than  counterbalanced  by  the 
inconvenience  of  agitating  a  hot  bottle  with  the  possible  blowing  out  of 
the  cork,  to  say  nothing  of  the  danger  of  fracturing  the  glass  container. 

Percolation  through  Cotton, — ^The  pharmacopoeia  of  1880  adopted 
the  plan  suggested  by  W.  S.  Thompson,  of  subdividing  the  oil  by  pouring 
it  on  absorbent  cotton  and  picking  the  cotton  into  shreds.  In  this  way 
a  small  quantity  of  oil  can  be  distributed  thoroughly  over  a  considerable 
amount  of  cotton,  and  thus  become  intimately  subdivided,  strands  of 
cotton  acting  as  capillaries  and^drawing  into  the  lumen  minute  traces 
of  the  oil.  The  process  yields  a  very  good  and  permanent  product,  but 
was  abandoned  in  the  revision  of  1890  by  reason  of  the  untidiness  of  the 
operation,  the  pulling  of  the  cotton  usually  being  accomplished  by  hand. 
A  modification  of  this  process,  the  principle  of  which  is  the  same,  is  that 
of  dropping  the  oil  drop  by  drop  on  a  large  sheet  of  filter-paper,  and  finally 
tearing  the  paper  into  shreds  and  digesting  it  in  water,  but  this  process 
is  scarcely  more  advantageous  than  is  the  picking  of  cotton.  The  cotton 
on  which  the  oil  has  been  divided  is  then  placed  in  a  percolator,  the 
neck  of  which  has  been  plugged  with  a  piece  of  pmre  absorbent  cotton, 
and  the  cotton,  imbued  with  oil,  is  then  packed  down  firmly,  and  the 
water  is  made  to  percolate  through  the  same.  It  must  be  said,  in 
passing,  however,  that  this  process  does  not  yield  so  strong  a  product 
as  does  the  filtration  through  absorbent  powder.  And,  in  truth,  none 
of  the  processes  yields  a  more  superior  product  in  any  way  to  the  water 
prepared  by  pouring  the  oil  into  cold  water  and  agitating  from  time  to 
time  during  a  period  of  twenty-four  hours.  Water  so  treated  is  separated 
from  the  undissolved  oil  by  passing  through  a  well-wetted  filter. 

It  will  be  noted  that  the  present  pharmacopoeia  gives  permission  to 
prepare  aromatic  waters,  either  by  the  use  of  "Kieselguhr"  by  the  filter- 
paper  process,  by  shaking  the  oU  with  cold  water,  or  by  distillation  under 
the  special  heading — Aqua  aromaticoB. 

Special  Notes  on  Official  Waters. — Before  discussing  the  several 
official  waters,  a  few  words  explanatory  of  the  order  of  presentation  of 
these  and  other  galenic  preparations  may  not  come  amiss.  Having 
already  given  the  general  methods  of  manufacture  and  a  table  of  the 
official  representatives  of  this  class  of  preparations,  at  this  place  reference 
need  only  be  made  to  the  individual  peculiarities  of  each  of  the  several 
preparations,  which  will  be  presented  in  alphabetic  order,  except  in  cases 
where  other  arrangements  are  advisable.  The  official  recipe  for  many  of 
the  same  class  of  galenics  is  identical,  save  the  constituents,  and,  there- 
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fore,  in  order  to  avoid  "vain  repetition,"  the  pharmacopceial  recipes  wiJJ 
be  given  at  length  only  in  one  case,  and  under  the  other  preparations  made 
by  the  identical  process  will  be  the  reference  to  the  typical  recipe,  with  a 
note  as  to  the  deviations  in  making  the  preparation  under  consideration. 
To  be  specific,  in  the  class  of  aromatic  waters  the  six  official  waters — anise, 
camphor,  cinnamon,  fennel,  peppermint,  and  spearmint — are  made  by 
exactly  similar  process,  filtration  through  the  absorbent  powder  (purified 
talc),  the  only  difference  being  the  employment  of  the  specific  oil  (or 
alcoholic  solution  in  one  case)  needed  to  make  the  particular  flavor 
desired.  Hence  an  outUne  of  the  U.  S.  P.  recipe  will  be  given  in  case  of 
anise  water,  arid  in  discussing  the  other  five  waters  reference  will  be  made 
under  "recipe"  to  the  anise  water  recipe,  with  such  changes  as  are  neces- 
sary to  produce  that  special  official.  If  no  recipe  is  {wrescribed  by  the 
pharmacopoeia,  mention  of  the  fact  will  be  given. 

Again,  as  already  mentioned.  Part  II.  is  not  the  proper  place  to 
discuss  the  chemistry  of  manufacture  of  such  official  preparations  as  are 
more  chemical  than  pharmaceutic;  hence  in  such  cases  discussion  of 
manufacture  will  be  left  for  Part  III.,  and  the  fact  so  noted. 

Lastly,  these  arrangements  will  obtain  as  far  as  possible  in  all  the 
different  classes  of  preparations  discussed  in  Part  II.  Particularly 
will  the  "general  recipe"  idea  be  applied  in  the  case  of  tinctures  and 
fluidextracts,  where  scores  of  each  class  of  preparations  are  made  by  a 
process  identical,  save  in  choice  of  menstruum  and  fineness  of  powder. 

AQU^  AROMATICiE— Aromatic  Waters 

Under  this  heading,  the  pharmacopoeia  gives  a  general  process,  direct- 
ing the  use  of  2  mils  of  volatile  oil,  15  Gm.  of  purified  talc  and  recently 
boiled  distilled  water  enough  to  make  1  liter.  Permission  is  given  to 
use  the  several  alternative  processes  outlined  on  the  preceding  page. 

Remarks. — The  above  statement  gives  pharmacopceial  sanction  to 
the  manufacture  of  aromatic  waters  by  the  several  processes  there 
enumerated. 

AQUA  AMMONIA  and  AQUA  AMMONIA  FORTIOR 

Both  are  solutions  of  the  chemical,  ammonia,  and  will  be  described 
on  p.  450. 

AQUA  AMTGDALE  AMAILS— Bitter  Almond  Water 

(Aq.  Amygd.  Amar.) 

Condensed  Recipe. 

IngredienlB. — Oil  of  bitter  almond,  1  mil:  recently  boiled  distilled  water,  999  mils. 
Manipulation, — Prepared  by  simple  solution  and  filtration. 

Remarks, — Note  that  the  strength  of  this  water  is  0.1  of  1  per  cent, 
and  that  it  is  not  the  same  as  the  international  bitter  almond  water, 
which  is  directed  to  contain  0.1  of  1  per  cent,  of  hydrocyanic  acid. 

Dose, — 4  mils  (1  fluidrachm). 

AQUA  ANISI— Anise  Water 

(Aq.  Anisi) 

Condensed  Recipe. 

Ingredients. — Oil  of  anise,  2  mils;  purified  talc,  15  Gm.;  recently  boiled  distilled 
water,  enough  to  make  1000  mils. 
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Mcmipulatum, — Triturate  the.  oil  with  the  purified  talc,  then  with  the  water  and 
inally  filter.    For  details,  see  U.S.P.,  p.  55. 

Remarks. — It  is  frequently  stated  that  the  percentage  of  oil  in  anise 
vater  is  0.2, of  1  per  cent.  This,  however,  is  incorrect,  inasmuch  as 
carcely  more  than  half  of  the  oil  is  dissolved  by  the  water,  the  rest 
emaining  in  the  talcum  left  on  the  filter. 

Dose. — 16  mils  (4  fluidrachms). 

/LQUA  AURANTn  FLORUM— Orange  Flower  Water 

(Aq.  Aur.  Flor.) 

Candemed  Recipe. — Dilute  stronger  orange  flower  water  with  an  equal  volume  of 
initer. 

Remarks. — ^This  water  is  made  by  the  process  of  dilution.  A  radi- 
cal change  was  made  in  both  "rose  water"  and  "orange  flower  water" 
in  the  revision  of  1890. 

What  were  known  by  these  titles  in  the  former  pharmacopoeias — 
the  so-called  triple  distilled  imported  waters — are  now  official  as  the 
''stronger  waters,"  while  the  terms  rose  water  and  orange  flower  water 
are  applied  to  waters  diluted  to  50  per  cent,  by  the  addition  of  distilled 
water. 

An  ancient  synonym  for  orange  flower  water  which  is  sometimes 
employed  in  prescription  writing  is  aqua  naphce. 

AQUA  AURANTn   FLORUM   FORTIOR— Stronger   Orange   Flower 

Water 

(Aq.  Aurant.  Flor.  Fort.) 

The  saturated  ac^ueous  distillate  prepared  by  distilling  the  fresh  flowers  of  Citrus 
Awrardivm  amara  Linn^  (Fam.  Rutacecs)  with  water.  Preserve  it  in  bottles  stoppered 
with  a  pledget  of  purified  cotton  and  in  a  dark,  cool  place. 

Sofurce. — ^The  commercial  article. 

DescripHon. — Ck)lorle8S  and  only  faintly  opalescent  with  pleasant  orange  flower 
odor  and  taste. 

Impurities. — Metals.  Test  with  hydrogen  sulphide  or  sodium  sulphide.  For 
details  see  U.S.P.,  p.  66. 

Manufacture. — No  recipe  is  given  by  the  pharmacopoeia,  but  this 
water  is  made  by  cohobation,  as  already  described  on  p.  172,  the  commer- 
cial article  being  "triple  distilled." 

Remarks. — The  metalhc  impurity  test  given  above  is  intended  to 
prevent  use  of  a  water  that  has  been  kept  too  long  in  the  copper  con- 
tainers (usudly  tin  lined)  in  which  the  commercial  article  is  usually 
shipped. 

Medical  Properties. — Flavor  and  mild  sedative. 

AQUA  CAMPHOSJE— Camphor  Water 

Recipe. — lAke  anise  water,  except  that  in  making  1000  mils  the  talc  is  triturated 
with  a  solution  of  8  Gm.  of  Camphor  in  8  mils,  of  alcohol 

Remarks, — Camphor  water  is  the  only  official  water  made  by  tri- 
turation with  talc  in  which  the  base  is  not  a  volatile  oil.  In  making 
it  the  camphor  is  dissolved  in  alcohol  and  the  alcoholic  solution  is 
triturated  with  purified  talc,  as  if  it  were  a  volatile  oil. 

Dm.— 10  mils  (2J^  fluidrachms). 
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AQUA  CHLORI  (U.S.P.  1890)— Chlorine  Water 

The  process  of  manufacture  of  this  will  be  found  on  p.  373,  as  this  is 
not  the  proper  time  to  consider  the  chemical  action.  Chlorine  water  is 
a  preparation  which  should  be  made  freshly  each  time  it  is  dispensed, 
and  at  present,  the  National  Formulary  provides  a  simple  extempora- 
neous process  for  preparing  a  similar  preparation,  liquor  chlori  comyosilus. 

AQUA  CHLOROFORMI— Chloroform  Water 

(Aq.  Chlorof.) 

Condensed  Recipe, — Chloroform  and  recently  boiled  distilled  water,  of  each  a 
sufficient  quantity,  are  mixed  together  in  a  dark  amber-colored  bottle;  enough  chloro- 
form being  used  to  insure  a  slight  excess  after  a  saturated  aqueous  solution  is  obtained. 
For  details,  see  U.S. P.,  p.  56. 

Remarks. — The  above  recipe  is  a  modification  of  the  process  of  simple 
solution,  the  finished  product  being  kept  over  a  layer  of  chloroform. 
This  is  done  in  order  that  the  finished  product  remain  a  saturated  solu- 
tion, experience  proving  that  a  filtered  chloroform  water  soon  loses  all 
its  volatile  active  principle,  leaving  nothing  but  ordinary  \^ater.  The 
saturated  solution  contains  about  H  of  1  per  cent,  of  chloroform. 

Dose. — 15  mils  (4  fluidrachms). 

AQUA  CINNAMOMI— Cinnamon  Water 

Recipe, — 1000  mils  water  is  made  exactly  as  is  anise  water,  except  that  2  mils  oil 
of  cinnamon  is  employed  instead  of  the  oil  of  anise. 

Remarks. — Cinnamon  water  belongs  to  the  same  class  as  anise  water, 
made  by  the  same  method,  and  the  remarks  appUed  to  the  strength  of 
anise  water  are  equally  forcible  in  the  case  of  the  water  under  considera- 
tion. It  must  be  borne  in  mind  that  the  oil  of  cinnamon  from  which  the 
water  is  made  is  very  irritating,  and  often  in  the  dilution  found  in  cinna- 
mon water  the  taste  is  decidedly  biting.  For  this  reason  the  pharmaco- 
poeia directs,  when  making  chalk  mixture,  that  the  cinnamon  water  be 
used  diluted  with  a  quantity  of  water,  as  explained  on  p.  257. 

Dose, — 15  mils  (4  fluidrachms). 

AQUA  CREOSOTI— Creosote  Water 

Recipe, — Made  like  bitter  almond  water,  by  simple  solution,  except  that  10  mils 
of  creosote  are  mixed  with  990  mils  of  boiled  distilled  water. 

Rem^arks, — Creosote  water  is  not  a  permanent  preparation,  for  the 
filtered  solution,  on  standing,  becomes  turbid,  and  deposits  some  of  the 
decomposition  products  of  the  creosote  in  the  form  of  a  smeary  tar. 

For  this  reason  the  pharmacopoeia  directs  it  to  be  freshly  prepared. 

Dose, — 10  mils  (2J^  fluidrachms), 

AQUA  DESTILLATA— Distilled  Water 

and 
AQUA  DESTILLATA  STERILIZATA— SteriUzed  Distilled  Water 

These  officials  being  chemicals  rather  than  pharmaceuticals,  will  be 
discussed  in  Part  IIL 
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AQUA  FCENICULI— Fennel  Water 

Recipe. — Made  by  triturating  2  mils  Oil  of  Fennel  with  purified  talc  and  water  to 
make  1000  mils.     Details  identical  with  recipe  for  anise  water. 

Dose. — 15  mils  (4  fluidrachms). 

AQUA  HAMAMELIDIS— Hamamelis  Water 
(Aq.  Hamam  Witch  Hazel  Water.    Distilled  Extract  of  Witch  Hazel) 

A  saturated  aqueous  liquid  obtained  by  distilling  with  steam  or  water  the  bark, 
twigs,  smaller  stems  or  the  entire  shrub  of  Hamamelis  virginiana  Linn4  (Fam.  Hamor 
melidaceee)  collected  in  the  autumn  and  adding  one  hundred  and  fifty  mils  of  alcohol 
to  each  eight  hundred  and  fifty  mils  of  distillate.  Preserve  it  in  tightly  closed  containers 
in  a  cool  place. 

Source. — ^The  commercial  article  containing  not  less  than  14  per  cent,  of  absolute 
grain  alcohol. 

Description, — Colorless  or  faint  yellow  liquid  of  characteristic  odor.  Sp.  gr., 
0.979  to  0.982. 

ImpurUies. — Metals,  formaldehyde,  methyl  alcohol.  For  details  see  U.S.P., 
p.  59. 

Remarks. — This  official  is  what  is  commonly  called  distilled  extract 
of  witch  hazel,  and  has  attained  widespread  popularity  through  the 
persistent  advertising  of  one  of  its  proprietary  forms.  Its  therapeutic 
value  is  doubtful,  many  authorities  claiming  that  its  sole  virtue  resides 
in  the  alcohol  it  contains.  Of  particular  importance  to  the  retailer  is 
the  pharmacopoeial  demand  that  this  product  contain  14  per  cent,  grain 
alcohol  (ethyl  alcohol  of  the  pharmacopoeia),  and  that  no  formaldehyde 
be  present.  Many  distillers  have  of  late  used  wood  alcohol,  and  in  the 
crusade  against  the  use  of  this  poison  in  drugs  several  honest  pharmacists 
have  been  prosecuted  for  dispensing  methylated  witch  hazel — another 
illustration  of  the  importance  of  the  testing,  by  the  pharmacist,  of  every 
product  sold  by  him  under  his  label  and  not  made  in  his  laboratory. 

Dose. — ^8  nuls  (2  fluidrachms). 

AQUA  MENTHA  PIPERITiE— Peppermint  Water 

Recipe. — 1000  mils  is  made  from  2  mils  Oil  of  Peppermint  by  process^  exactly  the 
same  as  that  for  making  anise  water — trituration  with  purified  talc. 

Dose. — 15  mils  (4  fluidrachms). 

AQUA  MENTHJE  VIRIDI&— Spearmint  Water 

Recipe. — 1000  mils  is  made  from  2  mils  Oil  of  Spearmint,  exactly  as  in  the  recipe 
for  anise  water. 

Dose. — 15  mils  (4  fluidrachms). 

AQUA  ROS£— Rose  Water 

Recipe. — By  dilution  of  stronger  Rose  Water  with  equal  quantity  of  water,  as  in 
recipe  for  orange  flower  water. 

AQUA  ROSiE  FORTIOR— Stronger  Rose  Water 

(Aq.  Ros.  Fort) 

The  saturated  aqueous  distillate  prepared  by  distilling  the  fresh  flowers  of  Rosa 
eentifolia  Linn^  (Fam.  Rosacea)  with  water.  Preserve  it  in  bottles  stoppered  with  a 
pledget  of  purified  cotton,  in  a  cool,  dark  place. 

12 
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Source. — The  commercial  article. 

Description, — Clear  and  colorless  liquid,  smelling  like  roses. 

ImpttrUies. — Metals.  Test  with  hydrogen  sulphide  or  sodium  sulphide.  For 
details,  see  U.S.P.,  p.  60. 

Manufacture. — No  recipe  given  by  the  pharmacopceia,  but  it  is  a 
triple  distilled  water. 

Remarks. — ^The  two  varieties  of  rose  water  are  analogous  to  the 
two  official  orange  flower  waters  already  discussed. 

Aqua  Phenolata  K.F.  is  made  by  dissolving  22  mils  of  liquefied  phenol  in  978  mils 
of  distilled  water. 

Medical  Properties  of  Waters. — The  medical  properties  of  most 
pharmaceutic  preparations  are  those  of  the  drugs  from  which  they  are 
obtained,  and  therapeutic  consideration  will  be  found  in  the  proper 
place  under  the  drug  which  is  the  leading  ingredient. 

In  some  few  cases,  however,  the  preparation  consists  of  a  blending  of 
ingredients  giving  different  action  than  the  constituent  drugs;  or  possibly 
may  be  a  commercial,  ready-made  article,  the  constituents  of  which  are 
not  official.  In  such  cases,  illustrated  in  this  chapter  in  orange  flower 
water,  the  medical  properties  will  be  discussed  at  the  time  the  prepara- 
tion is  considered. 

Waters  as  a  class  are  usually  such  diluted  preparations  that  they 
are  scarcely  used  as  medicines,  but  are  generally  employed  as  vehicles. 
As  notable  exceptions,  however,  must  be  cited  such  waters  as  the  am- 
monia waters  and  chlorine  water;  these,  being  rather  powerful  prepara-t 
tions  and  having  special  uses,  will  be  considered  in  their  place  among  the 
chemicals. 

DOSES  OF  OFnCIAL  WATERS 

1  mil   (16  minims) Ammonia  water. 

4  mils  (1  fluidrachm) Bitter  almond  water. 

10  mils  (2}4  fluidrachms) Camphor  water,  creosote  water. 

15  mils  (4  fluidrachms) Anise  water,  chloroform  water,  cinnamon  water, 

fennel  water,  peppermint   water,    spearmint 
water. 

No  dose  given Hamamelis  water,  the  orange  flower  water,  the 

rose  waters. 

Stronger  anmionia  water  should  never  be  dispensed  for  administra- 
tion by  a  patient,  it  being  recognized  by  the  pharmacopoeia  merely  as  a 
standard  form  of  ammonia  which  can  be  diluted  to  a  10  per  cent,  strength 
when  required. 

SPXRirs 

A  spirit  is  an  alcoholic  solviion  of  a  volatile  substance^  and,  therefore, 
they  differ  from  waters  only  in  the  solvent  employed.  For  this  reason 
a  number  of  spirits  are  made  from  substances  which  are  also  used  in  the 
manufacture  of  waters.  Practically,  all  the  volatile  oils  represented 
in  the  list  of  aromatic  waters  are  found  in  alcoholic  solutions  among  the 
spirits.  The  number  of  spirits,  however,  is  larger  than  that  of  the  waters, 
due  to  the  superior  solubility  of  oils  in  alcohol.  Moreover,  the  amount 
of  oils  found  in  spirits  is  much  greater  than  that  found  in  waters,  most  of 
the  spirits  containing  from  5  to  10  per  cent,  or  even  20  per  cent,  of  the 
oil. 
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Manufacture. 


TABLE  OF  OFFICIAL  SPIRITS 
Galenic  Preparations. 


Chemical  Preparation. 


Simple  solution  or  dilution. 


'  Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 
Spirit  of 

fpirit  of 
..   pirit  of 

Solidion  uritk  maceration. . .  <  a?:-:*  ^f 

'>*«'^«°«- (KS^: 


ammonia,  aromatic. 

anise. 

bitter  almond. 

camphor. 

chloroform. 

cinnamon. 

ether. 

ether,  compound  (U.S.P.,viii). 

gaultneria  (U.S.P.,  viii). 

glyceryl  trinitrate. 

juniper. 

juniper,  compound. 

lavender. 

orange,  compound. 

ammonia.  (U.S.P.  viii). 

peppermint. 

spearmint. 

(U.S.P.  viii). 

(U.S.P.  viii). 


Spirit  of  ni- 
trous ether. 


As  is  seen  in  the  above  chart,  the  oflScial  spirits  are  made  in  two 
different  ways: 

Simple  Solution  or  Dilution. — This  process  is  simply  adding  and  dis- 
solving the  medicated  substance  in  alcohol.  (In  this  group  we  find 
twelve  of  the  fourteen  official  spirits.)  A  general  formula  for  a  spirit  of 
a  volatile  oil  is  given  in  the  National  Formulaiy. 

Solution  by  Maceration* — Two  official  spirits  are  made  in  this  way — 
peppermint  and  spearmint.  In  each  case  the  flavoring  constituent  is  a 
volatile  oil,  but  in  deference  to  the  wishes  of  the  public  who  desire  a  spirit 
colored  like  the  drug  from  which  it  is  made,  the  pharmacopoeia  directs 
that,  after  the  oil  is  added  to  the  alcohol,  it  is  to  be  macerated  with  some 
of  the  drug  until  the  color  of  the  latter  has  been  absorbed  by  the  alcohol. 

In  the  eighth  edition  of  the  pharmacopoeia,  one  spirit — spirit  of  ammonia — was 
made  by  (foseous  solution;  while  two — whisky  and  brandy — are  prepared  by  distilla- 
tion.     Neither  of  these  products  are  recognized  in  the  present  phannacopoeia. 

Two  official  spirits  may  be  considered  as  made  by  chemical  auction — 
spirit  of  glyceryl  trinitrate  and  spirit  of  nitrous  ether.  In  one  case, 
however,  no  direction  is  given  by  the  pharmacopoeia  for  the  prepara- 
tion of  the  chemical  (glyceryl  trinitrate),  it  being  a  task  considered  too 
dangerous  for  the  ordinary  drug-store;  while  in  the  case  of  the  spirit 
of  nitrous  ether,  the  spirit  is  reaUy  made  by  dissolving  the  finished  ethyl 
nitrite  in  alcohol,  and  the  process  may,  therefore,  be  considered  as  a  case 
of  simple  solution  or  dilution.  For  this  reason  both  of  these  preparations 
are  found  in  the  chart  given  above  under  the  head  of  simple  solution  or 
dilution. 

SPECIAL  NOTES  ON  OFFICIAL  SPIRITS 

SPmiTUS  ^THEMS— Spirit  of  Ether 
(Sp.  £th. — Hoffmann's  Drops) 

Condensed  Recipe. — Dissolve  325  mils  of  ether  in  alcohol  enough  to  make  1000 
mils. 

Remarks. — This  is  made  by  the  simple  solution  of  ether  and  alcohol, 
and  is  sold  in  Germany  under  the  name  of  Hoffmann's  drops. 
Dose,— 4  mils  (1  fluidrachm). 
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SPIRITUS  ^THERIS  NITROSI— Spirit  of  Nitrous  Ether 

A  full  explanation  of  this  important  preparation,  commonly  called 
sweet  spirits  of  nitrsj  wiU  be  found  on  p.  596. 

SPIRITUS  AMMONLS  AROMATICUS— Aromatic  Spirit  of  Ammonia 

This  important  pharmaceutical  can  best  be  considered  under  the 
Ammonia  Compounds  (p.  454). 

SPIRITUS    AMYGDALJE    AMARiE— Spirit    of    Bitter    Ahnond 

(Sp.  Amygd.  Amar.) 

Condensed  Recipe. — Dissolve  10  mils  of  oil  of  bitter  almond  in  800  mils  of  alcohol 
and  add  enough  distilled  water  to  make  1000  mils. 

Remarks. — This  preparation  as  stated  above  is  not  to  be  sold  as 
"essence  of  bitter  almond"  since  it  is  made  from  an  oil  containing  hydro- 
cyanic acid  (p.  704);  hence  it  is  not  safe  to  use  indiscriminately.  Els- 
sences  or  flavoring  extracts  should,  of  course,  be  harmless  alcoholic  prepa- 
rations of  aromatic  principles  and  in  making  a  flavoring  essence  of 
almond,  an  oil  that  has  been  freed  from  hydrocyanic  acid  should  be 
employed.  Among  the  harmless  "essences"  might  be  cited  spirit  of 
peppermint,  spirit  of  spearmint  and  also  spirit  of  lemon,  U.S.P.,  1890. 
Essence  of  ginger  and  essence  of  vanilla  are  respectively  tincture  of  ginger 
and  tincture  of  vanilla.  The  spirit  of  bitter  almond,  it  might  be  worth 
noting,  contains  about  20  per  cent,  of  water. 

Dose. — 0.5  mil  (8  minims). 

SPIRITUS  ANISI— Spirit  of  Anise 

Recipe. — 100  mils  Oil  of  Anise  dissolved  in  900  mils  Alcohol.  Details  like  recipe 
for  spirit  of  ether. 

Remarks, — This  is  a  10  per  cent,  preparation  made  by  simple  solution. 
Bear  in  mind  that  the  alcohol  of  the  present  pharmacopoeia  is  equivalent 
to  the  deodorized  alcohol  (Cologne  Spirits)  of  the  pharmacopoeia  of  1890, 
and  is  devoid  of  the  unpleasant  odor  which  ordinary  alcohol  leaves  on 
evaporation.  In  the  preparation  of  essences  made  from  fine  oils  this 
grade  of  alcohol  must  be  used  instead  of  ordinary  alcohol. 

Dose. — 2  mils  (30  minims). 

SPIRITUS  AURANTH  COMPOSITUS—Compound  Spirit  of  Orange 

(Sp.  Aur.  Co.) 

Condensed  Recijye. 

Ingredients. — Oil  of  oranee,  200  mils;  oil  of  lemon,  60  mils;  oil  of  coriander,  20 
mils;  oil  of  anise,  5  mils;  alcohol,  enough  to  make  1  liter. 

Manipidation. — Mix  the  oils  with  the  alcohol.     For  details,  see  U.S.P.,  p.  406. 

Remarks. — This  preparation,  used  as  the  flavor  in  aromaiic  elixir 
(p.  205),  must  be  made  of  the  best  oils  and  alcohol  if  it  is  to  be  satisfac- 
tory. The  official  provision  as  to  storing  in  well-filled  bottles  in  a  cool, 
dark  place  is  to  prevent  the  oils  from  growing  terebinthinate. 
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SPmrrUS  CAMPHOSJE— spirit  of  Camphor 

(Sp.  Camph.) 

Condensed  Redpe, — Dissolve  100  gm.  camphor  in  800  mils  of  alcohol  and  filter, 
washing  filter  with  enough  alcohol  to  make  1  liter. 

Impuriiy. — Added  water.  Anhyckous  potassium  carbonate  not  liquefied  when 
iiiLmersed  in  the  spirit.     See  U.S.  P. 

Assay, — ^Polariscopic.     For  details,  see  U.S.P.,  p.  406  and  Part  V.  of  this  book. 

Remarks. — ^Note  that  the  recipe  of  the  pharmacopoeia  does  not 
direct  the  addition  of  water,  and  provides. a  test  for  the  presence  of  water 
as  well  as  polariscopic  assay  for  the  spirit  (Part  V).  The  addition  of 
water  is  therefore  considered  by  pure  food  officials  as  an  adulteration. 

Dose, — 1  mil  (15  minims). 

SPnOTUS  CHLOROFORMI— Spirit  of  Chloroform 

Recipe. — Made  by  dissolving  60  mils  Chloroform  in  940  mils  Alcohol.  Details 
similar  to  the  recipe  for  spirit  of  ether. 

Dose. — 2  mils  (30  minims). 

SPnUTUS  CINNAMONI— Spirit  of  Cinnamon 

iSecipe.^Made  by  dissolving  100  mils  Oil  of  Cinnamon  in  900  mils  Alcohol,  as  in 
spirit  of  ether. 


Dose. — 2  mils  (20  minims). 

SPIRrrUS   GLYCERYLIS   NITRATIS— Spirit   of   Glyceryl  Trinitrate 

This  very  important  official,  Spirit  of  Nitroglycerin,  is  fully  described 
on  p.  611.  Here  mention  must  be  made,  however,  of  the  pharnaaco- 
pceial  warning,  that  even  tasting  a  small  quantity  of  it  is  hable  to  produce 
violent  headache;  also  mention  must  be  made  that,  since  it  contains  the 
very  explosive  nitroglycerin,  great  care  must  be  taken  to  prevent  the 
spilling  of  the  spirit.  When  the  alcohol  has  evaporated,  nitroglycerin 
remains,  and  may  be  brought  to  an  explosion  by  simple  concussion.  If 
the  spirit  is  spilled  on  the  floor  or  elsewhere,  it  should  be  immediately 
treated  with  a  diluted  solution  of  soda,  which  will  break  it  up  into  the 
two  harmless  substances — glycerin  and  sodium  nitrate — and  these  can 
then  be  washed  up. 

SPIRITUS  JUNIPERI— Spirit  of  Juniper 

Recipe. — Oil  of  Juniper,  50  mils;  Alcohol,  950  mils,  dissolved  as  in  making  spirit  of 
ether. 

Dose. — 2  mils  (30  minims). 

SPIRITUS  JUNIPERI  COMPOSITUS— Compound  Spirit  of  Juniper 

(Sp.  Junip.  Co.) 

Condensed  Recipe. 

Ingredients. — Oil  of  Janiper,  8  mils,  oil  of  caraway,  1  mil;  oil  of  fennel,  1  mil;  alco- 
hol, 1400  mils;  water  enough  to  make  2000  mils. 

ManipuUdions. — Dissolve  the  oils  in  the  alcohol  and  then  add  the  water. 
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Remarks. — The  preparation  is  intended  as  a  substitute  for  gin,  which 
is  made  by  distilling  fermented  rye  and  nialt,  macerating  the  distillate 
with  juniper  berries,  and  redistilling. 

Dose, — 10  mils  (2H  fluidrachms). 


SPIRITUS  LAVANDULJE— Spirit  of  Lavender 

Recipe. — Oil  of  Lavender  Flowers,  50  mils;  Alcohol,  950  mils,  dissolved  as  in  mak- 
ing spirit  of  ether. 

Dose. — 2  mils  (30  minims). 


SPIRITUS  MENTHiE  PIPERITi&— Spirit  of  Peppermint 
(Sp.  Month.  Pip — Essence  of  Peppermint) 

Condensed  Recipe. — 

JngredienU. — Oil  of  peppermint,  100  mils;  peppermint,  10  Gm.;  alcohol  enough  to 
make  1  liter. 

Maniptdaiion. — Macerate  the  peppermint  leaves  with  water  during  one  hour  and 
then  strongly  express  them.  Dissolve  the  oil  in  alcohol,  add  the  peppermint  leaves 
and  macerate  six  hours.  After  filtration  run  through  the  filter  enough  alcohol  to  make 
1  liter.     For  details,  see  U.S. P.,  p.  409. 

Remarks, — This  is  a  10  per  cent,  preparation  of  the  oil  of  peppermint 
made  with  alcohol,  and  macerated  with  sufficient  peppermint  leaves  to 
give  it  a  green  color.    This  is  the  popular  essence  of  peppermint. 
Dose, — 2  mils  (30  minims). 


SPIRITUS  MENTHJE  VIRIDIS— Spirit  of  Spearmint 

Recipe. — Oil  of  Spearmint,  100  mils;  Spearmint  (bruised),  10  Gm.;  Alcohol,  to 
make  1000  mils.     Make  exactly  as  in  recipe  for  spirit  of  peppermint. 

Dose. — 2  mils  (30  minims). 

Spiritus  ^theris  Compositus  (U.S.?.  viii:  N.F.  iv)  is  prepared  by  mixing  325 
mils  of  ether,  650  mils  of  alcohol  and  25  mils  of  ethereal  oil.  It  is  usually  called 
Hoffman's  Anodyne  and  because  of  the  presence  of  the  expensive  ethereal  oil  (p.  597) 
is  liable  to  be  adulterated.  It  should  tnerefore  be  prepared  by  the  pharmacist  from 
an  ethereal  oil  of  known  reliability.     Dose  4  mils  (1  fluidrachm). 

Spiritus  I  Ammonitt  (U.S.P.  viii)  is  made  by  gaseous  solution  and  like  ammonia 
water  contains  10  per  cent,  of  ammonia  gas  (p.  451). 

Spiritus  Gaultherifle  (U.S.P.  viii)  is  made  by  dissolving  50  mils  of  oil  of  eaul- 
theria  in  950  mils  of  alcohol.  Commercial  essence  of  wintergreen  is  usually  made  Trom 
the  synthetic  methyl  salicylate  (p.  711). 

Spiritus  Limonis  (U.S.P.,  1890)  is  now  replaced  by  the  official  tindvre  of  lemon  peel 
(p.  22  9).  The  spirit  (essence  of  lemon)  is  prepared  by  dissolving  50  mils  of  oil  of  lemon 
in  950  mils  of  alcohol  and  then  macerating  in  the  mixture  50  Gm.  of  grated  lemon  peel, 
which  gives  the  product  a  yellow  color.  The  oil  used  should  be  me  from  terebin- 
thinate  odor  and  the  alcohol  should  be  strictly  pharmacopoeial. 

Spiritus  Phosphori  (U.S.P.,  1890)  is  a  1  per  cent,  solution  of  phosphorus,  made  with 
absolute  alcohpl  by  the  process  of  upright  condensation.  ([See  p.  101.)  This  process 
was  employed  to  save  undue  evaporation  of  alcohol,  it  being  necessary  to  digest  the 
phosphorus  in  boiling  alcohol  for  several  hours  in  order  to  dissolve  it.  When  this  proc- 
ess is  carried  on  in  an  ordinary  flask,  a  large  amount  of  alcohol  would  be  lost  by  evap- 
oration, but  if  the  upright  condenser  b  inserted  in  the  neck  of  the  flask,  the  vapor  of 
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alcohol  passing  through  the  cold  condensing  tube  is  converted  into  liquid,  and  drops 
back  into  the  Bask  from  which  it  has  just  emerged.  Spirit  of  phosphorus  was  official 
because  an  ingredient  of  the  dixir  of  phosphorus  of  the  pharmacopceia  of  1890. 


THE  SPIRITS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


English  name 
or  synonym 


Ingredients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Spiritus  setheris 
compositus. 

Spiritus  acidi 
'ormici. 


Spiritus  ammonise 
amsatus. 

Spiritus  oardamomi 
compositus. 


Spiritus  myrcia 
compositus. 

Spiritus  odoratus. 


Spiritus  sinapis. 


■Spiritus  vanillini 
compositus. 


Spiritus  formi- 
carum;  spirit  of 
ants.  ' 

Liquor  ammonie 
amsatus. 

Compound  spirit 
of  cardamom. 


Compound  spirit 
of  myroia. 

Perfumed  spirit. 


Spirit     of     mus- 
Urd. 

Compound  spirit 
of  vanillin. 


Formic  acid,  40  mils;  distilled  water, 
alcohol. 


Anethol,  30  mils;  ammonia  water; 
alcohol 

Oils  of  cardamom,  sweet  orange,  cinna- 
mon, clove  and  caraway;  anethol; 
alcohol. 

Oils  of  mvrcia,  sweet  orange  and  pi- 
men  ta;  alcohol;  water. 

Oils  of  bergamot,  lemon,  rosemary, 
lavender  and  orange  flowers;  acetic 
ether;  water;  alcohol. 

Volatile  oil  of  mustard,  2  mils;  alcohol. 

Vanillin:  oils  of  sweet  orange,  carda- 
mom and  cinnamon;  alcohol. 


See  p.  182. 


Z)o««.— 4  mils  (1 
fluidrachm). 


Doae. — 1  mil  (16 
minims). 

Flavoring     used     in 
making  elixirs. 


A  well-perfumed  form 
of  bay  rum. 

An  agreeable  form  of 
cologne  waUr. 


Used     in      flavoring 
elixirs. 


DOSES  OF  SPIRITS 

0 .05  mils  (1  minim) Spirit  of  glyceryl  trinitrate. 

0.5  mil  (8  minims Spirit  of  bitter  almond. 

1 .0  mils  (15  minims) Spirit  of  camphor. 

2.0  mils  (30  minims) Spirits  of  nitrous  ether,  ammonia  aromatic,  anise, 

chloroform,  cinnamon,  juniper,  lavender,  pep- 
permint, and  spearmint. 

4  mils  (1  fluidrachm) Spirits  of  ether. 

10  mils  (2^  fluidrachms) Spirit  of  juniper  compound. 
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CHAPTER  XII 
SOLUTIONS,  MUCILAGES,  SYRUPS,  AND  HONEYS 

SOLUTIONS 

Solutions  constitute  that  class  of  pharmaceuticals  defined  as  "aque- 
ous solutions  of  novrvolatile  bodies.^'  This  definition  is  redundant,  inas- 
much as  wie  say  that  a  ''solution"  (the  class  of  pharmaceuticals)  is  a 
"solution"  (that  is,  a  product  of  the  physical  phenomenon  called  solu- 
tion, which  has  been  discussed  on  p.  118).  In  other  words,  the  student 
at  the  outset  should  get  a  clear  idea  of  the  three  meanings  of  the  word 
"solution."  First,  the  physical  phenomenon  of  molecular  subdivision 
resulting  in  a  homogeneous  fluid;  second,  the  physical  group  of  solutions, 
those  homogeneous  fluids  produced  by  molecular  subdivision,  and  includ- 
ing such  pharmaceuticals  as  waters,  spirits,  glycerites,  tinctures,  etc; 
and,  third,  the  narrow  pharmaceutic  "solution,"  which  includes  only 
that  class  of  physical  solutions  which  have  water  as  the  solvent  and  a 
non-volatile  body  as  dissolved  substance. 

A  pharmacopoeial  solution  is  an  aqueous  preparation,  free  from  sugar 
(exception.  Solution  of  Magnesium  Citrate),  made  by  the  ordinary  proc- 
ess of  solution.  Some  writers  divide  this  class  into  simple  and  chemical 
solutions,  while  others  oppose  such  a  distinction,  claiming  there  is  no 
real  difference  in  the  liquefaction  occurring  in,  say,  solution  of  arsenous 
acid  and  in  solution  of  ferric  acetate.  The  latter  class  of  writers  claim 
that  the  chemical  combination  occurring  in  the  formation  of  a  so-called 
"chemical  solution"  has  nothing  to  do  with  the  act  of  solution,  the  chem- 
ical reaction  first  occurring,  then  being  followed  by  the  solution  of  the 
newly  formed  substance  or  of  the  ions  of  which  it  is  composed.  (See 
p.  119.)  There  is  much  truth  in  the  argument  that  the  arsenous  acid 
in  the  first  solution  cited  above  is  produced  by  chemical  reaction,  as 
much  as  is  the  ferric  acetate  in  the  other  preparation;  that  the  fact 
whether  the  substance  is  dissolved  at  the  moment  of  formation  or  after 
some  time  has  elapsed  makes  little  difference. 

In  this  book  we  will  divide  solutions  into  galenic  preparations  (simple 
solutions)  and  into  chemical  preparations  (chemical  solutions),  for  the 
same  reason  that  we  group  all  pharmaceuticals  into  the  two  classes;  that 
in  Part  II.  we  will  discuss  only  these  preparations  made  without  chemical 
action,  leaving  those  in  which  a  chemical  action  occurs  for  consideration 
in  Part  III. 

The  manufacture  of  solutions  is  simple  or  complex,  according  as  the 
preparation  is  a  galenic  or  a  chemical.  Galenic  solutions  are  prepared  by 
simply  dissolving  the  substance  in  an  appropriate  quantity  of  water  in 
either  a  flask  or  a  bottle,  and  dissolving  by  agitation,  or  by  first  reducing 
the  substance  to  a  fine  powder  by  trituration  in  a  mortar,  and  gradually 
adding  water  to  the  substance  in  the  mortar. 

The  preparation  of  the  so-called  "simple  solutions"  is  an  easy  matter 
— so  easy  that  the  average  druggist  is  grossly  careless  with  them.  They 
should  be  elegant  preparations;  hence  the  careful  pharmacist  is  generous 
with  his  filter-paper,  having  all  his  solutions  (save  possibly  lead  water) 
as  clear  as  crystal.  This  applies  to  all  solutions,  and  especially  to  extem- 
poraneous prescriptions.  Have  all  preparations,  intended  to  be  clear, 
fairly  sparkling,  for  the  only  method  possessed  by  the  public  of  judging 
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the  skill  of  the  pharmacist  is  the  appearance  of  his  preparations  and  the 
neatness  of  his  packages. 

The  chemical  solution,  on  the  other  hand,  usually  requires  a  high 
degree  of  skill  in  its  manufacture,  and  the  description  of  this  class  had 
best  be  left  until  we  consider  the  substance  from  the  chemical  aspect  in 
Part  III.  The  following  table  gives  a  list  of  officials  arranged  as  galenic 
or  chemical: 


TABLE  OF  OFFiaAL  SOLUTIONS 


ManuSadtwre, 

These  galenics  are 
made  by  simple 
solution. 


This  galenic  is  made 
by  simple  solution 
and  sterilisation. 

This  galenic  is  made 
by  decoction  and 
sterilisation. 


Galenic  Preparations. 

Solution  of  arsenous  acid. 

Solution    of    arsenous    and 
mercuric  iodide. 

Solution  of  formaldehyde. 

Solution  of  iodine,  compound. 

Solution  of  lead  subacetate, 
diluted. 

Solution  of  potassium  hydrox- 
ide. 

Solution  of  sodium  arsenate. 

Solution  of  sodium  hydroxide. 

Physiological  solution  of  sod- 
iimi  chloride. 

Solution  of  hypophysis. 


Chemical  Preparaiiona. 

Solution  of  ammonium  ace- 
tate. 

Solution  of  calcium  hydrox- 
ide. 

Solution  of  creosol,  com- 
pound. 

Solution  of  ferric  chloride. 

Solution  of  ferric  subsulphate. 

Solution  of  ferric  sulphate. 

Solution  of  hydrogen  dioxide. 

Solution  of  iron  and  ammo- 
nium acetate. 

Solution  of  lead  subacetate. 

Solution  of  magnesium  citrate. 

Solution  of  potassium  arsenite. 

Solution  of  potassium  citrate. 

Solution  of  chlorinated  soda. 

Solution  of  sodium  glycero- 
phosphate. 

Solution  of  zinc  chloride. 


SPECIAL  NOTES  ON  OFFICIAL  SOLUTIONS 

LIQUOR  ACIDI ARSENOSI— Solution  of  Arsenous  Acid 

(Liq.  Add.  Arsen. — Hydrochloric  Solution  of  Arsenic.     "Solution  of 

Arsenic  Chloride") 

An  aqueous  solution,  containing  arsenous  acid  equivalent  to  not  less  than  0.975 
per  cent,  nor  more  than  1.025  per  cent,  of  As20i  (197.92). 
Condensed  Recipe, 

Inffredienis, — Arsenic  trioxide,  10  Gm. ;  diluted  hydrochloric  acid,  50  Gm.;  distilled 
water,  enough  to  make  1  liter. 

AianipuEitwn, — Dissolve  the  acid  in  250  Gm.  water;  boil  the  arsenic  trioxide  therein 
until  it  is  dissolved.    After  cooling,  add  enough  water  to  make  1  liter. 

Remarks. — ^This  is  a  1  per  cent,  solution  of  arsenous  acid  in  water, 
containing  5  per  cent,  of  diluted  hydrochloric  acid.  The  preparation 
was  formerly  called  soliUion  of  arsenic  chloridey  it  being  supposed  that  the 
hydrochloric  acid  combined  with  the  arsenous  acid  with  the  formation 
of  the  chloride.  This  view  is  not  generally  held,  however,  at  the  present 
tune,  the  function  of  the  hydrochloric  acid  being  supposed  as  merely 
rendering  the  arsenous  acid  more  soluble. 

Dose, — 0.2  mil  (3  minims). 


LIQUOR  AMMONn  ACETATIS— Solution  of  Ammonium  Acetate 

This  useful  preparation,  known  as  Spirit  of  Mindererus,  will  be  dis- 
cussed on  p.  452. 
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LIQUOR  ARSENI  ET  HTDRARGTRI  lODIDI— Solution  of  Arsenous 

and  Mercuric  Iodide 

(Liq.  AfsetL  et  Hydrarg.  lod. — Donovan's  Solution) 

An  aqueous  solution  containing  not  less  than  0.95  per  cent,  nor  more  than  1.05  per 
cent,  of  Asli  (455.72)  and  not  less  than  0.95  per  cent,  nor  more  than  1.05  per  cent,  of 
Hgia  (454.44). 
Condensed  Becipe. 

Inaredients. — Arsenous  and  mercuric  iodides,  of  each  10  Gm.;  distilled  water, 
enoush  to  make  1  liter. 

Manipulatum. — Triturate  the  iodides  with  150  mils  of  water  until  they  axe  dii- 
solved.  I^ilter  and  wash  filter  with  enough  water  to  make  1  liter.  For  details,  see 
U.S.?.,  p.  238. 

Remarks, — This  preparation  has  as  its  synonym  Donovan's  Solutianf 
and  contains  1  per  cent,  of  arsenous  iodide  and  1  per  cent,  of  mercuric 
iodide  dissolved  in  water.  The  pharmacopceia  directs  that  Donovan's 
solution  should  be  not  more  than  a  pale  yellow  color;  but  on  standing 
this  solution  becomes  red,  and  such  red  solutions  should  not  be  dispensed, 
as  it  is  supposed  to  contain  traces  of  free  iodine.  This  may  be  pjcevented 
by  placing  a  globule  of  mercury  in  the  container  holding  the  solution 
and  by  f oUowing  the  pharmacopceial  direction  to  store  in  well-filled  amber 
bottles. 

LIQUOR  CALCIS— Solution  of  Calcium  Hydroxide 

This  well-known  preparation,  commonly  called  Lime  Water,  will  be 
considered  among  the  other  preparations  of  calcium  (p.  468).  In  the 
present  system  of  grouping  pharmaceuticals  the  old  Latin  name  Aqua 
Calcis  is  a  misnomer,  since  its  active  constituent,  calcium  hydroxide,  is 
a  non-volatile  solid,  while  official  waters  are  solutions  of  volatile  bodies. 

LIQUOR  CRESOLIS  COMPOSITUS— Compound  Solution  of  Cresol 

This  new  official,  similar  to  but  not  identical  with  the  patent  prepara- 
tions, creolin  and  lysol,  will  be  discussed  among  the  cresol  derivatives 
(p.  701). 

LIQUOR  FERRI  CHLORIDI— Solution  .of  Ferric  Chloride 

LIQUOR  FERRI  ET  AMMONn  ACETATIS— Solution  of  Iron  and 

Ammonium  Acetate 

LIQUOR  FERRI  SUBSULPHATIS— Solution  of  Ferric  Subsulphate 

LIQUOR  FERRI  SULPHATIS— Solution  of  Ferric  Sulphate 

These  four  chemical  solutions  of  iron  will  be  discussed  in  the  chapter 
devoted  to  that  element  (Chapter  XXXI). 

LIQUOR  FORMALDEHYDI— Solution  of  Formaldehyde 

This  37  per  cent,  solution  of  the  gas  formaldehyde,  sometimes  called 
Formalin,  will  be  discussed  under  Formaldehyde  (p.  686). 

LIQUOR  HYDROGENn  DIOXIDI— Solution  of  Hydrogen  Dioxide 
This  largely  used  3  per  cent,  solution  of  hydrogen  dioxide  is  discussed 
at  length  on  p.  370. 
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LIQUOR  HYPOPHYSIS— Solution  of  Hypophysis 

.This  new  official  solution  will  be  discussed  under  the  animal  products 
in  Chapter  LI. 

LIQUOR  lODI  COMPOSITUS— Compound  Solution  of  Iodine 

(Liq.  lodi  Co. — ^Lugol's  Solution) 

An  aqueous  solution  containing  not  less  than  4.8  per  cent,  nor  more  than  6.2  per 
cent,  of  I  and  not  less  than  9.8  per  cent,  nor  more  than  10.2  per  cent,  of  KL    Preserve 
the  solution  in  glassHstoppered  bottles,  protected  from  light. 
Condensed  Recipe. 

Dissolve  5  Gm.  iodine  and  10  Gm.  potassium  iodide  in  enough  distilled  water  to 
make  100  mils. 

Description. — Transparent  brown  liquid. 

Test  for  Identity. — Blues  starch  paste.  For  details  see  U.S.P.,  p.  248,  and  Part  V 
of  this  book. 

Assay. — See  U.S.P.  and  Part  V  of  this  book. 

Remarks. — The  synonym  of  this  compound  is  LugoVs  soliUionj  which 
should  not  be  confounded  with  DobeU'a  solution  (p.  191),  as  it  was  in  one 
case  when  a  pharmacist  translated  the  poor  writing  of  a  physician  calling 
for  Dobell's  solution  into  Lugol's  solution,  which  was  accordingly  sprayed 
into  the  throat,  with  exceedingly  irritating  results. 

Compound  solution  of  iodine  contains  5  per  cent,  of  iodine  dissolved 
in  water  by  means  of  10  per  cent,  of  potassium  iodide.  This  proves  the 
interesting  fact  that  while  iodine  scarcely  dissolves  in  water,  it  is  freely 
soluble  in  solution  of  potassium  iodide. 

Dose. — 0.2  mil  (3  minims)., 

LIQUOR  MAGNESn  CITRATIS— Solution  of  Magnesium  Citrate 

This  popular  and  valuable  official,  sometimes  called  "Purgative 
Lemonade,"  will  be  discussed  on  p.  463. 

LIQUOR  PLUMBI  SUBACETATIS— Solution  of  Lead  Subacetate 
Discussed  on  p.  547. 

LIQUOR  PLUMBI  SUBACETATIS  DILUTUS— Diluted  Solution  of 

Lead  Subacetate 

(Liq.  Plumb.  Subacet.  Dil. — Lead  Water) 

Condensed  Recipe. 

Mix  40  Gm.  solution  of  lead  subacetate  with  enough  previously  boiled  distilled 
water  to  make  1  Utef . 

'Remarks. — This  official  is  called  lead  water,  and  contains  but  4  parts 
of  solution  of  lead  subacetate  to  100  parts  finished  solution;  hence  it  is 
much  weaker.  The  pharmacopoeia  provides  that  the  solution  of  lead 
subacetate  be  diluted  with  distilled  water  which  has  been  previously 
boiled  and  cooled.  The  boiling  in  this  case  is  to  rid  the  water  of  its  dis- 
solved carbonic  acid,  for  if  the  unboiled  water  is  brought  into  contact 
with  the  solution  of  lead  subacetate,  a  precipitation  of  lead  carbonate 
occurs,  with  corresponding  loss  in  the  lead  strength  of  the  official  prepara- 
tion. In  order  to  prevent  the  formation  of  this  lead  carbonate  in  the 
official  product  the  pharmacopoeia  directs  that  the  solution  be  kept  in 
well-filled  tightly-stoppered,  bottles.  Lead  water  is  best  dispensed  opal- 
escent, to  avoid  the  danger  of  confusing  this  poisonous  preparation  with 
the  harmless  "lime  water." 
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Medical  Properties. — Used  exclusively  externally  as  a  soothing  wash 
in  frost-bite,  ivy-poisoning,  etc.  Hence  no  dose  is  given  by  the  pharma- 
copoeia. 

LIQUOR  POTASSn  ARSENITIS— Solution  of  Potassium  Arsenite 

LIQUOR  POTASSn  CITRATIS— Solution  of  Potassium  Citrate 

LIQUOR  POTASSII  HYDROXIDI— Solution  of  Potassium 

Hydroxide 

Can  best  be  studied  among  the  derivatives  of  potassium  (Chapter 

XXV.). 

LIQUOR     SODiE      CHLORINATi&— Solution  of  Chlorinated  Soda 
See  p.  376. 

LIQUOR  SODn  ARSENATIS— Solution  of  Sodium  Arsenate 

(Liq.  Sod.  Arsen.) 

An  aqueoufl  solution  containing  not  less  than  0.975  per  cent,  nor  more  than  1 .025 
per  cent,  of  NaiHAsOf  (185.97). 
Condensed  Recipe, 

Dissolve  1  Gm.  exsiccated  sodium  arsenate  in  enough  water  to  make  100  mils. 

Remarks. — This  is  a  1  per  cent,  solution  of  sodium  arsenate  in  water. 
The  sodium  arsenate  must,  however,  be  previously  deprived  of  its  water  of 
crystallization;  that  is,  it  must  be  the  exsiccated  sodium  arsenate  of  the 
present  pharmacopoeia.  This  preparation  is  one  of  the  four  arsenical 
solutions  directed  by  the  pharmacopoeia,  the  others  being  solution  of  ar- 
senous  acid,  solution  of  arsenous  and  mercuric  iodides,  and  solution  of 
potassium  arsenite,  the  latter  being  considered  among  the  chemical 
solutions. 

It  is  well  to  bear  in  mind  the  strength  of  these  four  arsenical  solutions, 
noting  that  while  all  of  them  are  1  per  cent.,  it  does  not  mean  that  each 
contains  1  per  cent,  of  arsenic  trioxide,  U.S.P.  Two  of  these,  solution 
of  arsenous  acid  and  solution  of  potassium  arsenite,  contain  1  per  cent, 
of  arsenic  trioxide;  solution  of  arsenic  and  mercmic  iodide  contains  1  per 
cent,  of  arsenic  iodide,  while  in  solution  of  sodium  arsenate  the  arsenical 
compound  is  sodium  arsenate. 

Dose. — 0.2  mil  (3  minims). 

LIQUOR  SODH  CHLORIDI  PHYSIOLOGICUS— Physiological  Solu- 
tion of  Soditun  Chloride 

(Liq.   Sod.   Chlor.   Physio. — Physiological   Salt  Solution.   Normal  Salt 

Solution) 

Condensed  Recipe. 

Dissolve  8.5  Gm.  sodium  chloride  in  distilled  water  enough  to  make  1  liter  and 
then  sterilize.    For  details,  see  U.S.P.,  p.  254. 

Remarks. — This  new  official  preparation  is  furnished  in  response  to  a 
demand  for  a  normal  saline  sohdion  (p.  435) .  Note  that  the  product  must 
be  dispensed  in  sterile  condition  (p.  124)  and  must  not  be  used  when  more 
than  forty-eight  hours  old. 

LIQUOR  SODn  GLYCEROPHOSPHATIS— Solution  of  Sodium 
Glycerophosphate. — This  galenic  can  best  be  discussed  under  Sodium 
Glycerophosphate  (p.  437). 
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LIQUOR  SODU  HYDROXIDI— Solution  of  Sodium  Hydroxide 

While  this  preparation,  commonly  called  soliUion  of  soda,  is  directed 
by  the  present  pharmacopoeia  to  be  made  by  simple  solution  of  sodium 
hydroxide  in  water,  former  pharmacopoeias  directed  its  manufacture  by 
chemical  action.  Since  the  chemistry  of  this  solution  is  most  interesting, 
discussion  will  be  deferred  until  we  can  take  up  the  chemical  side  (p.  427). 

The  same  treatment  applies  with  equal  force  to  solution  of  potassium 
hydroxide. 


LIQUOR  ZmCI  CHLORIDI— Solution  of  Zinc  Chloride 
See  p.  482. 

THE  DOSES  OF  OFFICIAL  SOLUTIONS 

0.1  mil  (1}^  minims) Solutions  of  arsenous  and  mercuric  iodide  and  of 

ferric  chloride. 

0 . 2  mil  (3  minims) Solutions   of   arsenous   acid,   ferric   subsulphate, 

iodine  compound,  potassium  arsenite,  and  so- 
dium arsenate. 

0 .  35  mil  (6  minims) Solution  of  sodium  glycerophosphate. 

1  mil  (15  minims) Solutions  of  hvpophysiSi  potassium  hydroxide,  and 

sodium  hydroxide. 

4  mils  (1  fluidrachm).. Solution  of  hydrogen  dioxide. 

15  mils  (4  fluidrachms) Solutions  of  ammonium  acetate,  calcium  hydrox- 
ide, iron  and  ammonium  acetate,  and  potas- 
sium citrate. 

350  mils  (12  fluidounces) Solution  of  magnesium  citrate. 

No  doses  are  assigned  the  official  solutions  not  mentioned  in  the  above 
list. 

Lifuor  AnUsepticos  (U.S.P.  VIII)  was  a  hydro-alcoholic  solution  of  boric  and 
benzoic  acids  combined  with  the  more  or  less  antiseptic  aromatic  substances,  thymol, 
eucalyptol  and  oils  of  peppermint,  gaultheria  and  thyme.  It  is  important  to  note  that 
the  anliseptic  soliUion  of  the  National  Formulary  differs  considerably  from  the  former 
U.S.P.  recipe  (see  below).  These  preparations  are  similar  to  the  many  antiseptic 
solutions  exploited  under  trade  names  and  if  properly  prepared  they  are  highly  agree- 
able products.  For  satisfactory  results,  however;  it  is  essential  that  the  volatile  ous  be 
of  the  finest  quality. 

THE  SOLUTIONS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


English  name 
or  synonym 


Ingredients 
(Ogures  show  amount  used  in  1000  mils) 


Remarks 


Liquor  alumini 
acetatis. 

Liquor  alumini 
acetieo-tartratis. 


Liquid  alumini 
sub-aoetatia 


Liquor  ammonii 
citratia. 


Burow's  solution. 


Solution  of  alu- 
minum aoetico- 
tartrate. 

Solution  of  alumi- 
num acetate. 


Solution    of    am- 
monium citrate. 


Liquor  antisepticus.  Antiseptic      solu- 
tion. 


Liquor  antisepticus 
aUcalinua 


Alkaline    antisep- 
tic solution. 


Lead     acetate;     aluminum     sulphate; 
water. 

Alum :  monohydratedsodium  carbonate; 
glacial  acetic  acid;  tartaric  acid;  water. 


Aluminum  sulphate;  acetic  acid,  pre- 
cipitated calcium  carbonate;  water. 


Citric  acid;  ammonia  water;  distilled 
water. 

Boric  acid,  25  Gm. ;  thymol:  eucalyptol; 
methyl  salicylate;  oil  of  thyme;  men- 
thol; sodium  salicylate,  1.2  Qm.;  so- 
dium benzoate,  6  Gm.;  alcohol;  water. 
Purified  talc  as  clarifier. 

Potassium  bicarbonate,  32  Gm.;  sodium 
bensoate,  8  Gm.;  sodium  borate,  32 
Gm.;  thymol,  eucalyptol;  oil  of  pep- 
permint; methyl  salicylate;  alcohol; 
glycerin;  water.  Cudbear  as  color 
and  magnesium  carbonate  as  clarifier. 


See  p.  494. 


See  p.  494. 


Largely  used  by  Ger- 
man practitioners 
(p.  494.) 

See  p.  456. 


See  above.  Doae. — 
4  mils  (1  flui- 
drachm). 


An  agreeable  product 

similar  to  the  manv 

proprietary      ptod- 

ucts    now    on    the 

market. 
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THE  SOLUTIONS  OF  THE  NATIONAL  FORBIULAR7— (Continued) 


Latin  name 


English  name 
or  synonym 


Ingredients 
(figures  show  amouat  used  in  1000  mils) 


Remarks 


Liquor      ar^enicalis 
Clemens. 


Liquor  auri  et  arseni 
bromidi. 


Liquor  bismuthi. 


Liquor  bromi. 


Liauor    calcis    ral- 
pnuratK. 

Liquor  carmini. 

Liquor  ohiori  com- 
poaitus. 

Liquor  coccineus. 


Liquor  ferri  acetatis. 


Liquor  ferri  albu- 
minati. 


Liquor  ferri  dtratis. 


Liquor   ferri   hypo- 
pnosphitis. 

Liquor  ferri  nitratis. 


Liquor  ferri  oxy- 
cnloridi. 


Liquor  ferri  ozsrsul- 
pnatis. 


Liquor  ferri  pep- 
tonati. 

Liquor  ferri  pep- 
tonati  oum  man> 
gano. 

Liquor  ferri  proto- 
obloridi. 


Liquor  ferri  salicy- 
latis. 


Liquor  gutta- 
perohK. 


Liquor  hydrargyri 
et    potassii  iodidi. 


Liquor  hydrargyri 
nitratis. 


Clemen's  solu- 
tion. 

Solution  of  gold 
and  arsenic  bro- 
mide. 

Solution  of  bis- 
muth. 

Smith's  solution 
of  bromine. 


*Vleminckz*  solu- 
tion. 

Solution   of   car- 
mine. 

Compound  solu- 
tion of  chlorine. 

Cochineal  color. 


Solution  of  ferric 
acetate. 

Solution  of  albu- 
minate of  iron. 


Solution  of  ferric 
citrate. 


Solution  of  ferric 
hsrpophosphite. 

Solution  of  ferric 
nitrate. 


Solution  of  ferric 
ozychloride. 


Solution  of  ferric 
oxysulphate. 


Arsenic   trioxide,    10  gm;    potassium 
bicarbonate;  bromine;  water. 


Arsenic  trioxide,  2.5  Gm.;  bromauric 
acid,  3.25  Gm.;  bromine  water;  di»* 
tilled  water. 

Glycerite  of  bismuth,  125  mils;  alco- 
hol; distilled  water. 

Bromine,  8.3  mils;  potaanum  bromide, 
12.5  Gm.;  water. 


Ltme«  165  Gm.;  sublimed  sulphur,  250 
Gm.;  water. 

Carmine,  65  Gm.;  ammonia  water; 
glycerin;  water. 

Potassium  chlorate;  hydrochloric  acid; 
distilled  water.  « 

Cochineal,  65  Gm.;  potassium  carbon- 
ate; alum;  potassium  bitartrate;  gly- 
cerin; alcohol;  water. 

Solution  of  ferric  sulphate;  glacial  ace- 
tic acid;  ammonia  water;  water. 

Fresh  egg  albumin,  60  Gm.;  solution  of 
ferric  oxychloride,  130  Gm.;  sodium 
citrate;  aromatic  elixir:  alcohol;  dis- 
tilled water. 

Solution  of  ferric  sulphate;  citric  add; 
water.  Ammonia  water  used  as  a  pre- 
cipitant. 

Ferric  hypophosphite,  165  Gm.;  potas- 
sium citrate,  glycerin;  water. 

Sofution  of  ferric  sulphate:  nitric  add; 
water.  Ammonia  water  used  as  pre- 
cipitant. 

Solution  of  ferric  chloride,  300  mils: 
hydrochloric  acid;  glycerin;  distilled 
water.  Ammonia  water  used  as  pre- 
cipitant. 

Ferrous  sulphate,  165  Gm.;  nitric  add 
(as  ozidiser);  distilled  water. 


Solution    of    fer- 
rous chloride. 


Solution  of  ferric 
salicylate. 


Solution  of  gutta^ 
pcrcha. 


Channing's  solu- 
tion. 


Iron  wire,  160  Gm.;  hydrochloric  acid. 
625  Gm.;  glycerin,  diluted  hypophos- 
phorous  acid;  distilled  water. 

Sodium  salicylate,  125  Gm.;  tincture  of 
ferric  dtrochloride,  125  mils;  ammo- 
nium carbonate;  citric  acid;  methyl 
salicylate:  glycerin;  distilled  water. 

Gutta-percha  15  Gm.;  chloroform. 
Lead  carbonate  as  clarifier. 


Red  mercuric  iodide,  2.5  Gm.;  potas- 
sium iodide.  2  Gm.;  distilled  water. 


Described  on  p.  527. 
Dote. — 0^     mil     (3 
minims). 

Do—. — 0.2      mil      (8 
minims). 


Z)o««.— 4  mils  (I  flui- 
drachm). 

Mix  carefully  to  a- 
void  irritating  effect 
of  bromine  (p.  377). 

See  p.  381. 


Valuable  coloring 
agent. 

Dote. — 4  mils  (1  floi- 
drachm). 

Another  valuable  col- 
oring agent. 


DMe.~0.d    mils     (5 
minims). 

DoM. — 8  mils  (2  flui- 
draehms). 


Do9€. — 0.0    mil     (10 
minims). 


Do9B. — 1  mil  (15  min- 
ims). 


Dote. — 0.3      mil 

minims). 
See  p.  517. 


(5 


Dote. — 2     mila     (80 
minims). 


This  and  the    other 
inorganic  iron  prepa- 
rations     are     dis- 
cussed   in    Chapter 
XXXI. 

These  two  prepa- 
rations as  well  as 
solution  of  albumin- 
ate of  iron  are  dis- 
cussed in  Chapter 
LL 

Dote. — 0.6  mil  (10 
minims). 


Dote. — 8  mils  (2  fiui- 
drachms). 


Used  like  collodion 
as  a  protective  for 
wounds. 


Do«e.— 0.2      mil 
minima). 


See  p.  560. 
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THE  SOLUTIONS  OF  THE  NATIONAL  FORMULARY— (ConltniMKf) 


Latin  name 


English  name 
or  s3moii3rm 


Ingredients 
(figures  show  amount  uaed  in  1000  mils) 


Remarks 


iqacr  hprdrastins       Colorless  hydras- 
eompositus.  tine  solution. 


JoQcr  hypoph 
poitum. 


Solution  of  hypo- 
phosphites. 


iqtior  hjrpophos-      |  Compound  solu- 
pbitum  composltus. '    tion     of     hsrpK}- 

.    phosphites. 


Liquor  iodi  pheno- 
latus 


liquor  magnesii 
Bulphatis  efFervc 
ceni. 


Boulton's     solu- 
tion. 


EfTervesoent  sol- 
ution of  magne- 
sium sulphate. 


Liquor  pancreatini.   \  Solution  of  pan- 

creatin. 


laqanr  pepsini. 


Liquor  pepsini  anti- 

*«'Pticu8. 


Liquor  pepsini 
:iromaticus. 


Solution  of  pep- 
sin. 


Antiseptic     solu- 
tion of  i>epein. 


Aromatic      solu- 
!    tion  of  pepsin. 


Uquor  phosphatum    Solution  of  acid 
aeidoB.  I    phosphate. 


liquor  phosphatum 
compositus. 


Liquor  phosphori. 


Liquor   picjs    alka- 

Uqqb. 

Liquor    pieis     ear- 
bonii. 

Liquor  potaarii 
chloriDatc. 

liquor  lode  et 
menthc. 

liquor  Mdii  arsena- 

ti«.  Pearson. 


liquor  aodii  boratis 


Compound  solu 
tion     of     ph 
phatea. 


Thompson's  solu- 
tion of  phos- 
phorus. 

Alkaline  solution 
of  tar. 

Coal  tar  solution. 


Javelle  water. 

Soda  mint. 

Pearson's      solu- 
tion. 


Dobell's  solution. 


Hvdrastine  hydrochloride,  3  Gm.;  the 
chlorides  of  aluminum,  calcium,  mag- 
nesium and  potassium:  glycerin;  dis- 
tilled water. 

The  hypophoephites  of  calcium  (35 
Gm.)  sodium  C20  Gm.)  and  potassium 
'17.5  Gm.);  nypophosphorous  acid; 
distilled  water. 


The  hsrpophosphites  of  calcium  (8.5 
Gm.),  potassium  (8.5  Gm.),  sodium 
(2.2  Gm.),  iron  (4.4  Gm.),  manganese 
(2.2  Gm.)  and  quinine  (2.2  Gm.;); 
strychnine  (0.065  Gm.;  potassium  ci- 
trate; hypophoephorous  acid;  orange 
flower  water;  glycerin;  distilled  water. 


Dms.— 4  mils  (I  flui- 
drachm). 


i>o««.— 4  mils  (1  flui- 
draohm). 


DoBe.^-4  mils  (1  flui- 
drachm). 


(impound  solution  of  iodine,  15  mils; 
liquefied  phenol,  6  mils;  ^ycerin; 
water. 

Magnesium  sulphate,  25  Gm.;  citric 
acid,  syrup  of  citric  acid,  potassium  bi- 
carbonate; distilled  water  enough  to 
make  350  mils. 

PancreaUn,  17.5  Gm.;  sodium  bicar- 
bonate, 50  Gm.;  glycerin,  compound 
spirit  of  cardamon;  alcohol;  sodium 
chloride;  chloroform,  2  mils;  (fistilled 
water.  Magnesium  carbonate  as  elari- 
fier. 

Glycerite  of  i>epsin,   50  mils;   hydro-  , 
chloric  acid,    10  mils;  glycerin;    dis- 
tilled water. 

Pepsin;  menthol;  euoalyptpl;  methyl 

salicylate;  alcohol;   glycerin;  diluted 

hydrochloric    acid;    distilled  water. 
Purified  talc  as  darifier. 

Pepsin,  17.5  Gm.;  oils  of  cinnamon,  pi- 
menta  and  clove;  hydrochloric  acid; 
alcohol:  glycerin;  distilled  water. 
Purified  talc  as  a  darifier. 

Precipitated  calcium  carbonate;  mag- 
nesium carbonate;  phosphoric  add; 
distilled  water. 

Precipitated  ealdum  carbonate;  phoe- 

g hates  of  iron  and  ammonium;  bicar- 
onates  of  potassium  and  sodium; 
citric  and  phosphoric  acids;  glycerin; 
t>range  flower  water;  distilled  water. 

Phosphorus,  0.07  Gm.;  dehydrated  al- 
cohol; spirit  of  peppermint;  glycerin. 


Tar,   250   Gm.;   potassium   hydroxide 
125  Gm.;  water. 

Coal  tar  200  gm.;  guillaja;  alcohol. 


Potassium  carbonate;  chlorinated  lime*; 
water. 

Sodium  bicarbonate:  aromatic  spirit  of 
ammonia;  spearmint  water. 

Exsiccated  sodium  arsenate  0.1  Gm.; 
distilled  water. 


See  p.  089. 


A  "charged"  solu- 
tion of  magnesium 
sulphate.  See  p. 
46d. 

Doae.^-4  mils  (1  flui- 
drachm). 


Dote. — 8  mils  (2  flui- 
drachms). 


The  uses  of  these 
three  pepsin  solu- 
tions are  discussed 
in  Chapter  II. 

DoMe. — 8  mils  (2  flui- 
drachms). 


Do««.— 4  mils  (1  flui- 
drachm) . 


See  p.  405. 


Sodium   borate;  sodium    bicarbonate; 
liquefied  phenol;  glycerin;  water. 


DoMe.—O.Q     mil     (10 

minims). 


Used  considerably  by 
dermatologists. 

Another   dematolog- 
ical  preparation. 

See  p.  376. 


Dose. — 8  mils  (2  flni- 
drachms). 

Only    one-tenth    the 

strength  of  the  U. 

S.  P.  solution  of  sod- 

ium  arsenate. 
Dose. — 2     mils     (30 

minims). 

Used     aa     a     nasal 
douche. 


192 


PRINCIPLES   OF   PHARMACY 


THE  SOLUTIONS  OF  THE  NATIONAL  FORMULARY— (Conftnued) 


Latin  name 


ETngli^  name 
or  synonym 


Ingredients 
(Sgures  show  amount  used  in  1000  mils) 


Remarks 


Liquor  sodii  citratis. 


Liquor   sodii   citro- 
tartratis  efiferves- 
cens. 

Liquor   sodii    phos- 
phatis  com  posit  us. 

Liquor    strychninsB 
acetatis. 


Li(;[uor  sinci  et  alu- 
mini  compositus. 


Liquor  xinci  et  ferri 
compositus. 


Potio  Rlvierii. 


Effervescent  sol- 
ution of  sodium 
citro-tartrate. 


Hall's  solution  of 
strychnine. 


Compound  solu- 
tion of  sine  and 
aluminum. 


Deodorant   solu- 
tion. 


Citric  acid;  sodium  bicarbonate;  di»* 
tilled  water. 


Sodium  bicarbonate,  tartaric  and  citric 
acids;  ssrrup  of  citric  acid;  distilled 
water. 


Strychnine,  0.178  Gm.;  diluted  acetic 
acid;  alcohol:  compound  tincture  of 
cardamom:  distilled  water. 

Zinc    sulphate;    aluminum    sulphate; 
betanaphthol;  oil  of  thyme;  water. 


The  sulphates  of  sine,  copper  and  iron; 
betanaphthol:  oil  of  thyme;  hypo- 
phosphorous  acid;  water. 


DoMe. — 8  mils  (2  flui- 
drachms).  See  p. 
418. 

Another  effervescent 
purgative,  dispens- 
ed in  a  strong  bottle. 

See  p.  440. 


Dose. — 0.6    mil     (10 
minims). 


An  antiseptic  aolu- 
tion  used  for  gen- 
eral purposes  of  dis- 
infection. 

An  attractive  blue- 
green  solution  used 
as  a  disinfectant. 


COLLYRIA 

These  are  special  types  of  solutions  recognized  in  some  of  the  European  pharma- 
copoeias intenaed  for  use  as  eye  washes.  A  typical  illustration  is  collyrium  adstring- 
ens  luteum  of  the  Austrian  pharmacopoeia,  a  translation  of  which  is  as  follows : 

Ammonia  chloride,      0 .  50 

Zinc  sulpate,  1 .  25 

Distilled  water,       200 .  QO 

Camphor.  0.4 

Diluted  alcohol,        20 . 0 

Saffron,  0.1 

Digest  twenty-four  hours;  then  filter. 


Fig.  174. — Dropping  flask  for  collyria. 


In  dispensing  collyria  great  care  should  be  taken  that  the  finished  product  is 
free  from  foreign  particles.  The  filtration  is  best  done  through  sterile  absorbent 
cotton.  A  number  of  special  bottles  have  been  devised  for  dispensing  collyria  (Fig. 
174). 

MUCILAGES 

The  mucilages  are  aqueous  preparaiions  containing  viscid  substances  in 
soliUion  or  suspension^  and  from  a  strictly  physical  point  of  view  mu- 
cilages should  scarcely  be  grouped  among  the  solutions. 
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All  mucilages  should  be  freshly  prepared,  as  their  mucilaginous  con- 
stituents when  diluted  with  water  are  usually  prone  to  fermentation. 

One  of  the  official  mucilages  is  a  jelly  and  the  other  is  a  liquid.  One 
is  prepared  with  hot  water;  the  other  with  cold  water.  Both  are  galenic 
preparations. 

SPECIAL  NOTES  ON  OFFICIAL  MUCILAGES 

MUCILAGO  ACACLE— Mucilage  of  Acacia 

(Mucil.  Acac.) 

Condensed  Recipe, 

Dissolve  350  Gm.  acacia  (previously  washed  in  cold  water)  in  warm  distilled  water 
enough  to  make  1000  Gm.,  agitating  the  mixture  in  a  tared  bottle  until  solution  is 
effected.     For  details,  see  U.S.P.,  p.  278. 

Remarks, — This  preparation  contains  35  per  cent,  of  washed  gum 
arabic  dissolved  in  water,  and  the  pharmacopoeia  directs  that  the  gum 
arabic  be  in  the  form  of  small  pieces  and  not  in  a  powder.  For  general 
prescription  purposes,  however,  especially  when  the  mucilage  of  gum 
arabic  is  directed  as  one  of  the  several  ingredients,  the  powdered  gum 
arabic  is  generally  used,  its  solution  being  much  quicker  than  the  gum 
arable  in  lumps. 

In  preparing  large  quantities  of  the  mucilage  of  acacia,  as  in  making 
mucilage  to  sell  as  an  adhesive,  the  solution  of  the  gum  can  be  facilitated 
by  placing  it  in  a  muslin  bag  and  suspending  it  on  the  surface  of  the 
water  contained  in  the  crock.  In  this  way  the  gum'  arabic  can  be  easily 
dissolved  in  the  course  of  a  few  hours  by  means  of  a  circulatory  solution. 

Dose. — 15  mils  (4  fluidrachms). 

MUCILAGO  TRA6ACANTHLS— Mucilage  of  Tragacanth 

(Mucil.  Trag.) 

Condensed  Recipe. 

Ingredienis. — Tragacanth,  6  Gm. ;  glycerin,  18  Gm. ;  water  enough  to  make  100  Gm. 

ManipulcUion. — Mix  the  glycerin  with  75  mils  of  water,  heat  to  boiling,  add  the 
tragacanth,  macerate  twenty-four  hours.  Then  add  the  full  amount  of  water  and 
strain  by  expression.     For  details,  see  U.S.P.,  p.  278. 

Remarks, — This  contains  6  per  cent,  of  tragacanth  and  18  per  cent, 
of  glycerin,  and  is  prepared  by  adding  tragacantfi  to  boiling  water  mixed 
with  glycerin  and  straining  after  maceration  for  twenty-four  hours.  The 
glycerin  aids  in  its  preservation.  It  is  a  semi-solid  of  much  value  as  a 
pill  excipient,  and  is  practically  never  used  internally. 

Mocilago  ulmi  U.S.P.  Vm,  was  prepared  by  digesting  6  Gm.  of  elm  bark  in  100 
mils  of  water  for  one  hour,  after  which  it  was  strained. 

THE  SniCILAGES  OF  THE  NATIONAL  FORMULARY 


Latin  name 


English  name 


Ingredients 
(figure  show  amount  used  in  100  mils^ 


Remarks 


Mucilago  chondri. 


Mocilago    sasaafraa 
medullse. 


Mucilage  of  fresh 
moas. 

Mucilage  of  sas- 
safras pith. 


Chondnis,  3  Gm. 
decoction. 


water,  prepared  by 


Sassafras.  2  Gm.;  water.   Prepared  by 
cold  infusion. 


Used  in  making 
emulsions. 

Practically  the  re> 
cipe  of  IJ.S.P.  Vlir. 
Used  as  the  Tehicle 
in  eye  lotions. 


SYRUPS 

The  next  class  of  preparations  to  claim  our  attention  are  the  syrups, 
which  are  preparations  containing  medicated  or  flavoring  svbstaruxs  com- 
bined  vnth  a  concentrated  aqueous  solution  of  sugar. 
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A  concenti^ated  aqueous  solution  of  sugar  is  called  syrup  or  simple 
syrup.  If  the  substance  added  to  this  is  merely  a  pleasant  fruit  or  an 
aromatic,  the  finished  product  is  a  flavored  syrup,  whole  if  the  addition  is 
of  a  medicinal  character,  the  product  is  a  medicated  syrup. 

The  manufacture  of  syrups,  while  it  is  simple  in  itself,  is  rather 
difficult  to  explain  in  a  general  way  by  reason  of  the  many  modifications 
in  the  individual  processes  which  are  directed  in  the  pharmacopceia. 
Moreover,  the  manufacture  of  the  syrups  may  be  considered  from  two 
points  of  view:  first,  the  method  by  which  the  sugar  is  dissolved,  and 
second,  the  method  in  which  the  medicinal  or  flavoring  constituent  is 
blended  with  the  sugar. 

As  far  as  dissolving  the  sugar  is  concerned,  this  is  accomplished  in 
several  ways:  first,  the  solution  of  sugar  with  heat,  that  is,  by  placing  the 
sugar  in  an  appropriate  vessel,  adding  water,  and  possibly  a  medicated 
liquid,  and  warming  the  mixture  until  the  sugar  is  dissolved.    The  second 

method  is  by  dissolving  the  sugar  in  a  medicated 
liquid  without  the  use  of  heat — ^the  so-called  cold  proc- 
ess of  preparing  syrups.  This  process  must,  in  turn, 
be  divided  into  two  methods,  the  sugar  being  dissolved 
in  the  first  case  by  agitation  (by  simply  mixing  the 
sugar  with  the  mecucated  liquid,  and  shaking  the  con- 
tainer from  time  to  time  until  the  sugar  is  completely 
dissolved),  and  in  the  second  case,  by  percolation.  In 
this  method  a  piece  of  sponge  or  large  pledget  of  ab- 
sorbent cotton  is  put  in  the  neck  of  the  percolator,  the 
granulated  sugar  is  poured  thereon  and  packed  down 
as  well  as  circumstances  permit,  and  the  requisite 
amount  of  the  Uquid  is  poured  in  on  the  top.  The 
liquid  is  attracted  downward  by  the  force  of  gravi- 
Fig.  175.— Syrup  perco-  ^atiou,  and  in  traversing  through  the  sugar  dissolves 

enough  of  it  to  make  a  saturated  solution;  and  in  this 
way,  if  the  requisite  quantity  of  liquid  is  added,  all  the  sugar  will  be 
dissolved,  and  at  the  end  of  the  process  nothing  will  remain  in  the 
percolator  except  the  straining  medium  and  any  insoluble  matter  that 
was  mixed  with  the  sugar. 

For  preparing  pharmacopceial  syrups  this  process  of  percolation  is 
permitted,  but  the  writer  has  found  that  it  possesses  the  great  objection 
that  there  is  always  a  considerable  quantity  of  sugar  that  is  not  dissolved 
by  the  percolating  Uquid,  and  in  order  to  redissolve  this  it  is  necessary 
to  spread  the  sugar  carefully  over  the  cotton  plug  and  pass  the  liquid 
through  once  more.    But  even  this  is  not  always  successful. 

For  the  preparation  of  syrup  for  soda-fountain  use  this  method  of 
cold  percolation  is  unexcelled,  for  in  this  case  the  complete  solution  of 
the  sugar  is  not  absolutely  necessary.  Soda  syrup  can  be  prepared  in 
the  very  simple  apparatus  shown  in  Fig.  175.  This  apparatus  was  built 
of  two  five-gallon  castor-oil  tins,  the  lower  one  provided  with  a  brass 
faucet,  while  a  sufficient  amount  of  the  bottom  of  the  upper  one  was  left 
to  form  a  margin  on  which  rested  a  diaphragm  of  tin,  pierced  with  holes, 
over  which  was  placed  a  piece  of  Canton  flannel  whi'ch  served  as  a  strainer. 
Tlwough  the  center  of  this  diaphragm,  up  to  the  top  of  the  upper  Can, 
passes  a  piece  of  tin  tubing  intended  to  permit  the  exit  of  air  from  the 
lower  can.  This  diaphragm  being  placed  in  position,  granulated  sugar 
is  thrown  in  the  upper  can  until  completely  filled,  and  one  gallon  of  water 
is  poured  thereon.    The  water  penetrates  the  sugar,  dissolving  it,  and  is 
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finally  passed  through  the  strainer  on  the  diaphragm,  dropping  into  the 
lower  can  a  saturated  solution  of  sugar  and  water.  When  the  first  gallon 
of  water  has  passed  through  the  sugar  is  repacked  in  the  upper  can, 
and  a  half-gallon  of  water  poured  on;  and  we  thus  obtain  about  four 
to  fiive  gaUons  of  a  thick,  transparent  syrup.  The  sugar  remaining 
in  the  upper  can  is  poured  on  paper,  dried,  and  used  another  time  with  a 
fresh  quantity  of  sugar.  The  quality  of  the  sugar  used  in  making  S3rrups 
is  of  great  importance,  as  some  brands  of  sugar  give  syrup  that  does  not 
keep  well.     "Crystal  A"  confectioners'  sugar  is  the  one  recommended. 

As  to  the  special  methods  of  manufacturing  syrups,  the  following 
table  gives  a  glance  at  the  various  processes  employed. 

TABLE  OF  OFFICIAL  SYRUPS 

Process  Galenic  Preparations.  Chemical  Preparations, 

BoiliTig  with  sugar.  Sjrrup  of  acacia. 

Adding  Medicated  Liquid 
TO  Syrup. 
Medicating  Liquid. 
Aqueous  solution. 

Syrup  of  citric  acid.  Syrup  of  ferrous  iodide. 

Syrup  of  hydriodic  acid. 
Fluidextract.  Syrup  of  rhubarb. 

Syrup  of  sarsaparilla,  compound. 
Syrup  of  senega. 
Syrup  of  senna. 
Syrup  of  squill,  compound. 
Tmcture.  Syrup  of  rhubarb,  aromatic. 

Diluted  tincture.  Syrup  of  lactucarium. 

Dissolving  Sugar  in  the 
Medicating  Liquid. 
Medicating  Liquid. 
Aromatic  water.  Syrup  of  orange  flowers. 

Aqueous  solution.  $rrup  of  hypophosphites.         Syrup  of  calcium  laoto- 

phosphate. 
'  Sjrrup  of  tar. 

Infusion.  Syrup  of  wild  cherry. 

Diluted  tincture.  Syrup  of  orange. 

Syrup  of  tolu. 
Syrup  of  finger. 
Diluted  fluidextract.     Syrup  of  ipecac. 
Vinegar.  Syrup  of  squill. 

The  table  just  given  a£fords  an  insight  into  the  many  modifications 
necessary  in  preparing  the  official  syrups,  and  we  can  now  turn  to  a 
special  consideration  of  the  points  regarding  the  official  syrups,  giving 
the  same  in  alphabetic  order. 

SPECIAL  NOTES  ON  OFFICIAL  SYRUPS 

SYRUPUS— Syrup 
(Sirup — Simple  Syrup) 

Cmdaised  Redpe, 

Dissolve  850  Gm.  sugar  in  enough  distilled  water  to  make  1  liter,  either  by  hot 
.  yjjp^  or  by  cold  percdation.  The  amount  of  water  used  at  first  in  either  method 
18  450  mils.    For  details,  see  U.S.P.,  p.  426. 

^?«m<irfc«.— Syrup,  or  what  is  commonly  called  simple  syrup,  is  ap-  * 
pronmately  a  66  per  cent,  solution  of  sugar  in  water.     In  1000  mils  (or 
1313  grammes)  of  the  syrup  there  are  850  grammes  of  sugar  dissolved, 
oence  the  percentage  strength  is  850  -5- 1313  or  64.7.    It  is  prepared  either 
by  dissolving  with  boiling  water  or  by  percolation  of  water  through 
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sugar.  The  official  syrup  should  have  a  specific  gravity  of  about  1.313, 
and  it  is  exceedingly  poor  economy  to  attempt  to  use  a  syrup  much  thin- 
ner than  this.  Syrups  containing  a  smaller  quantity  of  sugar  will  invari- 
ably ferment,  and  the  apparent  economy  in  saving  a  small  quantity 
of  sugar  in  making  the  syrup  is  more  than  coimterbalanced  by  the  neces- 
sity of  throwing  away  a  batch  of  spoiled  syrup.  If  the  syrup  is  properly 
prepared,  there  is  no  necessity  for  elaborate  precautions  of  preserving 
the  same,  although  it  should,  of  course,  be  kept  in  well-stoppered  bottles. 
Forch  has  studied  the  keeping  qualities  of  simple  syrup  and  other  phar- 
macopoeia syrups  and  has  found  that  when  properly  prepared  and  stored 
the  bacterial  count  is  insignificant. 

SYRUPUS  ACACL£— Syrup  of  Acacia 

(Syr.  Acac.) 

Condensed  Recipe, 

One  hundred  grammes  of  acacia  are  dissolved  in  430  mils  distilled  water  in  an 
enameled  or  porcelain  vessel.  The  mucilage  is  then  heated  on  a  water  bath,  with  800 
Gm.  sugar,  until  the  latter  is  dissolved.  Strain  the  hot  syrup  and  add  enough  water 
to  make  a  liter.  Bottle  while  still  hot  in  small  sterilized  containers.  For  details, 
see  U.S.P.,  p.  426. 

Remarks. — In  this  recipe,  a  S3nrup  is  made  by  boiling  acacia  and  sugar 
in  water  as  the  product  is  likely  to  ferment,  the  pharmacopoeia  directing 
that  it  be  stored  in  small  tightly  stoppered  sterile  bottles.  Some  phar- 
macists use  it  as  a  pill  excipient,  although  pills  so  made  are  usually  too 
hard. 

SYRUPUS  ACmi  CITRICI— Syrup  of  Citric  Acid 

(Syr.  Acid.  Cit.) 

Condensed  Recipe, 

Ingredients.-— Citric  acid,  10  Gm.;  distilled  water  and  tincture  of  lemon  peel,  of 
each,  10  mils;  syrup,  enough  to  make  1  liter. 

Manipulation. — Dissolve  the  acid  in  the  water  and  add  to  the  ^rup.  Then  add 
the  tincture  and  enough  S3rrup  to  make  a  liter.     For  details,  see  U.S.P.,  p.  426. 

Remarks, — ^This  is  approximately  the  average  soda-foimtain  syrup  of 
lemon,  although  that  made  from  the  fresh  lemons  is  much  to  be  pre- 
ferred.   Used  entirely  as  a  flavor.    No  dose  given  by  the  pharmacopceia. 

SYRUPUS  ACIDI  HYDRIODICI— Syrup  of  Hydriodic  Acid 

This  official  derivative  of  hydriodic  acid  can  best  be  explained  in 
Part  III.  (p.  394). 

SYRUPUS  AURANTH— Syrup  of  Orange 

(S3rr.  Aurant) 

Condensed  Recipe. 

Ingredients. — Tincture  of  sweet  orange  peel,  50  mils;  citric  acid,  5  Gm.;  sugar,  820 
Gm. ;  distilled  water  enough  to  make  1  liter.     Purified  talc  as  clarifier. 

Manipulation. — Triturate  the  tincture  with  the  talc  and  with  400  mils  of  water, 
filter,  dissolve  the  acid  and  the  sugar  in  the  filtrate,  without  heat  and  finally  add 
enough  water  to  make  a  liter.    For  details,  see  U.S.P.,  p.  427. 

Remarks. — This  is  a  very  palatable  flavoring  syrup,  hence  no  dose  is 
assigned  it  in  the  pharmacopoeia. 
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STRXTPUS  AURANTII  FLORUM— Syrup  of  Orange  Flowers 

(Syr.  Aurant.  Flor.) 

Conderued  Recipe. 

Dissolve  850  Gm.  sugar  in  enough  orange  flower  water  to  make  1  liter,  either  by 
agitation  or  by  percolation.  In  both  cases,  the  sugar  is  first  treated  with  450  mils  of 
tiie  water.    For  details,  see  U.S.P.,  p.  428. 

Remarks, — Another  pleasant  flavoring  syrup. 

SYRUPUS  CALCn  LACTOPHOSPHATIS— Syrup  of  Calcium 

Lactophosphate 

This  s)mip  will  be  considered  among  the  derivatives  of  lactic  acid 
(p.  610). 

SYRUPUS  FERRI  lODIDI— Syrup  of  Ferrous  Iodide 

Fully  described  among  the  compounds  of  iron  (Chapter  XXXI). 

SYRUPUS  HYPOPHOSPHITUM— Syrup  of  Hypophosphites 

(S3rr.  Hypophos.) 

^Oondensed  Recipe, 

Inaredienls. — Calcium  hypophosphite,  45  Gm.;  potassiimi  and  sodium  hypo- 
X=>^08phites,  of  each  15  Gm.;  oiluted  hypophosphorous  acid,  2  mils;  glycerin,  50  mils; 
^niga^  600  Gm.;  distilled  water,  enough  to  make  1  liter. 

Manimdation. — Dissolve  the  hypophosphites  in  500  mils  of  water,  add  the  acid, 
'filter,  add  the  glycerin  and  the  sugar  to  the  filtrate,  dissolve  the  sugar  by  cold  agita- 
tion, lastly  admng  enough  water  to  make  a  liter. 

Remarks. — In  the  manufacture  of  this  syrup,  if  any  difficulty  is  found 
in  dissolving  the  calcium  hypophosphite,  the  fault  is  apt  to  lie  in  the  salt, 
as  a  large  amount  of  commercial  calcium  hypophosphite  is  not  pure. 

Dose, — 10  mils  (23^  fluidrachms). 

SYRUPUS  IPECACUANHA— Syrup  of  Ipecac 

(S3rr.  Ipecac.) 

Ccfnderued  Recipe. 

InifredienlB. — Fluidextract  of  ipecac,  70  mils:  acetic  acid,  10  mils;  glycerin,  100 
mils;  sugar,  700  mils;  water,  enough  to  make  1  liter. 

Manipulation. — Mix  the  acid  with  300  mils  of  water  and  to  the  mixture  add  the 
fluidextnict.  Macerate  twenty-four  hours,  filter  and  wash  filter  with  enough  water 
to  make  450  mils.  To  this  filtrate  add  the  glycerin,  dissolve  the  sugar  in  it,  then  add 
enough  water  to  make  1  liter.  The  sugar  may  be  dissolved  either  oy  cold  agitation 
or  by  percolation.     For  details,  see  U.S.P.,  p.  431. 

Remarks. — Note  that  while  seven  syrups  (rhubarb,  sarsaparilla  com- 
pound, senega,  senna,  squill  compound,  ginger  and  ipecac)  are  made 
from  the  fluidextract,  the  first  five  are  made  by  simply  mixing  the  fluid- 
extract  with  the  syrup,  while  in  making  the  last  two  the  fluidextract 
is  diluted  with  water  and  other  ingredients,  filtered,  and  sugar  dissolved 
in  the  perfectly  transparent  filtrate.  The  latter  process — shown  in  the 
recipe  for  syrup  of  ipecac — is  much  preferable  merely  to  mixing  the  fluid- 
extract  with  syrups  (as  in  making  syrup  of  rhubarb),  which  almost  in- 
variably yields  a  cloudy,  unsightly  product.  In  making  syrup  of  ipecac, 
acetic  acid  is  added  to  insure  solution  of  the  alkaloid,  emetine. 

Z)o«e.— Expectorant,  1  mil  (15  minims).  Emetic,  16  mils  (4  fluid- 
rachms). 
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SYRUPUS  LACTUCARn— Syrup  of  Lactucarium 

(S3rr.  Lactucar.) 

Condensed  Recipe. 

Ingredienls, — Tincture  of  lactucarium,  100  mils;  glycerin,  200  mils;  citric  acid, 
1  Gm.;  orange  flower  water,  50  mils;  syrup,  enough  to  make  1  liter. 

Manipulation. — Dissolve  the  acid  in  the.  orange  flower  water.  Mix  the  tincture 
with  the  glycerin  and  add  to  it  the  acid  solution.  After  filtration  add  enough  syrup 
to  make  1  liter.     For  details,  see  U.S.P.,  p.  431. 

Dose. — 10  mils  (2J^  fluidrachms). 

SYRUPUS  PICIS  LIQUmiE— Syrup  of  Tar 

(Syr.  Pic.  Liq.) 

Condensed  Recipe. 

Ingredients. — Tar,  5  Gm.;  alcohol,  50  mils;  magnesium  carbonate,  10  Gm.;  sugar, 
850  Gm.;  water,  enou^  to  make  1  liter. 

Manipulation. — ^Triturate  the  tar  dissolved  in  the  alcohol  with  magnesium  car- 
bonate and  50  Gm.  sugar;  then  add  water  filter,  dissolve  the  rest  of  the  sugar  in  the 
filtrate  and  lastlv  adato  the  strained  syrup  enough  water  to  make  1  liter.  The 
flugar  is  dissolved,  either  by  cold  agitation  or  by  percolation.  For  details,  see  U.S.P., 
p.  431. 

Remarks. — In  making  this  syrup  the  washed  tar  is  dissolved  in  alcohol, 
friturated  with  magnesium  carbonate  and  water,  and  then  filtered.  In 
the  resulting  tar  water  the  sugar  is  dissolved.  For  general  purposes,  as 
in  cough  syrups,  a  syrup  prepared  from  glycerole  of  tar  (p.  767)  (1  drachm 
glycerole  to  the  fluidounce)  is  more  convenient. 

Dose.^A  mils  (1  fluidrachm). 


SYRUPUS  PRUNI  VIRGINIANiE— Syrup   of  WUd   Cherry 

(Syr.  Pmn.  Virg.) 

Condensed  Recipe. 

Ingredients. — Wild  cherry  bark,  150  Gm.;  sugar,  800  Gm. ;  glycerin,  50 mils;  water, 
enough  to  make  1  liter. 

Manipulalion. — Percolate  the  bark  with  a  mixture  of  glycerin  and  water.  Dis- 
solve the  sugar  in  the  percolate,  either  by  cold  agitation  or  by  i)ercolation.  For 
details,  see  U.S.P.,  p.  432. 

Remarks. — ^This  syrup,  which  enjoys  just  popularity,  is  made  by  per- 
colating wild  cherry  bark  with  a  cold  mixture  of  glycerin  and  water; 
dissolving  sugar  in  the  percolate  thus  obtained.  In  the  former  pharmar 
copoeia  (U.S.P.  VIII)  the  bark  was  percolated  with  water,  glycerin  being 
added  to  the  percolate,  the  idea  being  that  a  ^ycerin-water  menstruum 
dissolved  the  tannin  of  the  bark  making  a  bitter  syrup.  After  consider- 
able controversy,  the  older  method,  the  one  used  in  U.S.P. ,  1890,  was 
adopted  for  the  present  edition. 

It  is  imperative  that  heat  be  avoided  in  making  this  syrup,  since  heat 
prevents  the  formation  or  causes  the  volatilization  of  the  active  principle, 
hydrocyanic  acid.     (See  p.  706.) 

Dose, — 4  mils  (1  fluidrachm). 

SYRUPUS  RHEI— Syrup  of  Rhubarb 

(Syr.  Rhei) 

Condensed  Recipe, 

Ingredients. — Fluidextract  of  rhubarb,  100  mils;  spirit  of  cinnamon,  4  mils; 
potassium  carbonate,  10  Gm. ;  water,  50  mils;  syrup,  enough  to  make  1000  mils. 

Manipulation, — Mix  the  spirit  with  the  fluidextract^  add  the  potassium  carbonate 
dissolved  in  the  water,  lastly  add  the  oyrup.    For  details,  see  U.S.P.,  p.  433. 
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Remarks. — Syrup  of  rhubarb  is  prepared  from  the  fluidextract  of 
rhubarb  and  spirit  of  cinnamon,  potassium  carbonate  being  employed  to 
aid  in  dissolving  the  difficultly  soluble  resins  found  in  the  rhubarb.  An 
aqueous  solution  is  thus  obtained,  in  which  the  requisite  amount  of  sugar 
is  dissolved.  This  syrup  is  a  laxative,  while  aromatic  syrup  of  rhubarb  is 
chiefly  astringent,  the  aromatic  it  contains  bringing  about  this  different 
action.  More  concerning  this  therapeutic  diflference  will  be  said  when 
the  drug,  rhubarb,  is  discussed. 

Dose. — 10  mils  (2J^  fluidrachms). 

STRXTPUS  RHEI  AROMATICITS— Aromatic  Syrup  of  Rhubarb 
(Syr.  Rhei  Arom. — Spiced  Syrup  of  Rhubarb) 

CoTuiensed  Recipe. 

Dissolve  1  Gm.  pK>tassium  carbonate  in  150  mils  aromatic  tincture  of  rhubarb 
and  then  add  enough  syrup  to  make  1  liter. 

Remarks. — ^This  syrup  is  made  by  mixing  syrup  with  aromatic  tinc- 
ture of  rhubarb,  previously  rendered  alkaline  with  potassium  carbonate. 
The  alkali  is  employed  for  the  same  reason  as  in  making  syrup  of  rhubarb. 
Turn  to  aromatic  tincture  of  rhubarb  (p.  232),  and  note  what  aromatics 
it  contains. 

Dose. — 10  mils  (2J^  fluidrachms). 

STRXTPUS   SARSAPARILLJB   COMPOSIXnS-^^mpoimd   Syrup   of 

Sarsaparilla 

(Syr.  Sarsap.  Co.) 

Condensed  Recipe. 

Ingredients. — Fluidextract  of  sarsaparilla,  200  mils:  fluidextracts  of  glycyrrhiza 
and  senna,  of  each  15  mils;  oils  of  sassafras  and  anise,  oi  each  0.2  mil;  methyl  salicy- 
late, 0.2  mil;  alcohol;  syrup  enougjh  to  make  1  liter. 

ManipuUUicn, — Dissolve  the  oils  in  the  alcohol,  add  the  fluidextracts  and  then  mix 
with  the  syrup.     For  details,  see  U.S.P.,  p.  434. 

Remarks.-— Compound  syrup  of  sarsaparilla  affords  a  good  test  of 
memoiy,  and  its  constituents  form  a  question  of  which  examining  boards 
are  quite  fond.  Note  the  three  fluidextracts  and  the  three  oils  used  in 
its  manufacture.  The  uses  of  the  syrup  as  an  adjuvant,  especially  for 
quinine,  are  well  known. 

Dose. — 16  mils  (4  fluidrachms). 

STRXTPUS  SCILLi^— Syrup  of  Squill 

(Syr.  ScilL) 

Condensed  Recipe. 

Dissolve  800  Gm.  sugar  in  450  mils  vinegar  of  squill  by  gentle  heat  and  finally 
add  enough  water  to  make  1  liter. 

* 

Remarks. — Syrup  of  squill  is  now  made  by  dissolving  sugar  in  vinegar 
of  squill  at  gentle  heat.  In  the  pharmacopoeia  of  1890  the  vinegar  of 
squill  was  first  boiled  and  filtered;  this  is  not  now  necessary,  since  the 
boiling  is  performed  in  the  manufacture  of  the  official  vinegar.  (See 
p.  255.) 

Dose. — 2  mils  (30  minims). 
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SYRUPUS  SCILLJB  COMPO  SITUS— Compound  Syrup  of  Squill 

(Syr.  ScilL  Co.— Hive  Syrup) 

Condensed  Recipe, 

Ingredients. — Fluidextracts  of  squill  and  senega,  of  each,  80  mils;  antimony  and 
potassium  tartrate,  2  Gm.;  distilled  water;  syrup,  enough  to  make  1  liter. 

Maniptdaiion. — Dissolve  the  tartrate  in  warm  water,  add  to  syrup,  then  add  the 
fluidextracts  and  lastly  enough  water  to  make  1  liter.    For  details,  see  U.S. P.,  p.  434. 

Remarks. — Compound  syrup  of  squill  is  made  from  the  fluidextracts 
of  squill  and  senega,  the  aqueous  solution  of  the  active  principles  of  these 
drugs  being  filtered  through  purified  talc,  and  to  the  clear  filtrate  a  solu- 
tion of  tartar  emetic  is  added,  and  in  the  resultant  liquid  sugar  is  dis- 
solved.    It  is  called  Cozens  hive  syrup. 

Dose. — 2  mils  (30  minims). 

SYRUPUS  SENEGiE— Syrup  of  Senega 

(Syr.  SenegO 

Condensed  Recipe. 

Two  hundred  mils  of  fluidextract  of  senega  are  mixed  with  enough  syrup  to  make 
1  liter. 

Remarks. — In  preparing  the  fluidextract  of  senega  (see  p.  248)  alkali 
is  used  to  hold  the  pectin  of  the  drug  in  solution,  hence  a  syrup  prepared 
from  the  fluidextract  does  not  gelatinize  as  the  old  form  of  syrup  did. 

Dose. — 4  mils  (1  fluidrachm). 

SYRUPUS  SENN-ffi— Syrup  of  Senna 

(Syr.  Senn.) 

Condensed  Recipe. 

Five  mils  oi  oil  of  coriander  are  mixed  with  250  mils  of  fluidextract  of  senna  and 
then  enough  syrup  is  added  to  make  1  liter. 

Remarks. — ^Note  that  the  National  Formulary  gives  recipes  for  a  comr- 
pound  syrup  of  senna  and  for  aromatic  syrup  of  senna;  as  well  as  for  a 
compound  syrup  o/^gs,  which  contains  senna. 

Dose. — 4  mils  (1  fluidrachm). 

SYRUPUS  TOLUTANUS— Syrup  of  Tolu 

(Syr,  Tolu.) 

Condensed  Recipe. 

Fifty  mils  of  tincture  of  tolu  are  triturated  with  10  Gm.  magnesium  carbonate,. 
60  Gm.  sugar  and  with  water.  The  mixture  is  filtered  and  760  Gm.  sugar  are  dis- 
solved in  the  filtrate  by  aid  of  gentle  heat.  The  syrup  is  strained  and  the  strainer  is 
then  washed  with  enough  water  to  make  1  liter.  The  sugar  may  aldo  be  dissolved 
in  the  filtrate  by  cold  percolation.     For  details,  see  U.S.P.,  p.  436. 

Remarks. — ^The  official  recipe  just  given  is  substantially  the  process 
of  the  pharmacopoeia  of  1870,  and  yields  a  handsome  aromatic  yellow 
syrup.  The  process  of  1880 — digesting  a  mixture  of  balsam  of  tolu  and 
sugar  with  water — was  ctunbersome  and  yielded  a  poor  product,  and  the 
process  of  1890 — dissolving  sugar  in  a  water  of  tolu  made  by  rubbing  an 
alcoholic  solution  of  the  bsdsam  with  precipitated  calcium  phosphate  and 
water — was  not  much  better.  The  color  is  due  to  the  fact  that  the  alka- 
line magnesium  carbonate  acts  on  the  resin  of  the  balsam  found  in  the 
tincture,  producing  a  characteristic  yellow  tint. 

Dose. — 15  mils  (4  fluidrachms). 
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SYRUPUS  ZINGIBERIS— Syrup  of  Ginger 

(Syr.  Zingib.) 

Condensed  Recipe, 

Thirty  mils  of  fluidextract  of  ginger  is  dissolved  in  20  mils  of  alcohol  and  the  solu- 
tion is  triturated  with  10  Gm.  magnesium  carbonate,  60  Gm.  sujpar  and  with  water. 
The  mixture  is  filtered  and  700  Gm.  sugar  are  dissolved  in  the  mtrate  as  in  making 
syrup  of  tolu. 

Remarks. — Syrup  of  ginger  is  prepared  like  syrup  of  tolu,  except  that 
it  is  the  fluidextract  that  is  rubbed  with  magnesium  carbonate  and  water 
and  not  the  tincture. 

Dose. — 15  mils  (4  fluidrachms). 

Sympus  AmygdaUs  (U.S. P.  VIII)  was  prepared  by  mixing  together  10  mils  of 
spirit  of  bitter  almond,  100  mils  of  orange  flower  water  and  890  mils  of  syrup.  This 
transparent  preparation  is  quite  different  from  the  syrup  of  almond  of  the  pharma- 
copoeia of  1890,  which  was  a  milky  liauid  prepared  from  an  emulsion  of  almond.  It 
is  popular  as  a  flavor  in  the  South  under  the  name  orgeale  sryup, 

Sympus  Ferri  QtiininA  et  Strychininse  Phosphatum  (U.S. P.  VIII)  is  now  found  in 
the  National  Formulary.  Although  its  method  of  manufacture  is  different  from  that 
given  in  the  last  pharmacopoeia,  the  two  products  are  practically  identical.  ^  It  is 
commonly  called  EasUnCs  syrup  and  is  an  excellent  tonic,  although  of  rather  limited 
popularity  because  of  its  intensely  bitter  taste.  To  make  a  stable  preparation  is  a 
matter  of  difficulty,  the  usual  product  turning  black  and  eventuaUv  precipitating. 
The  dose  is  4  mils  (1  fluidrachm),  containing  about  ^o  grain  of  strychnine. 

Syruptts  Hypophosphitum  Compositus  (U.S.P.  VIII;  N.F.  IV)  is  a  combination  of 
the  hypophosphites  of  calcium,  potassium  sodium,  iron  and  manganese  along  with 
quinine  and  strychnine.     It  is  given  in  doses  of  8  mils  (2  fluidrachms). 

Syrupus  Hypophosphitum  cum  Ferro  (U.S. P.  1890)  was  the  official  syrup  of 
hypophosphites  combined  with  ferrous  lactate.  It  was  never  very  popular,  compound 
syrup  of  hypophosphites  being  a  much  more  satisfactory  product. 

Syrupus  Ross  (U.S.P.  VIII;  N.F.  IV)  is  made  by  diluting  fluidextract  of  rose  with 
diluted  sulphuric  acid  and  water  and  then  dissolving  sugar  in  the  filtered  fluid.  It 
is  used  as  a  flavor. 

Sympus  Caldi  lodidi  (N.F.),  is  prepared  by  first  making  a  solution  of  ferrous 
iodide  from  iodine  and  iron  wire  and  then  treating  this  with  precipitated  calcium 
carbonate,  when  a  solution  of  calcium  iodide  is  obtamed.  In  this,  sugar  is  dissolved. 
Dose. — 2  mils  (30  minims.) 

Sympus  Ferri  et  Mangani  lodidi  (N.F.)  is  prepared  by  making  a  solution  of 
ferrous  iodide  from  iodine  and  iron  wire  and  filtering  directly  mto  sugar;  then  making 
a  solution  of  manganese  iodide  from  manganese  sulphate  aiid  sodium  iodide  and 
filtering  this  into  the  iron-sugar  solution.     Dose, — 1  mil  (15  minims). 

Sympus  lodotannicus  (N.F.)  is  prepared  by  heating  tannic  acid,  iodine  and 
water  in  a  flask  provided  with  an  upnght  condenser  until  the  free  iodine  has  become 
chemically  combmed  with  the  other  ingredients;  then  sugar  is  added.  Power  claims 
that  the  product  is  nothing  else  but  an  impure  hydriodic  acid.  Dose,^A  mils  (1. 
fluidrachm). 

Sympus  Pini  Strobi  Compositus  (with  and  without  morphine).  The  National 
Formulary  recognizes  this  popular  cough  remedy  both  with  and  without  morphine; 
the  former  representing  the  latter,  plus  0.5  Gm.  of  morphine  sulphate  to  the  liter. 
Syrupus  Pini  Strobi  Compositus  is  prepared  by  percolating  white  pine  bark,  wild 
cherry,  spikenard  root,  balm  of  Gilead  buds,  sanguinaria,  sassafras  bark  and  cudbear 
with  a  menstruum  composed  of  glycerin,  alcohol  and  water.  In  the  percolate  is 
dissolved  sugar,  oil  of  sassafras  and  chloroform  (6  mils  to  the  liter).  The  alcohol 
content  is  approximately  150  mils  to  the  liter.  The  dose  of  the  morphineless  syrup  is 
4  mils  (1  fluidrachm)  while  that  containing  morphine  is  2  mils  (30  minims). 

Syrupus  Rubi  Idsei  (N.F.)  is  the  pleasant  flavoring  syrup  of  raspberry  and  the 
recipe  given,  like  that  of  the  pharmacopoeia  of  1890,  directs  that  the  syrup  be  prepared 
from  the  fresh  fruit  and  not  from  the  commercial  fruit  juice.  The  recipe  should  be 
read  since  it  is  a  type  formula  which  can  be  used  for  making  most  of  the  fruit  syrups. 

Syrupus  Senna  Aromaticus  (N.F.)  is  prepared  by  percolating  jalap,  rhubarb. 
Saigon  cinnamon,  clove,  nutmeg  (previously  mixed  with  oil  of  lemon)  with  diluted 
alcohol.  The  tincture  is  mixed  witn  fluidextract  of  senna  (125  mils  to  the  liter)  and 
then  sugar  is  diraolved  in  the  mixture.     Dos^. — 8  mils  (2  fluidrachms). 
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THE  STROPS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


English  name 
or  synonym 


Ing^redients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Syrupus  allil. 


SyrupuB  altheeft. 


Svrupus  amraonii 
hypophosphitis. 


Syrupus  asari  com- 
positus. 


Syrupus  bromid- 
orum. 


Syrupus  calcii  et 
Bodu  bypophosphi* 
turn. 

Syrupus    calcii    hy- 
drochloropbos* 
phatia. 

Syrupus  calcii  hypo- 
phosphitis. 

Syrupus  calcii 
lodidi. 

Syrupus  calcii  lac- 
topnosphatis  et 
lerri. 

Syrupus  cimicifugs 
compositus. 


Syrupus  cinnamonii. 


Syrupus  codeinae. 


Syrupus  eriodictyi 
aromaticus. 


Syrupus      ferri      et 
mangani       iodidi. 


Syrup  of  garlic. 


Syrup  of  marsh- 
mallow. 


Syrup  of  ammo- 
nium hypophos- 
phite. 


Compound  syrup 
of  Canada  snake 
root. 


Ssrrup  of  the  bro- 
mides. 


Syrup  of  calcium 
and  sodium  hy- 
pophosphites. 


Syrup  of  calcium 
hyr 
phosphate. 


rdrochloro- 


Svrup  of  calcium 
nypoph<Mphite. 

Syrup  of  calcium 
iodide. 

Syrup  of  calcium 
lacto^hos  p  h  a  t  e 
with  iron. 

Compound  ssrrup 
of  aotna. 


Syrup   of   cinna- 
mon. 


Syrup  of  codeine. 

Syrupus  c  o  r  r  i  - 
gens. 


Syrup  of  iron  and 
manganese  io- 
dides. 


Syrupus  ferri  hypo-    Svrup    of    ferric 
phosphitis.  hypophosphite. 


Sjrrupus  ferri  lacto- 
phosphatis. 

Syrupus  ferri  proto- 
chloridi. 

Syrupus   ferri,   qui- 
'  ninsB  et  strychmnie 
phosphatum. 


Fresh  garlic,  200  Gm.;  diluted  acetic 
acid;  sugar. 


Althea  root;  water;  alcohol,  30  mils; 
glycerin.  100  mils;  sugar. 


Ammonium  hypophosphite,  35  Gm.; 
diluted  hypopnoephorous  acid,  dis- 
tilled water,  glycerin,  sugar;  com- 
pound spirit  of  vanillin  as  flavor. 

Asarum;  cochineal;  potassium  carbon- 
ate; alcohol;  water.  Add  to  the  tinc- 
ture; fluidextract  of  ipecac;  and  sugar. 


Bromides  of  potassium,  sodium,  am- 
monium, calcium,  lithium;  compound 
syrup  of  sarsaparilla;  syrup.  Tincture 
of  vanilla  as  flavor;  compound  tinc- 
ture of  cudbear  as  color. 

H^^pophosphites  of  calcium  and  so- 
dium, of  each  35  Gm. ;  hypophosphor- 
ous  acid;  sugar;  water. 

Precipitated  calcium  phosphate;  hy- 
drocnlorio  acid;  water;  ssrrup;  tinc- 
ture of  lemon  peel. 

Calcium  hypophosphite,  36  Gm.;  hy- 
pophosphorous  acid;  sugar;  water. 


Ferrous  lactate,  8.5  Gm.;  potassium 
citrate,  8.5  Gm.;  water;  syrup  of  cal- 
cium laotophosphate. 

Fluidextracts  of  eimicifuga,  glyosrrrhiia, 
senega  and  ipecac;  wild  cherry;  sugar; 
water.    Punfied  talc  as  clariner. 

Saigon  cinnamon;  alcohol,  50  mils; 
cinnamon  water.  Add  to  the  perco- 
late, sugar  and  cinnamon  water. 

Codeine  sulphate,  2  gm.;  syrup. 


Fluidextract  of  eriodictyon;  solution  of 
potassium  hydroxide;  compound  tinc- 
ture of  cardamom;  oils  of  sassafras, 
1  emon  and  clove;  alcohol;  water:  map;- 
nedum  carbonate.  Dissolve  siigar  in 
the  filtrate. 


Syrup  of  iron  lac-  j 
topnosphate. 

Syrup  of  ferrous 
chloride. 

Syrup  of  the  phos- 
phates of  iron, 
qui  nine  and 
strychnine. 


Ferric  hypophosphite,  17.5  Gm.;  po- 
tassium citrate;  sugar;  orange  flower 
water;  distilled  water. 

Ferrous  lactate;  phosphoric  acid; 
sugar;  syrup;  distilled  water. 

Solution  of  ferrous  chloride;  glycerin; 
orange  flower  water;  nynip. 


A  preparation  of  the 
pharmacopceia  of 
1890. 

Keep  in  well-stopper- 
ed completely  filled 
bottles. 

Z>oa«.-— 4  mils  (1  flui- 
drachm). 


Used  in  whooping 
cough.  Z>o»e.'— 4 
mils  (1  fluidrachm). 
Used  as  vehicle  for 
iodides. 

Dote. — 4  mils  (1  flui- 
drachm). 


DoM.— 4  mils  (1  flui- 
drachm). 


Do«e.— 4  mils  (I  flui- 
drachm). 


2)o8«.— 4  mils  (1  flui- 
drachm). 

See  p.  201. 


DoM. — 4  mils  (1  flui- 
drachm). 


DoMe. — 4  mils  (1  flui- 
drachm). 


Do«€. — 4  mils  (1  flui- 
drachm). 


Do»e.-^4  mils  (66 
minims). 

Used  iu  a  masker  of 
the  bitterness  of 
quinine  (see  p.  760). 
Dose. — 8  mils  (2 
fluidrachms). 


See  p.  201 . 


Doae. — 4  mils  (1  flul- 
.  drachm). 


2)o«e.— 4  mils  (1  flui- 
drachm). 

Dose. — 4  mils  (1  flui- 
drachm) . 

See  p.  201. 
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THE  SYRUPS  OF  THE  NATIONAL  FORMULARY— (C<m<«»teed) 


I>atin  name 


T 


I 


English  name 
or  synonym 


Ingredients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Syrupus    ferri    aac-  '  Syrup  of  the  sol- 
charati  aolubilis.       .    uble     oxide     of 

I    iron. 


'Syrupus  ficorum 
compositua. 


Synipus  gljrcyr- 
rbixa. 


Syrupoa  hypophos- 
pbitum  compos- 

itttB. 

Sjmipus  iodotanni- 
cai. 

Synipua  ipeca- 
ruanbflB  et  opii. 


>}Tupaa  krameria. 
Syrapus  manne 


Synipos   morphina 
et  acacia. 

Synipua  papaveris. 


Syrupiu  phoepha* 
tarn  compositua. 


Syrupiia  phoepha- 
tam  com  quinina 
et  strychnina. 

Syrapus  pini  atrobi 
composittta. 


Syrapus  pini  atrobi 
compositua  cum 
niorphiiia. 

S)7apiu  quinidins. 


Byrupttfl  rhamni 
rathartici. 


Syrupua  roac. 
■Syrupoa  rubi. 


Syrupua  rubi 
fructua. 


S>Tapu«  rubi  id«i. 

Syrupua  aan- 

icuinaric. 


Conipound  syrup 
of  figs. 


Syrup  of  licorice. 


Syrup     of    iodo- 
tannin. 

Syrup  of  Dover's 
I    powder. 


Ssrrup     of     kra- 
meria. 

Syrup  of  manna. 


Jackson's  pec- 
toral S3rrup. 

Syrup   of   poppy 
capsules. 

Chemical  food. 


Componnd  svrup 
of  hydrochloro- 
phosphates. 

Compound  syrup 
of  white  i>ine 
with  and  with- 
out morphine. 


Bitterless    syrup 
of  quinidine. 

Sjrrup    of    buck- 
thorn berries. 


Syrup  of  rubus. 


Syrup  of  black- 
berry fruit. 


Syrup  of  blood- 
root. 


Saccharated  ferric  oxide;  syrup;  water. 


Figs,  300  Om.;  fluideztract  of  senna, 
200  mils;  aromatic  fluidglycerate  of 
cascara  sagrada,  100  mils;  oil  of  fen- 
nel; spirit  of  peppermint;  sugar;  water. 


Fluidglycerate  of  glycyrrhiaa;  syrup. 


Tincture  of  ipecac  and  opium,  85  mils: 
spirit  of  cinnamon;  cinnamon  water; 
syrup. 

Fluidextract  of  krameria,  450  mils; 
syrup. 

Manna,  125  Gm.;  alcohol,  <V5  mils; 
sugar;  water. 

Morphine  hydrochloride  0.55  Gm.; 
oil  of  sassafras;  syrup  of  acacia. 

Poppy  capsules,  100  gm.;  made  with  a 
decoction  in  which  dissolve  sugar. 

Compound  solution  of  i>ho0phates; 
syrup:  glycerin.  Colored  with  tincture 
of  cudbear. 

Quinine  hydroshloride,  4.4  Gm. ;  strych- 
nine nitrate,  0. 14  Gm. ;  compound  solu- 
tion of  phosphates;  glycerin,  syrup. 


Do«0.^-4  mils  (1  flui' 
drachm). 


A  pleasant  purgative 
resembling  a  well- 
known  proprietar]^. 
OoM.—i  mils  (1  flui" 
drachm). 

A  pleasant  vehicle  for 
bitter  substances. 
Dote. — 8  mils  (2  floi- 
drachms). 

See  p.  201. 


See  p.  201. 


Daae. — 4  mils  (1  flui- 
drachm). 


Do««.^-4-  mils  (1  flui- 
drachm). 

Z>oae.— 8  mils  (2  flui- 
drachms). 

DoM. — 4  mils  (1  flui- 
drachm). 

D099.—A  mils  (1  flui- 
drachm). 

i)o00.— 4  mils  (1  flui' 
draohm). 


Doae.— 4  mils  (1  flui' 
draohm). 


See  p.  201. 


Quinidine,  33  Om.;  oil  of  orange  peel; 
syrup. 

Fluidextract  of  rhamnus  catharticus, 
200  mils;  oils  of  fennel  and  cinnamon; 
syrup. 


Fluidextract  of  rubus,  250  mils;  sjrrup. 


The  juice  of  fresh  ripe  black-berries  is 
mixed  with  sugar;  the  mixture  is 
heated  and  the  syrup  is  stored  in  sterile 
bottles. 


Sanguinaria,    225   Gm.,    is   percolated 
with  a  diluted  acetic  acid.      In  the  ' 
evaporated    percolate,    sugar    is    dis-  1 
solved.  I 


Z>c»afl.— 4  mils  (1  flni- 
drachm). 

Also  called  syrupus 
spiniB  cervinas.  Doee. 
--8  mils  (2  flui- 
drachms). 

See  p.  201. 

Recognised  in  U.S.P. 
VII 1.  DoB9. — 4  mils 
(1  fluidrachm). 

Used  as  a  flavor. 


See  p.  201. 

Do»e. — 2     mils     (90 
minims). 
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THE  SYRUPS  OF  THE  NATIONAt  FORKULART—CCoiOtniMd) 


Latin  name 


Ensliflh  name 
or  synonym 


Ingredients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Syrupus  senna  aro- 
maticus. 

Ssrrupus  senna 
compositus. 


Synipus  sodii  hjrpo- 
phosphitis. 

Syrupus     stillingis 
compc»itus. 


Aromatic    syrup 
of  senna. 

Compound  syrup 
of  senna. 


Syrup  of  sodium 
nypophosphite. 

Compound  syrup 
of  Btiliingia. 


Fluideztracts  of  senna,  rhubarb  and 
frant^ula;  methyl  salicylate;  alcohol, 
65  mils;  syrup. 

Sodium  hypophosphite,  35  Qm.;  hypo- 
phosphorous  acia;  sugar;  water. 

Compound  fluidextract  of  stOIingia; 
glycerin;  syrup. 


Doss.— 4  mils  (1  flui- 
drachms) . 

Do9e. — 8  mils  (2  flui< 
drachms). 


Doa€,^-A  mils  (1  flui- 
draohm). 

Do»€.—A  mils  (1  flui- 
drachm). 


DOSES  OF  OFFICIAL  STRUPS 

1  mil  (15  minims) Syrups  of  ferrous  iodide  and  of  ipecieic  (as  an 

expectorant). 

2  mils  (30  minims) Syrups  of  squill^  and  squill  compound. 

4  mils  (1  fluidrachm) Syrups  of  hydnodic  acid,  senega,  senna,  tar, 

and  wild  cherry. 

10  mils  {2yi  fluidrachms) Syrups  of  calcium  lactophosphate,  hypophos- 

phites,  lactucarium,  rhubarb,  and  rhubarb 
aromatic. 

15  mils  (4  fluidrachms) Syrups  of  ginger,  sarsaparilla  compound,  and 

tolu. 
No  dose  Kiven  the  official  syrups  not  named  above,  as  all  the  rest  are  flavored 
syrups  and  of  no  medicinal  action. 

HONEYS 

Honeys  are  liqaida  containing  ^medicines  blended  vnth  honey.  In 
ancient  times  the  honeys  represented  the  most  popular  class  of  medicinal 
preparations,  but  in  our  present  day  of  elixirs  and  of  syrups  the  honeys 
are  falling  into  disuse,  although  one  is  still  recognized  by  the  pharma- 
copoeia. Honey  itself  is  the  natural  product  stored  in  the  honeycombs 
by  the  bees,  as  explained  on  p.  634. 

MEL  DEPURATUM— Clarified  Honey 

(Mel  Depurat.) 

Condensed  Recipe. 

Any  convenient  amount  of  honey  is  mixed  with  2  per  cent,  of  shredded  paper  pulp 
that  has  been  washed  and  expressed  and  a^ain  shredded.  The  mixture  is  heated  on 
a  water-bath;  the  scum  is  removed,  water  is  added  to  make  up  the  loss  of  weight  by 
evaporation  and  after  straining  5  per  cent,  of  its  weight  of  glycerin  is  added. 

Remarks. — Clarified  honey — Mel  Despumatum  (U.S.P,,  1890)^i8 
natural  honey,  clarified  by  mixing  with  shreds  of  wetted  filter-paper  and 
heating  on  a  water-bath,  carefully  removing  the  scum  and  filter-paper 
as  it  rises  to  the  surface  (p.  140).  When  the  clarification  is  complete,  the 
liquid  is  strained  and  mixed  with  5  per  cent,  of  glycerin  in  order  to  pre- 
serve it. 

MEL  ROSiE— Honey  of  Rose 

Condensed  Recipe. 

Fluidextract  of  rose  (120  mils)  is  mixed  with  enough  clarified  honey  to  make 
1000  Gm. 

Remarks. — Honey  of  rose  is  prepared  by  blending  12  per  cent,  of 
fluidextract  of  rose  with  clarified  honey.  Honey  of  rose  is  used  in  prepara- 
tion of  mass  of  mercury  (p.  302). 

Dose. — 4  mils  (1  fluidrachm). 

The  National  Formulary  recognizes  the  following  honeys: 

Mel  Rasas  et  Sodii  BorcUis,  containing  sodium  borate,  10  per  cent.;  glycerin  and 
honey  of  rose. 
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Mel  Sodii  BorcUis,  or  Honey  and  Borax,  containing  Bodium  borate,  10  per  cent.; 
sivcerin  and  clarified  honey. 

OXYMELS 

Oxymels  are  liquid  preparations  in  which  the  medicament  is  dissolved  in  or  com- 
bined with  a  mixture  of  vinegar  (or  diluted  acetic  acid)  and  honey.  They  were  im- 
portant galenicals  several  centuries  ago  but  at  the  present  time  there  is  practically 
only  one  survivor: 

Ozymel  SdlUs,  N.F.,  which  is  prepared  b}r  mixing  50  Gm.  of  vinegar  of  sc^uill 
with  100  Gm.  of  honey  and  then  heating  the  mixture  on  a  water-bath  until  it  weighs 
100  Gzn. 

BIBLICX^RAPHY 

Solttlions. — (Donovan's  solution)  Donovan,  Ph.  Jl.  2,  1842,  469  and  546.  (Lugol's 
solution)  £.  S.,  Jl.  de.  ph.,  15,  1829,  519;Lugol,  Jl.  de.  ph.,  17,  1831,  381;  Duhamel, 
A.J.  P.,  6,  1834,  115.  (Compound  solution  of  iodine)  Parsons  and  Wittemore,  Jl. 
Am.  Ch.  Soc.,  33,  1911,  1933. 

Eyedrop  Flask.— DriveT,  Ph.  Zt.,  55, 1910,  790. 

AfucOa^M.— Schirmer,  Arch  d.  Pharm.,  250,  1912,  230  and  241. 

iSyrttjM.— (General)  Dunn,  A.Ph.A.,  57,  1909,  950;  Cook,  A.Ph.A.,  67,  1909, 
10O4.  (Manufacture)  Paddock,  Dr.  Circ.,  24,  1880,  120;  Bonvet,  Am.  Dr.,  19,  1890, 
129.  (Stability)  Forch,  Sch.  Wsch.  Ch.  Ph.,  51,  1913,  136.  (Easton's  Syrup)  Anon, 
A.J.P.,  39,  1867,  177.  (Syrup  of  wild  cherry)  Umnev,  Nat.  Dr.,  40.  1910.  75. 
(Senna  syrups)  Hommel,  Merck's  Rep.,  18,  1909,  262.  (Syrup  of  almond)  Blondeau, 
A.J.P.,  6, 1834,  353. 


CHAPTER  XIII 
ELIXIRS,  GLYCERITES,  COLLODIONS,  AND  OLEATES 


Elixirs  are  hydr(Milcoholic  solxdions  of  medicinal  substances  containing 
^ugar.  Therefore,  it  can  be  seen  that  there  is  a  slight  analogy  between 
them  and  syrups.  In  the  latter,  however,  there  is  much  more  sugar. 
Considering  the  extensive  use  of  elixirs,  it  may  seem  strange  that  so  few 
have  been  introduced  into  the  pharmacopoeia,  but  two  (aromatic  elixir, 
and  elixir  of  glycyrrhiza)  being  official. 

The  chief  reason  for  this  is  that  the  comparatively  large  doses  of  these 
pleasant  alcoholic  preparations  cause  fear  that  they  are  more  to  be  re- 
garded as  tipples  than  as  true  medicinal  agents.  Therefore,  the  phar- 
macopoeial  committee  omitted  the  long  line  of  these  elegant  pharma- 
ceuticals, leaving  them  for  incorporation  in  the  National  Formulary,  and 
a  full  list  of  the  eUxirs  foimd  in  that  book  are  tabulated  below. 

But  another  word  concerning  elixirs;  do  not  fear  that  they  will  spoil. 
If  properly  made,  they  improve  with  age,  foretime  enables  the  alcohol 
aad  aromatics  to  blend,  making  a  smoother,  more  pleasant  preparation. 
Preparation. — ^The  manufacture  of  most  elixirs  consists  in  the  dis- 
solving of  the  medicinal  ingredients  in  aromatic  elixir,  elixir  of  glycyrrhiza, 
compound  elixir  of  almond,  N.F.,  elixir  of  anise,  N.F.,  red  aromatic 
elixir,  N.F.,  elixir  of  bitter  orange,  N.F.,  compound  elixir  of  cardamom, 
N.F.,  aromatic  elixir  of  yerba  santa,  N.F.,  aqueous  elixir  of  glycyr- 
rhiza, N.F.,  aromatic  elixir  of  glycyrrhiza,  N.F.,  compound  elixir  of  tar- 
axacum, N.F.,  con^pound  elixir  of  vanillin,  N.F.,  or  some  other  pleasantly 
flavored  basic^  elixir.  Among  the  latter  we  find  compound  elixir  of  pep- 
sin, N.F.,  while  Scoville  suggests  an  aromatic  chocolate  elixir  containing 
chocolate,  comi>ound  tincture  of  vanillin,  coumarin  and  oils  of  orange, 
peppermint,  anise,  coriander,  caraway,  and  ceylon  cinnamon.  The 
National  Formulary  gives  a  general  monograph  on  elixirs  suggesting 
niceties  of  preparation  and  storing  of  elixirs. 
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ELIXIR  AROMATICUM— Aromatic  Elixir 

(Elix.  Arom. — Simple  Elixir) 
Condensed  Recipe. 

Inffredienla, — Compoiind  spirit  of  orange,  12  mils;  syrup,  375  mils;  alcohol;  dis- 
tilled water  enough  to  make  1  liter.     Purified  talc,  as  clariner. 

Manipulation. — ^The  spirit  is  dissolved  in  238  mils  of  alcohol;  the  syrup  is  added 
followed  oy  375  mils  of  water.  To  thk  fluid  the  talc  is  added  and  the  mixture  is 
filtered;  the  filter  being  washed  with  enough  of  a  mixture  of  1  volume  of  alcohol  and 
3  volumes  of  water  to  make  1  liter. 

Remarks. — ^This  is  a  pleasant  flavored  preparation,  provided  the  com- 
pomid  spirit  of  orange  (p.  180)  is  made  from  fine  oils.  It  is  the  basis  of 
most  elixirs,  among  them  the  official  diocir  of  glycyrrhiza. 

ELIXIR  GL7CTRRHIZ£— Elixir  of  Glycyrrhiza 

(Elix  Glycyrrh. — ^Elixir  Adjuvans,  U.S.P.  VIII — ^Elixir  of  Licorice) 

Condensed  Recipe, 

Fluidextract  of  glycyrrhiza  (125  mils)  is  mixed  with  enough  aromatic  elixir  to 
make  1  liter. 

Remarks. — ^This  preparation  was  recognized  in  U.S.P.  VIII  imder  the 
name,  elixir  adjuvans.  It  originally  appeared  in  the  National  Formulary 
and  the  name  just  given  indicates  that  it  is  intended  as  a  pleasant  addi- 
tion to  mixtures  of  bitter  drugs,  the  glyc3m*hiza  being  an  admirable  mask 
for  bitter  substances.    No  dose  is  given  by  the  pharmacopoeia. 

Elixir  Ferri.  Quinine  et  Strychnlnft  Phosphatum  (U.S.P.  VIII)  is  prepared  from 
soluble  ferric  phosphate,  quinine,  strychnine  (0.275  Gm.  to  the  liter)  with  the  aid  of 
phosphoric  acid  and  of  a  solution  of  ammonium  acetate  (prepared  from  ammonium 
carbonate  and  acetic  acid.  The  vehicle  is  aromatic  elixir  and  much  care  has  to  be 
exercised  in  order  to  secure  a  handsome  product.  This  obtidned,  its  keeping  qualities 
are  far  from  gGk>d.  so  it  was  decided  to  drop  the  preparation  both  from  the  pharma- 
copoeia and  from  tne  National  Formulary. 

Elixir  Calcii  Lactophosphatis  (N.F.)  is  made  by  dissolving  precipitated  calcium 
carbonate  in  lactic  ana  phosphoric  acids  and  adding  to  the  solution  of  lactophosphate 
thus  formed,  syrup,  compound  spirit  of  orange j  alcohol  and  distilled  water.  Purified 
talc  is  used  as  a  clarifying  agent.     Dose. — 8  mils  (2  fluidrachms). 

^  Elixir  CinchonA  Alkaloidarum  (N.F.)  is  a  preparation  rather  poorly  replacing  the 
original  elixir  of  calisaya,  which  was  made  by  percolating  calisaya  bark  ana  aromatics 
with  a  hydronalcoholic  menstruum,  detannating  the  resulting  tincture  with  fresh 
ferric  hydroxide  and  adding  to  the  detannated  preparation,  sugar,  flavor  and  color. 
The  Formulary  product  is  made  by  dissolving  the  sulphates  of  Quinine,  cinchonine 
and  cinchonidine  in  aromatic  elixir;  compoimd  tincture  of  cudbear  being  used  as  color 
and  purified  talc  as  clarifier.  Each  liter  contains  2  Gm.  of  the  quinine  and  1  Gm.  each 
of  the  cinchonine  and  cinchonidine  sulphates.  From  this  elixir  are  prepared:  I,  elixir 
cinchoncs  alkaJUndarum  et  ferriy  (35  Gm.  ferric  phosphate  to  the  liter) ;  II.  elixir  cin- 
chona alkaloidarum  el  hypophosphitum  (17.5  Gm.  each  of  calcium  and  sooium  hypo- 
phosphites  to  the  liter) ;  III.  elixir  cinchonce  alkaloidarum,  ferri  et  bismvlhi  (65  mils 
of  glycerite  of  bismuth  to  1  liter  of  "II");  IV,  elixir  cinchoncs  alkaloidarum,  ferri, 
bismuthi  et  strychnince  (0.176  Gm.  of  strychnine  sulphate  to  1  liter  of  "III"):  V,  elixir 
einchoruB  alkaloidarum^  ferri  et  calcii  lacto-vhosphatis  (500  mils  of  syrup  oi  calcium 
lactophosphate,  potassium  citrate  and  "II  to  make  1  liter);  eHxir  cinchonce  alkaloid" 
arum,  ferri  et  vepsini  (200  mils  of  glycerite  of  pepsin  mixed  with  800  mils  of  "II") 
and  elixir  cinchona  alkaloidarum,  ferri  et  strychnina  (0.175  Gm.  of  strychnine  sulphate 
to  1  Hter  of  "II"). 

Elixir  Digestivum  Compositum  (N.F.  Ill)  is  a  preparation  containing  pepsin,  pan- 
creatin,  diastase,  lactic  and  hydrochloric  acids;  gl^rcerin,  distilled  water  and  aromatic 
eUxir.  ^  It  is  colored  red  with  cudbear  and  is  cmrified  by  use  of  purified  talc.  It  Lb 
sometimes  called  compoimd  elixir  of  pepsin  and  elixir  of  lactated  pepsin  and  resembles 
preparatory  articles  of  this  character.  It  has  been  widely  criticis^  by  medical  author- 
ities (eee  p.  847)  and  for  that  reason  was  dropped  in  the  last  revision  of  the  Formulary. 

Cordiale  Rubi  Fructus  (N.F.)  or  blackberry  cordial  resembles  compound  elixir 
of  blackberry  N.F.  (see  chart  below).  It  is  prepared  by  making  a  tincture  by  per- 
colating Saigon  cinnamon,  clove  and  nutmeg  with  diluted  alcohol,  mixing  this  with 
syrup  of  blackberry.     Purified  talc  is  used  as  a  clarifier. 
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THE  ELIXIRS  OF  THE  NATIONAL  FORBSULA&T 


I^tin  Dame 


EUixir  aniygdalA 
eoiupositum. 


Elixir  anisi. 


Engliah  name 
or  synonym 


Ingredionta 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Compound  elixir 
of  almond. 


Elixir  of  anise. 


Elixir  aromaticum       Red   aromatic 
nibrum.  elixir. 


Elixir  aurantii 
amari. 


Elixir  cardamomi 
eompodtum. 


Elixir  eriodictyi 
aromaticum. 


'  (Replacing  elixir 
I    curasaao     N.F. 
III). 


Compound  elixir 
of  cardamom. 


Elixir  corrigens. 


Elixir  glycyrrhisB     '  Aqueous  elixir  of 


aqaoaum. 


Elixir    ^cyrrhisa 
aromaticnm. 


glyc3rrrhijia. 


Aromatic  elixir  of 
glycyrrhiaa. 


Elixir  taraxaex  oom-  '  Compound  elixir 
pocitiim.  of  taraxacum. 


Elixir  Tsnilljni  com-    Compound  elixir 
pootum.  I    of  Tanillin. 


EUxir  ammonii 
bromidum. 

EUxir  ammoaii 
raleratis. 


Bixff  bismathi. 


Elixir  bueha. 


Elixir  of  ammo- 
nium bromide. 

Elixir  of  ammo- 
nium valerate. 


Elixir  of  bismuth. 


Elixir  of  buchu. 


Elixir  buchu  com-    Compound  elixir 
poBlum.  of  buchu. 

x'y  .  ,     ,  Elixir   of    buchu 

uinr  bnchn  et  po-      and    potassium 
taasii  aceUtia.  acetate. 

Elixir  caleiibromidi.  Elixir  of  calcium 

bromide. 


Elixir  caldi  et  sodii 
Siycerophosi^- 

tam. 


Elixir  of  calcium 
and  sodii  glyc- 
erophosphates. 


ainr  calcii  hypo-  '  Elixir  of  calcium 
!>lK»phittt.  hypophosphite. 


Oil  of  bitter  almond;  vanillin;  stronger 
orange  flower  water;  alcohol,  50  mils: 
sjrrup;  distilled  water.  Purified  talc 
as  clarifier. 

Anethol;  oil  of  fennel;  spirit  of  bitter  al- 
mond; idcohol,  240  mils;  syrup;  dis- 
tilled water.    Purified  talc  as  clarifier. 

Aromatic  elixir,  U.S.P.,  colored  by 
maceration  with  cudbear. 

Oil  of  bitter  orange;  tincture  of  bitter 
orange  peel;  alcohol,  300  mils;  strong- 
er orange  flower  water;  syrup;  dis- 
tilled water.    Purified  talc  as  clarifier. 

Compound  spirit  of  cardamom,  10  mils; 
aleonol,  90  mils;  syrup;  distilled  water; 
purified  talc  as  clarifier. 

Fluidextract  of  eryodictyon;  syrup; 
compound  elixir  of  taraxacum.  Pum- 
ice and  magnesium  carbonate  as 
clarifiers. 

Fluidextract  of  glycyrrhiaa,  150  mils; 
compound  spirit  of  cardamom;  strong- 
er orange  flower  water;  glycerin; 
Bjrrup;  distilled  water. 

Fluidextract  of  glycyrrhisa,  125  mils; 
oils  of  clove,  cassia,  myristica  and  fen- 
nel; aromatic  elixir.  Purified  talc  as 
clarifier. 

Fluidextracts  of  taraxacum,  wild  cherry 
and  glycyrrhisa;  tinctures  of  sweet 
orange  peel,  cinnamon  and  cardamom, 
compound;  aromatic  elixir. 

Compound  spirit  of  vanillin,  20  mils; 
aleonol,  80  mils;  glycerin;  syrup;  dis- 
tilled water.  Tincture  of  caramel  as 
color  and  purified  talc  as  clarifier. 

.\mmonium  bromide,  85  Gm.;  syrup; 
distilled  water;  aromatic  elixir. 

Ammonium  valerate,  35  Gm.;  chloro- 
form, 1.5  milfl;  tincture  of  vanilla;  aro- 
matic elixir.  Ammonia  water  enough 
to  dissolve  the  valerate  and  compound 
tincture  of  cudbear  as  color. 

Glycerite  of  bismuth;  glycerin;  distill- 
ed water;  aromatic  elixir. 

Fluidextract  of  buchu;  alcohol;  aro- 
matic elixir.    Purified  talc  as  clarifier. 

Compound  fluidextract  of  buchu;  aro- 
matic elixir.     Purified  talc  as  clarifier. 

Potassium  acetate,  85  Gm.;  elixir  of 
buchu. 


Calcium  bromide,  85  Gm.;  diluted 
hydrobromic  acid;  ayrup;  distilled 
water;  aromatic  elixir. 


This  and  the  nine 
which  follow  are 
pleasantlsr  flavored 
basic  elixirs,  which 
provide  an  admir- 
able variety  of  fla- 
vors for  the  extem- 
poraneous prepara- 
tion of  medicinal 
elixirs. 


Doae.—4   mils  (Iflui- 
drachm). 

Z)o»«.— -4  mils  (1  flui- 
drachm). 


Dote. — 4  mils  (1  flui- 
drachm) . 

Doae.— 4  mils  (1  flui- 
drachm). 

X>ot«.^-4  mils  (I  flui- 
draohm). 

Z)o««.— -4  mils  (1  flui- 
drachm). 


Z)oa«.— 4  mils  (1  flui- 
drachm) . 


Glycerophosphates     of     calcium     and     Dote. — 4  mUs  (1  flui- 
sodium;    phosphoric    acid;    glycerin;  '    drachm), 
aromatic  elixir;  distilled  water. 

Calcium  hypophosphite,  35  Gm. ;  hy]>o-  I  Dote. — 8  mils  (2  flui- 
phoephorous  acid;  aromatic  elixir.         |    drachms). 
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THE  ELIXIRS  OF  THE  NATIONAL  FORMULARY— (CofUinued) 


Latin  name 


English  name 
or  synonym 


Ingredients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Elixir  calcii  lacto- 
pbosphatis. 

Elixir  cascars 
sagradn. 


Elixir  of  calcium 
lactophosphate. 

(Elixir  rhamni 
purshiansB  N.F. 
III). 


Elixir    eascarsB    sa-    Laxative  elixir, 
grades  compositum. 


Elixir     catharticum 
compositum. 


Elixir  cinchons 
alkaloidarum. 


Elixir  corydalis 
compositum. 


Elixir  ferri  hsrpo* 
phosphitis. 


Elixir  ferri  laotatis. 


Elixir  ferri  phos- 
phatis. 

Elixir  ferri  pyro- 
phosphatis. 

Elixir  ferri  pyro- 
phosphatis,  quin- 
insB  et  strychnine. 


Elixir  ferri  quinine 
et  strychninae. 


Elixir  formatum. 


Elixif  formatum 
compositum. 


Elixir  gentiansB. 


Elixir   gentians    et 
ferri. 

Elixir    eentiann    et 
ferri  phosphatis. 


Elixir  gentians  glyc 
erinatum. 


Compound  cath- 
artic elixir. 


Elixir  of  calisaya 
alkaloids. 


Compound  elixir 
of  corydiJis. 


Elixir     of     ferric 
hypophosphites. 


Elixir  of  iron  lac- 
tate. 

Elixir  of  ferric 
phosphate. 

Elixir  of  ferric 
pyrophosphate. 

Elixir  of  pyro- 
phosphate  of 
iron,  quinine 
and  strychnine. 


Elixir  of  iron, 
quinine  and 
strychnine. 


Elixir  of  formates. 


Compound  elixir 
of  formates. 


Elixir  of  gentian. 


Elixir  of  gentian 
and  iron. 

Elixir  of  gentian 
and  ferric  phos- 
phate. 

Glycerinated 
elixir  of  gentian. 


Aromatic    fluidextract    of   cascara    sa- 
grada,  500  mils;  aromatic  elixir. 


Aromatic  fluidextract  of  cascara  sa- 
grada;  fluidextracts  of  senna  and 
juglans;  aromatic  elixir. 

Fluidextracts  of  frangula,  senna  and 
rhubarb;  spirit  of  peppermint;  solu- 
tion of  i>otassium  hydroxide;  aromatic 
elixir. 


Fluidextracts  of  corydalis,  stillinijia, 
xanthoxylum  and  iris;  potassium 
iodidcp  50  gm.;  alcohol;  aromatic 
elixir. 

Ferric  hy];>ophoBphite,   16.5  Gm.;  po- 
tassium citrate;  distilled  water;  aro- 
matic elixir. 

Iron  lactate,  17.5  Gm.;  potassium^  ci- 
trate; distilled  water;  aromatic  elixir. 

Ferric  phosphate,  35  Gm.;  distilled 
water;  aromatic  elixir. 

Ferric  pjrrophosphate,  35  Gm.;  distill- 
ed water;  aromatic  elixir. 

Ferric  pyrophosphate,  35  Gm.:  9ui- 
nine  sulphate,  8.75  Gm.;  strychnine, 
0.14  Gm.;  citric  acid;  oil  of  orange 
peel;  alcohol,  B3n*up,  distilled  water. 
Ammonia  water  enough  to  insure 
neutrality. 

Tincture  of  ferric  citrochloride;  qui- 
nine hydrochloride;  strychnine  sul- 
phate, 0.175  Gm.;  alcohol:  glycerin; 
distilled  water.  Compound  spirit  of 
orange  as  flavor  and  purified  talc  as 
clariner. 

Formic    acid   (225  Gm.),    neutralised 
with  the  carbonates  of  sodium  and 
potassium;  aromatic  elixir. 

Formic  acid  (200  mils)  neutralised  with 
the  carbonates  of  sodium,  magnesium, 
strontium  and  lithium  and  the  alka- 
loid quinine;  alcohol;  glycerin;  dis- 
tilled water.  Compound  spirit  of  car- 
damom and  acetic  acid  as  flavors; 
purified  talc  as  darifier. 

Fluidextract  of  gentian;  sodium  citrate: 
glycerin;  syrup;  alcohol;  distilled 
water.  (I^ompound  spirit  of  cardamom 
as  flavor;  purified  talc  as  clarifier. 

Tincture  of  ferric  citrochloride,  100 
mils;  elixir  of  gentian. 

Ferric  phosphate,  17.5  Gm.;  distilled 
water;  elixir  of  gentian. 


Fluidextracts  of  gentian  and  taraxa- 
cum; tinctures  of  sweet  orange  peel 
and  cardamom,  compound;  acetic 
ether,  phosphoric  acid;  glycerin,  sug- 
ar: sherry  wine. 


See  p.  206. 

DoM.— -4  mils  (1  flui- 
drachm). 


Do9e. — 4  mils  (1  flui- 
drachm). 


Dose. — As     aperient, 
4mils  (Ifluiaraehm) 
as  cathartic  12  mils 
(3  fluidrachms). 

For  this  and  its  seven 
preparations,  see  p. 
206. 

l>o«e.-— 4  mils  (1  fiui- 
drachm). 


Z>o«s.—- 4  mils  (1  flui- 
drachm). 


Z>ose.— 4  mils  (1  flui- 
draohm). 

Do»e,—-4  mils  (1  flui- 
drachm). 

2>o«e.^-4  mils  (1  flui- 
drachm) . 

Do»e.-—4  mils  (1  flui- 
drachm). 


This  is  not  the  elixir 
of  the  phosphates  of 
iron,  quinine  and 
strychnine.  See  p. 
206.  Dote. — 4  mfls 
(1  fluidrachm). 

Doee. — 8  mils  (2  flui- 
drachms). 


Doee. — 8  mils  (2  flul- 
draohms). 


Dose.-— 4  mils  (1  flui- 
drachm) . 


Do8e.^-4  rails  (1  flui- 
drachm). 

DoMe.—4  mils  (  1  flui- 
(b^chm). 


See  p.  642.    Doee. — 8 
miU  (2  fluidrachms) 
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THE  ELIXIRS  OF  THE  NATIONAL  FORMULARY— (Con^wiuMO 


Latin  name 


English  name 
or  synonym 


Ingredients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Elixir  glycerophos- 
phatum  composi- 
tum. 


Elixir  guarann. 


Elixir  hamuli. 


Elixir  hypophos- 
phitum. 


Elixir  hypopho»- 
pfaitum  et  ferri. 


Elixir  lithii  bromidi. 


Elixir  lithii  citratis. 


Elixir     lithii      saK- 
cylatis. 

Elixir  pepsini. 


Elixir  pepsini,  bis- 
muthi  et  stryoh- 
nlns. 

Elixir  x>ep8ini  et 
bismuthi. 


Elixir  pepdni  et 
ferri. 

Elixir     pepsini     et 
rennini  eompon- 
tum. 


Elixir  phoaphori. 


Elixir  phosphori  et 
nucts  vomice. 


Elixir  potaasii 
acetatis. 

Elixir  potaasii 
acetatis  et  juniperi. 


EHxir  potaani 
bromidi. 

Elixir  gaining 
Taleratis  et  stryoh- 


Compound  elixir 
of  glycerophos- 
phates. 


Elixir  of  guarana. 


Elixir  of  hops. 


Elixir    of    hypo- 
phosphites. 


Elixir  of  hypo- 
phosphites  and 
iron. 


Elixir  of  lithium 
bromidi. 

Elixir  of  lithium 
citrate. 

Elixir  of  lithium 
salicylate. 

Elixir  of  pepmn. 


Elixir  of  pepsin, 
bismuth  and 
strychnine. 

Elixir   of    pepsin 
and  bismuth. 


Elixir   of   pepsin 
and  iron. 

(E^ssentia  pepsini 
N.F.  III). 


Elixir     of     phos- 
phorus. 


Elixir  of  phos- 
phorus ana  nux 
vomica. 

Elixir  of  potas- 
sium acetate. 

Elixir  of  potas- 
sium acetate  and 
Juniper. 

Elixir  of  potas- 
sium bromide. 

Elixir  of  quinine 
valerate  and 
strychnine. 


Eotassium  and  iron;  potassium  citrate; 
ypophoephorous  acid ;  distilled 


Glycerophosphates  of  sodium;  calcium, 
iron,  manganese  and  quinine:  strych- 
nine; lactic  acid:  compound  spirit  of 
cardamom;  alcohol;  glycerin;  water. 
Purified  talc  as  a  clanfier. 

Fluidextract  of  guarana,  200  mils; 
aromatic  elixir;  compound  elixir  of 
taraxacum. 

Fluidextract  of  humulus,  125  mils: 
tincture  of  vanilla;  compound  elixir  of 
taraxacum;  aromatic  elixir.  Purified 
talc  as  clarifier. 

Hypophosphites  of  calcium,  sodium 
and  potassium ;  hypophosphorous  acid ; 
distilled  water;  glycerin;  compound 
spirit  of  cardamom;  aromatic  elixir. 

Hypophosphites   of   calcium,    sodium, 

sitrate; 
water; 
syrup;  aromatic  elixir. 

Lithium  bromide,  S5  Gm.;  syrup;  dis- 
tilled water;  aromatic  elixir. 

Lithium    citrate,    85    Gm.;    aromatic 
elixir. 

Lithium  salicylate,  85  Gm.;  aromatic 
elixir. 

Glycerite  of  pepsin,  200  mils;  glycerin, 
hydrochloric  acid;  aromatic  elixir. 

Sti^chnine,  0.175  mils;  tartaric  acid; 
elixir  of  pepsin  and  bismuth. 


Pepsin,  8.5  Gm.;  glycerite  of  bismuth, 
125    mils;    glycerin,    distilled    water; 
tincture  of  caramel;  aromatic  elixir. 

Tincture  of  ferric  citrochloride,  75  mils; 
elixir  of  pepsin. 

Pepsin,  22.5  Gm. ;  rennin,  16.5  Gm. ;  lac- 
tic acid,  tincture  of  sweet  orange  peel ; 
glycerin;  alcohol,  200  mils;  ou  of 
mvristiea;  distilled  water.  Purified 
talc  as  clarifier. 

Phosphorus,  0.25  Gm.;  chloroform,  5 
mils;  alcohol.  340  mils;  glycerin;  com- 
pound spirit  of  orange;  oil  of  anise; 
distilled  water.  Purified  talc  as  clari- 
fier. 

Tincture  of  nux  vomica,  3.5  mils; 
elixir  of  phosphorxis. 


Potassium  acetate,  85  Gm.;  aromatic 
elixir. 

Potassium  acetate,  85  Gm.;  fluidex- 
tract of  juniper,  125  mils;  aromatic 
elixir.    Purified  talc  as  clarifier. 

Potassium  bromide;  syrup;  distilled 
water;  aromatic  elixir. 

Quinine  valerate,  17.5  Gm.;  strychnine 
sulphate,  0.175  Gm.;  compound  tinc- 
ture of  cudbear;  distilled  water;  aro- 
matic elixir. 


Dote. — 8  mils  (2  flui- 
drachms) . 


DoBe.—A  mils  (1  flui- 
drachm) . 


Dote. — 8  mils  (2  flui- 
drachms). 


Doee. — 8  mils  (2  flui< 
drachms). 


Doee. — 8  mils  (2  flui- 
drachms). 


Doee. — 8  mils  (2  flui- 
drachms). 

Doae. — 8  mils  (2  flui- 
drachms). 

Doee. — 8  mils  (2  fiui- 
drachms). 

Doee. — ^8  mils  (2  flui- 
drachms). 

Doee. — 4  mils  (1  flui- 
drachm). 


Doee. — 8  mils  (2  flui- 
drachms). 


Doee. — 8  mils  (2  flui- 
drachms). 

Doee. — 8  mils  (2  fldi- 
drachms) . 


Same  strength  as 
elixir  of  phosphorus, 
U.S. P.,  1890.  Doee. 
—4  mils  (1  flui- 
drachm). 

Doee.—A  mils  (1  flui- 
draehm). 


Doee. — 15  mils  (4  flui- 
draohms). 

Doee. — 15  mils  (4  flui- 
draohms). 


Doee. — 8  mils  (2  flui- 
drachms) . 

Doee.— A  mils  (1  flid- 
drachm). 
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PRINCIPLES  OF  PHARMACT 


THE  EUZntS  OF  THE  NATIONAL  FORHULART— (C(m<mu«d) 

Latin  name 

English  name 
or  synonym 

Ingredients 
(figures  show  amount  used  in  1000  mils) 

Remarkfl 

Elixir      rubi     com- 
positum. 


Elixir  sodii  brbmidi. 


Elixir    sodii    hypo- 
phosphitis. 

Elixir  sodii 
salioylatis. 

Elixir   sodii   salioy- 
latis oompositum. 


Elixir  strychninsB. 
valeratis. 


Elixir  terpini  hydra- 
tis. 


Elixir  terpini  hydra- 
tis  et  codeinn. 


Elixir  terpini  hydra- 
tis  et  diaoetyl  mor- 
phine. 

Elixir  trium  bromid- 
orum. 


Elixir  viburni  opuli 
compositum. 


Elixir  viburni  pruni- 
folii. 


Elixir  sinci  valeratis. 


Compound  elixir 
of  blackberry. 


Elixir  of  sodium 
bromide. 

Elixir  of  sodium 
hypophosphlte. 

Elixir  of  sodium 
salicylate. 

Compound  elixir 
of  sodium 
salicylate. 


Elixir  of  strych- 
nine valerate. 


Elixir    of    terpin 
hydrate. 


Elixir  of  terpin 
hydrate  and  co- 
deine. 

(Elixir       terpini 
hydratis  cum 
heroinaN.F.III) 

Elixir  ^  of  three 
bromides. 


Compound  elixir 
of  cramp  bark. 


Elixir    of    black 
haw. 


Elixir      of     sine 
valerate. 


Rubus,  nutgall.  Saigon  cinnamon, 
clove,  mace  and  ginger  are  percolated 
with  diluted  alcohol.  To  the  tincture 
syrup  of  blackberry  is  added. 

Sodium  bromide,  175  Gm.;  syrup;  dis- 
tilled water;  aromatic  elixir. 

Sodium  hypophosphlte,  35  Qm.;  hypo- 
phosphorous  acid;  aromatic  elixir. 

Sodium  salicylate,  85  Gm.;  syrup;  dis- 
tilled water;  aromatic  elixir. 

Sodium  salicylate;  fluidextracts  of 
dmidfuga  and  gelsemium;  potassium 
iodide;  aromatic  elixir.  Purified  talc 
as  clarifier. 

Strychnine  valerate,  0.175  Gm.;  dis- 
tilled water;  aromatic  elixir.  Tincture 
of  vanilla  as  flavor  and  compound 
tincture  of  cudbear  as  color. 

Terpin  hydrate,  17.5  Gm.;  tincture  of 
sweet  orange  peel;  spirit  of  bitter  sl- 
mond;  alcohol,  425  mils;  glycerin; 
B3rrup;  distilled  water. 

Coddne,  2  Gm. ;  elixir  of  terpin  hydrate. 


Diaoetyl  morphine  hydrochloride,  0.27 
Gm.;  elixir  of  terpin  hydrate. 


Bromides  of  ammonium,  j>ota8sium 
and  sodium;  compound  elixir  of  al- 
mond.    Cudbear  as  color. 

Fluidextracts  of  viburnum  opulns,  tril- 
lium  and  aletris;  compound  elixir  of 
taraxacum. 

Fluidextract  of  viburnum  prunifolium; 
compound  tincture  of  cardamom;  aro- 
matic elixir. 

Zinc  valerate,  17.5  Gm.;  dtric  add; 
alcohol:  spirit  of  bitter  almond;  com- 
pound tincture  of  cudbear;  distilled 
water;  aromatic  elixir.  Stronger  am- 
monia water  to  neutralise  the  acid. 


Dose. — 15  mils  (4  flui- 
drachms). 


Doae. — 8  mils  (2  flui- 
drachms). 

Dose.— -4  mils  (1  flui- 
drachm). 

l>o«e.-— 4  mils  (1  flui- 
drachm). 

Do»e.—A  mils  (1  flui« 
drachm). 


DoM.— 4  mils  (1  flui- 
draohm). 


Z>o«e.— -4  mils  (I  flui- 
drachm). 


Doae.^-4  mils  (1  flui- 
drachm). 


Z>o«e.— 4  mils  (1  flui- 
drachm). 


DoM.^-4  mils  (1  flui- 
draehm). 


Do9e.^-4  mils  (1  flui* 
drachm). 


Dot. — 4  mils  (1  flui- 
drachm). 


Doae.—-A  mils  (1-flui'- 
drachm). 


VehictiUe  is  the  name  suggested  by  L.  Emanuel  for  a  class  of  preparations  intended 
to  serve  as  pleasant  vehicles  for  medicinal  substances  and  not  having  the  objection 
possessed  by  elixirs;  the  fact  that  they  are  strongly  alcoholic. 

GLYCERTTES 

Gly(5erites  (or  glycerols)  are  mixtures  or  solutions  of  medicinal  sub^ 
stances  with  glycerin.  Most  of  them  are  solutions,  but  one  of  those  official 
(glycerite  of  starch)  is  a  semisolid  mass.  The  glycerites  are  excellent 
preparations,  being  both  permanent  and  emollient.  However,  they  have 
the  disadvantage  of  being  smeary  like  their  vehicles. 


Process, 
Cold  solution. 

Warm  soliUion, 


TABLE  OF  OFFICIAL  GLYCERITES 

Galenic  Preparations. 
Glycerite  of  phenol. 


Chemical  PreparaHon, 


Glycerite  of  tannic  acid. 
Glycerite  of  starch. 
Percolation  and  soltUion,       Glycerite  of  hydrastia 


Glycerite  of  boroglycerin. 
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SPECIAL  NOTES  ON  OFHCIAL  GLTCERTTES 

GLTCERITUM  ACIDI  TANNICI— Glycerite  of  Tannic  Acid 
(Glycen  Acid.  Tan. — Glycerite  of  Tannin) 

Conderued  Recipe. 

Tannic  acid  (20  Gm.)  is  dissolved  in  glycerin  (86  Gm.)  which  has  been  wanned 
in  a  wide-mouthed  bottle  heated  on  a  water-bath.    For  details,  see  U.S.P.,  p.  204. 

Remarks. — Glycerite  of  tannic  acid  is  a  20  per  cent-  solution  of  tannic 
acid  in  glycerin.  It  is  hardly  necessary  to  say  that  the  use  of  metallic 
utensils  should  be  rigidly  avoided,  as  tannin  combines  with  metals,  par- 
ticularly with  iron,  forming  with  that  metal  an  inky  black  compoimd. 

The  glycerite  when  first  prepared  is  of  a  brownish  color,  but  on  stand- 
ing it  assumes  a  deep  green  tint. 

It  is  a  convenient  form  for  dispensing  solutions  of  tannic  acid,  it 
being  readily  diluted  by  the  addition  of  as  much  water  as  necessary. 

Dose. — 2  mils  (30  minims). 

GLTCERITUM  AMTLX— Glycerite  of  Starch 

(Glycer.  Amyl.) 

Condensed  Recipe. 

Ingredients. — Starch,  10  Gm.;  water,  10  mils;  glycerin,  80  Gm. 

ManiptUation. — The  starch  is  triturated  with  the  water,  is  added  to  the  glycerin, 
warmed  to  140'*G.  and  the  mixture  is  heated  between  140"*  and  144**  until  a  jelly  forms. 
For  details,  see  U.S.P.,  p.  204. 

Glycerite  of  starch  is  a  jelly  containing  10  per  cent,  of  starch,  made 
by  blending  starch,  water,  and  glycerin,  and  gently  warming,  with  con- 
stant stirring,  on  a  Bunsen  burner  to  144**C.  to  insure  rupture  of  the 
starch  granules.  (See  p.  632.)  The  stirring  is  necessary  to  avoid 
scorching. 

Glycerite  of  starch  is  used  as  a  basis  of  enemas  and  also  as  a  pill 
excipient.  Not  being  used  internally,  no  dose  is  given  by  the  phar- 
macopoeia. 

GLTCERITUM  BOROGLTCERINI— Glycerite  of  Boroglycerin 

(Glycer.  Boroglyc.) 

Condensed  Recipe. 

Ingredients. — Boric  acid,  310  Gm.;  glycerin,  enough  to  make  1000  Gm. 

MardpulcUion. — ^The  boric  acid  is  added  to  460  Gm.  glycerin  that  has  been  heated 
to  150**C.  and  the  mixture  is  heated  until  it  weighs  500  Gm.  Mix  this  with  600  Gm. 
glycerin.     For  details,  see  U.S.P.,  p.  204. 

Remarks. — Glycerite  of  boroglycerin  contains  50  per  cent,  of  boro- 
glycerin (for  calculations,  see  p.  613),  and  is  a  thick,  viscid  liquid,  which 
IS  used  externally  as  an  antiseptic  and  emollient  dressing.  It  is  well  to 
bear  in  mind  that  the  addition  of  water  to  this  glycerite  causes  precipita- 
tion of  boric  acid  and  that  in  making  any  dilution  of  this  glycerite  stronger 
than  1  part  of  acid  to  18  parts  of  fluid,  glycerin  should  he  employed. 

GLTCERITUM  HYDRASTIS— Glycerite  of  Hydrastis 
(Glycer.  Hydrast. — Glycerite  of  Golden  Seal) 

One  hundred  mils  of  Glycerite  of  Hydrastis  yields  not  less  than  1.12  Gm.  nor  more 
than  1.37  Gm.  of  the  ethernsoluble  alkaloids  of  hydrastis. 
Condensed  Recipe. 

Ingredients. — Hydrastis,  1000  Gm. ;  glycerin,  alcohol  and  water,  of  each  enough  to 
make  1000  mils. 

ManipuUUion. — ^Percolate  hydrastis  with  alcohol  until  it  is  exhausted.  Distill 
off  the  alcohol  from  the  percolate,  pour  the  l^ick  residual  fluid  into  ice-cold  water^ 
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let  stand  for  twenty-four  hours,  then  filter,  assay,  and  add  water  and  gjvcerin  to  obtain 
a  product  oontaining  50  mils  of  glycerin  and  1.25  Gm.  alkaloids  to  eacn  100  mils.  For 
details,  see  U.S.P.,  p.  205. 

Remarks. — Glycerite  of  hydrastis  is  practically  a  glycerinic  fluid- 
extract  of  that  important  drug.  It  is  prepared  by  percolating  the  drug 
with  alcohol,  evaporating  off  the  alcohol,  and  blending  the  filtered  residue 
with  glycerin.  It  represents  a  form  of  "fluid  hydrastis"  so  largely  used 
as  an  ingredient  of  gonorrheal  injections. 

Dose. — 2  mils  (30  minims). 

GLTCERITUM  PHENOLXS— Glycerite  of  Phenol 

(Glycer.  PhenoL — Glycerite  of  Carbolic  Acid) 

Condensed  Recipe, 

Dissolve  20  mils  of  liquefied  phenol  in  80  mils  of  glycerin. 

Remarks. — Glycerite  of  carbolic  acid,  as  this  preparation  was  called 
by  the  pharmacopoeia  of  1890,  and  as  it  is  commonly  called,  contains 
20  per  cent,  of  liquefied  phenol,  and  is  an  admirable  antiseptic;  for  this 
purpose,  however,  it  is  too  concentrated  and  more  advantageous  is  the 
so-called  carbolated  glycerin,  containing  one  fluidrachm  of  carbolic  acid 
to  the  fluidounce  of  the  finished  product. 

Dose. — 0.3  mils  (5  minims). 

DOSES  OF  GLTCERrrES 

0.3  mil    (5  minims) , . . .  Glycerite  of  phenol. 

2  mils  (30  minims) Glycerite  of  nydrastis  and  of  tannic  acid. 

No  dose  given  of  glycerite  of  boroglycerin  nor  of  glycerite  of  starch. 

Glyceritum  Bismuthi  (N.F.)  is  a  preparation  representing  12.8  Gm.  bismuth  oxide 
to  100  mils  made  by  treating  a  solution  of  bismuth  subnitrate  in  a  diluted  nitric 
acid  and  mixing  this  with  tartaric  acid  and  sodium  bicarbonate.  The  magma  so 
obtained  is  washed  after  which  it  is  heated  with  more  tartaric  acid  and  sodium  bicar- 
bonate until  the  resulting  bismuth  sodium  tartrate  has  dissolved.  To  this  solution 
glycerin  and  water  are  added. 

Glyceritum  Vitelli  (N.F.)  or  glyconin  is  made  by  rubbing  45  Gm.  of  yolk  of  egg 
with  55  Gm.  of  glycerin.  A  thick  yellow  mixture  results^  which  affords  one  of  the  most 
striking  illustrations  of  the  antiseptic  action  of  glycenn.  The  writer  has  known  a 
sample  of  glycerite  of  the  yolk  of  egg  five  vears  old  to  be  as  sweet  as  when  first  made. 

Glycerite  of  Elm  has  been  suggested  oy  Hommel  as  a  vehicle  for  iodides  and  for 
creosote;  while 

Glycerite  of  Iodine  containing  20  parts  of  iodine  20  parts  of  potassium  iodide 
and  20  parts  of  glycerin  is  recommended  by  Apple. 

GLTCERITES  OF  THE  NATIONAL  FORHULART 


Latin  name 


English  name 
or  synonym 


Ingredients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Glyceritum     b  i  s  - 
muthi. 

Glyceritum  guaiaci. 


Glyceritum  pepsini. 


Glyceritum  picis 
liquijdlse. 

Glyceritum     traga- 
canthn. 

Glyceritum  vitelli. 


Glycerite  of  bis- 
muth. 

Glycerite   of 
guaiac. 

Glycerite  of  pep- 
sin. 


Glycerite  of  tar. 


Glycerite  of  traga- 
canth. 

Glycerite  of  yolk 
of  egg. 


Guaiac,  85  Gm.;  solution  of  sodium 
hydroxide,  65  mils;  glycerin;  water. 

Pepsin,  85  Gm.;  hydrochloric  acid; 
glycerin;  distilled  water.  Purified  talc 
as  clarifier. 

Tar;  glycerin;  alcohol,  125  mils;  water. 
Magnesium  carbonate  as  clarifier. 

Tragacanth;  glycerin;  water. 


See  above. 


Do»e. — 2     mils      (30 
minims^. 

i>o«f.-— 3     mils     (45 
minims) . 


Dose. — I  mils  (1  flui- 
drachm). See  p.  767. 

See  p.  304. 


See  above. 
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COLLODIONS 

These  are  preparations  used  extemaUy,  having  as  their  base  collodion, 
which  Uquid  is  a  solution  of  pjrroxylin  (gun-cotton)  in  alcohol  and  ether 
(p.  630). 

The  solvent  readily  evaporates,  leaving  a  film  of  gun-cotton,  which  is 
an  excellent  protective. 

TABLE  OF  OFFICIAL  COLLODIONS 

(All  Galenic) 

MadsbyHmpUsoluli^ {  Fffibte^^llodion. 

Made  by  percoUUion  and  soliUian . .  Gantharidal  collodion. 

SPECIAL  NOTES  ON  OFFICIAL  COLLODIONS 

COLLGDIITM— Collodion 
(Collod.) 

Cimdenaed  Reeipe. 

Mix  40  Gm.  pyroxylin  with  250  mils  alcohol  and  750  mils  ether.  Shake  until  the 
pyroxlin  18  dissolved  and  decant  clear  fluid.    For  details,  see  U.S. P.,  p.  121. 

Dewrijrfum.— Clear  or  slightly  opalescent  syrupy  liquid*  inflammaole;  evaporated 
in  thin  layer,  leaves  a  film  of  pyroxylin.     For  details,  see  U.S.P. 

i4May.--Precipitate  out  the  pyroxylin  by  addition  of  an  equal  volume  of  water. 
Pyroxylm  obtained  should  represent  5.1  per  cent,  of  the  collodion  taken.  P'or  details, 
see  U.S.P. 

Remarks. — ^This  ethereal  solution  of  gun-cotton  will  be  discussed 
later  (p.  631). 

COLLODnTM  CANTHARIDATUM— CanAharidal  Collodion 
(Collod.  Canth. — Blistering  Collodion — Vesicating  Collodion) 

Condensed  Recipe, 

Ingredient*. — Cantharides,  60  Gm.,  glacial  acetic  acid,  5  mils;  flexible  collodion, 
85  Gm.;  acetone,  enough  to  make  100  Gm. 

Maniptdaiion. — Percolate  the  cantharides  with  mixture  of  the  acetic  acid  and 
the  acetone  and  finallv  with  acetone  until  the  drug  is  exhausted.  Distil  the  acetone 
from  the  percolate  and  dissolve  the  residue  in  the  flexible  collodion.  For  detaib,  see 
U.S.P.,  p.  122. 

i2emarte.— Gantharidal  collodion  is  prepared  by  percolating  canthar- 
ides with  acetone,  distilling  the  solvent  from  the  percolate,  and  dissolving 
the  remaining  extracts  in  flexible  collodion.  The  Swiss  Pharmacopceia 
directs  that  this  collodion  be  made  from  cantharidin. 

COLLODIUM  FLEXILE— Flexible  Collodion 

(Collod.  Flex.) 

Q(mdenud  Recipe. 

Mix  950  Gm.  coUodiofi,  20  Gm.  camphor  and  30  Gm.  castor  oil  and  shake  until 
the  eamphor  is  di^olved.    For  details,  see  U.S.P.,  p.  122 

Remarks. — ^The  pure  pyroxylin  layer  left  on  evaporation  of  ordinary 
collodion  is  brittle  and  apt  to  crack  when  placed  on  the  fingers  and  other 
joints.  Flexible  collodion,  on  the  other  hand,  is  made  pliable  by  the 
addition  of  camphor  and  castor  oil. 

Note  that  as  collodion  is  a  solution  of  gim-cotton  in  a  mixture  of 
alcohol  and  ether,  it  will  be  precipitated  by  the  addition  of  water.  There- 
fore, a  prescription  containing  collodion,  tincture  of  iodine,  and  water 
of  ammonia  cannot  be  compounded,  for  as  soon  as  the  water  of  ammonia 
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is  added  to  the  collodion,  the  pyroxylin  separates  in  a  wad.  This  can 
be  remedied  by  substitution  of  the  spirit  of  ammonia  for  water  of 
ammonia. 

All  the  collodions,  since  they  contain  ether,  must  be  handled  carefully 
and  kept  away  from  the  flame. 


COLLODIONS  OF  THE  NATIONAL  FORMULART 

Latin  name 

English  name 
or  synonym 

Ingredients 
(figures  show  amount  used  in  100  Gm.) 

Remarks 

CoUodiuzn  iodi. 

Collodium  iodo- 
formi. 

Collodium  salioylioi 
compositum. 

Collodium     stypti- 
eum. 

Collodium  tiglii. 

Iodine  collodion. 

Iodoform     collo- 
dion. 

Compound    saii- 
cylio  collodion. 

Styptic  collodion. 

Croton  oil  collo- 
dion. 

Iodine,  5  Gm.;  flexible  collodion. 
Iodoform,  5  gm.,  flexible  collodion. 

Salicylic  acid,  11  Gm.;  fluidextraot  of 
cannabis,  10  Gm.;  flexible  coUdioon. 

Tannic  acid,  20  Gm.;  flexible  collodion. 

Croton  oil,  10  Gm.;  flexible  collodion. 

The  well-k  n  o  w  n 
**corn8olTent."  Sot 
p.  7fll. 

Was  official  in  U.S.P. 

vin. 

A  powerful  local  ir- 
ritant, that  must  be 
used  with  caution. 

OLEATES 

These  are  solidions  of  metallic  oxides  or  alkaloids  in  oleic  acidy  and,  like 
ointments,  produce  the  physiologic  effect  of  the  active  ingredient  through 
absorption  of  the  latter  on  application  to  the  skin  by  inunction. 

'  They  are  prepared  by  dissolving  an  oxide  or  an  alkaloid  in  oleic  acid, 
and  in  making  metallic  oleates  an  excess  of  heat  should  be  avoided,  as  oleic 
acid  easUy  reduces  the  metallic  oxides  to  the  metals,  particularly  when 
the- mixture  is  heated.  The  dissolving  of  the  oxides  in  oleic  acid  is  some- 
times a  rather  difficult  matter,  and  in  order  to  obtain  good  results  the 
oxide  should  be  in  a  very  fine  powder  and  should  be  triturated  with  alcohol 
or  shaken  with  ether  prior  to  adding  the  oleic  acid.  The  volatile  fluid  is, 
of  course,  evaporated  after  the  oxide  has  dissolved.  In  making  an  oleate 
of  an  alkaloid,  the  free  alkaloid  and  not  the  salts  thereof  should  be  used. 
All  the  oleates  are,  strictly  speaking,  chemical  preparations,  since  the 
solvent  (oleic  acid)  forms  a  salt  (oleate)  with  either  a  metallic  oxide  or  an 
alkaloid.  Bear  in  mind,  however,  that  the  pharmaceutical  oleates,  now 
considered,  are  not  definite  chemicals,  like  sodium  oleate  (soap),  lead 
oleate  (lead  plaster),  or  the  other  oleates  discussed  in  Chapter  XLI. 
The  class  we  are  now  considering  contains  a  large  amount  of  oleic  acid 
and,  therefore,  represent  the  definite  phemical  (the  true  oleate)  dissolved 
in  an  excess  of  oleic  acid. 

OLEATUM  HYDRAHGYRI— Oleate  of  Mercury 

(Oleat.  Hydrarg.) 

Condensed  Recipe, 

Inaredierds, — YeDow  mercuric  oxide,  25  Gm.;  alcohol,  20  mila;  oleic  acid,  enough 
to  make  100  Gm. 

ManipiUation, — Mix  the  oxide  with  the  alcohol,  add  oleic  acid,  warm  the  mixture 
to  60°C.  with  stirring  until  the  oxide  has  dissolved.     For  details,  see  U.S.P.,  p.  281. 

Remarks. — This  is  the  only  oleate  recognized  in  the  present  pharma- 
copoeia; the  others  that  were  included  in  U.S.P.  VIII,  now  being  trans- 
ferred to  the  National  Formulary.  It  is  used  for  extinguishing  the 
mercury  in  the  manufacture  of  mercurial  ointment. 
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Latin  name 


English  name 
or  synonym 


Ingredienta 
(figures  show  amount  used  in  100  Gm.) 


Remarks 


Oleatom  aooaitins. 


Oleatum  atroiMn«e. 


Oleatum  cocaine. 


Oleatnm  quinius. 


Oleatum  reratrins. 


Oleate  of  aooni- 
tine. 


Oleate    of    atro- 
pine. 

Oleate  of  cocaine. 


Oleate  of  quinine. 


Oleate    of    vera- 
trine. 


Aconitine,  2  Gm.;  oleic  acid;  olive  oil. 


Atropine,  2  Gm.;  oleic  acid;  olive  oil. 
Alcohol  used  in  aiding  solution. 

Cocaine.  5  Gm.;  oleic  acid;  olive  oil. 
Alcohol  as  a  solvent  of  the  alkaloid. 

Quinine,  25  Gm.;  oleic  acid. 


Veratrine,  2  Gm.;  oleic  acid;  olive  oil. 


Distinctly  irritating. 
Never  apply  to  skin 
with  the  bare  finger. 

Was    recognised    in 

U.S.P.  vni. 

Ditto. 


Ditto.  Used  to  obtain ' 
phjTsiologioal    effect 
of  quinine  by  rub- 
bing in  at  the  arm- 
pits. 

Was    recognised    in 
U.8.P.  VIII. 
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CHAPTER  XIV 
INFUSIONS,  DECOCTIONS,  AND  TINCTURES 

INFUSIONS 

Infusions  are  preparations  made  by  the  maceration  or  percolaiion  of 
vegetable  substances  with  water.  With  infusions  we  begin  the  study  of 
those  preparations  made  by  extraction — by  use  of  the  processes  of  macera- 
tion and  percolation — ^rather  than  by  the  simple  solution  of  the  medicat- 
ing substance  with  the  diluent. 

In  some  of  the  ofiBicial  infusions  the  water  used  as  the  extracting 
solvent  is  applied  cold,  but  usually  it  is  poured  on  while  boiling  hot.  It 
is  used  cold  for  such  drugs  as  wild  cherry,  the  active  principle  of  which, 
hydrocyanic  acid,  would  be  driven  off  or  its  formation  would  be  prevented 
by  the  temperature  of  boiling  water. 

Infusions  are  not  much  used  in  this  country,  American  physicians 
preferring  the  alcoholic  preparations  of  drugs,  such  as  tinctures  and  fluid- 
extracts. 
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They  quickly  spoil,  and  should  be  freshly  prepared  whenever  called 
for,  which  is  one  reason  why  they  have  lost  their  popularity  in  this  coun- 
try. They  are  still  largely  used  in  England,  and  the  various  infusion 
mugs  depicted  in  works  of  pharmacy  are  mostly  of  English  design.  Note 
that  while  only  two  infusions  are  official  in  the  U.S.P.,  a  general  formula 
is  given  by  which  all  unofficial  infusions  save  those  of  potent  drugs  are 
to  be  prepared. 

TABLE  OF  OFHCIAL  INFUSIONS 


MacertUion  triih  hot  water. 
Percolation  with  cold  "water. 


Preparalions, 
Infusion  of  digitalis. 
Infusion  of  senna,  compound. 
Infusion  of  wUd  cherry  (U.S.P.  VIII). 


Explanatory  of  the  table  given  above,  it  may  be  said  that  in  making 
infusions  by  hot  maceration  the  coarsely  ground  drug  is  put  into  a  suitable 
vessel,  boiling  water  is  poured  upon  it,  and  the  maceration  permitted  to 
continue  a  half-hour  or  an  hour. 

In  England,  where  a  dozen  different  infusions  may  be  called  for  in  a 

day's  prescription  business,  those  infusions  in 
daily  demand  are  prepared  freshly  each  morning, 
and  the  special  infusion  mugs,  such  as  are 
shown  in  Fig.  176,  are  in  general  use.  In  this 
country,  where  a  prescription  for  an  infusion 
comes  in  but  rarely,  any  suitable  glass  or  porce- 
lain vessel  —say,  a  teapot  or  a  beaker — can  be 
used.  It  is  convenient  to  prepare  the  infusion 
by  circulatory  solution,  that  is,  the  ground  drug 
is  placed  in  a  small  piece  of  straining  cloth  and 
suspended  just  below  the  surface  of  the  boiling 
water.  It  might  be  stated  that  the  perforated 
diaphragm  a  of  the  infusion  mug  pictured 
above  is  intended  for  the  same  purpose.  The 
process  of  cold  maceraiion  is  sometimes  employed 
in  making  infusions,  but  this  is  done  rarely, 
and  is  not  given  official  sanction.  The  process 
is  identical  with  hot  maceration,  save  that  cold 
water  is  used.  The  process  of  cold  percolation  is 
directed  for  such  drugs  as  wild  cherry. 

The  process  of  hot  percolation  is  sometimes 
employed  in  making  infusions,  but  is  not  given  official  sanction.  It 
might,  however,  be  mentioned  that  the  first  stage  in  the  manufacture 
of  the  official  fluidextracts  of  cascara  sagrada  (p.  246)  and  of  triticum 
(p.  246)  is  the  preparation  of  an  infusion  by  percolation  with  hot  water. 
Infusions  are  sometimes  prepared  by  digestion,  that  is,  by  allowing 
the  drug  to  macerate  in  water  several  hours  at  gentle  heat,  such  as  that 
furnished  by  a  steam  radiator  or  found  at  the  back  of  a  woodnstove  or 
coal*range. 

But  one  word  is  necessary  as  to  the  preparation  of  infusions  by 
diluting  fluidextracts  with  warm  water,  a  process  recommended,  for 
scarcely  disinterested  reasons,  on  the  labels  of  the  fluidextracts  of  most 
manufacturers.  That  necessary  word  is  donH!  The  only  reason  an 
American  physician  prescribes  an  infusion  is  to  get  only  those  active 
principles  of  a  drug  which  are  soluble  in  water.  If  he  wants  those  prin- 
ciples which  are  soluble  in  alcohol,  he  prescribes  a  tincture  or  a  fluid- 
extract.    Hence  for  the  pharmacist  to  dispense  an  infusion  made  from 


Fig.  176. — lofuaion  mug:  a, 
Diaphragm. 
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a  fluidextract  is  as  much  a  perversion  of  duty  as  would  be  the  dispensing 
of  a  watery  percolate  from  ginger  on  a  prescription  calling  for  the  official 
tincture. 

The  presewation  of  infusions  has  been  the  subject  of  considerable  un- 
necessary writing.  By  the  very  character  of  preparation,  no  attempts 
should  be  made  to  preserve  infusions,  which  should  be  freshly  prepared 
as  required.  The  addition  of  any  preservative  agent  to  infusions  is,  of 
course,  out  of  the  question.  In  England,  where  the  infusions  are  used 
very  largely,  a  separate  coimter  is  arranged  for  the  use  of  infusions,  and 
here  are  placed  a  line  of  infusion  mugs.  At  the  beginning  of  each  day 
the  contents  of  these  mugs  are  thrown  away,  and  the  apparatus  carefully 
washed,  and  new  quantities  of  the  infusions  are  prepared.  No  infusion 
should  be  dispensed  later  than  twenty-four  hours  after  making. 

SPECIAL  NOTES  ON  OFFICIAL  INFUSIONS 

INFUSA— Infusions 

Condensed  Recipe. 

This  is  a  general  formula  directing  that  unless  otherwise  specified,  an  infusion 
should  be  made  by  macerating  50  Gm.  of  the  coarsely  comminuted  drug  with 
1000  mils  of  boiling  water  for  one-half  hour,  straining  the  mixture,  and  washing  the 
strainer  with  [enough  water  to  make  1  liter.     For  details,  see  U.S.P.,  p.  226. 

Remarks. — A  "general  formula"  is  an  attempt  to  furnish  a  recipe  for 
the  manufacture  of  every  representative  of  that  particular  line  of  prepara- 
tions, the  infusions,  unless  a  special  recipe  is  given  by  the  pharmacopoeia 
or  by  the  physician,  or  unless  the  active  ingredient  is  so  potent  that  the 
preparation  so  made  is  dangerous. 

Thus,  a  prescription  for  any  infusion,  save  digitalis,  and  senna  com- 
pound (those  for  which  recipes  are  given  in  the  National  Formulary),  or 
some  very  powerful  drug,  is  expected  to  be  compounded  by  the  pharma- 
cist according  to  the  general  formula.  Thus  a  prescription  for  1000  mils 
infusion  of  buchu  is  to  be  prepared  by  macerating  50  Gm.  of  the  bruised 
drug  with  1000  mils  boiling  water,  and  for  any  quantity  the  same  pro- 
portion of  buchu  to  boiling  water  (5  :  100)  is  to  be  preserved. 

INFUSUM  DIGITALIS— Infusion  of  DigitaUs 

(Inf.  Digit.) 

Condensed  Recipe. 

Inaredients. — Bruised  digitalis,  15  Gm. ;  cinnamon  water,  150  mils;  water,  enough 
to  make  a  hter. 

ManijmUUiofL — Potur  boiling  water  on  the  drug  and  macerate  one  hour.  Strain, 
add  the  cinnamon  ^ater  and  wash  strainer  with  enough  water  to  make  1  liter.  For 
details,  see  U.S.P.,  p.  227. 

Remarks, — ^Infusion  of  digitalis  contains  1^  per  cent,  of  digitalis 
leaves,  the  strength  of  which  is  exhausted  by  maceration  with  boiling 
water,  and  the  official  product  is  then  flavored  with  cinnamon  water. 

Dose. — 4  mils  (1  fluidrachm). 


IRFUSUM  SENNiB  COMPOSITTTM— Compound  Infusion  of  Senna 

(Inf.  Senn.  Co.) 

C<mdensed  Recipe. 

Injgredients. — Senna,  60  Gm.;  manna  and  magnesium  sulphate,  of  each,  120  Gm.; 
lennel,  20  Gm.;  water,  enough  to  make  1  liter. 

MamjruUUion. — Pour  800  mils  of  boilins  water  on  the  drugs!  Macerate  one- 
MK  hour,  strain,  dissolve  the  magnesium  sulphate  in  the  strained  infusion.  Lastly, 
add  enough  water  to  make  1  liter. 
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Remarks. — Compound  infusion  of  senna  is  that  old  and  popular 
remedy,  "senna,  manna,  and  salts,"  with  a  bit  of  fennel  added  for  flavor. 
Note  its  synonym — bUwk  draught;  this  must  not  be  confounded  with 
''black  drop''  (p.  256),  as  it  has  been  in  truth,  with  fatal  results. 

Dose. — 120  mils  (4  fluidounces). 

DOSES  OF  OFFICIAL  INFUSIONS 

4  mils  (1  fluidrachm) Infusion  of  digitalis. 

120  mils  (4  fluidounces) Infusion  of  senna  compound. 

INFUSIONS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


English  name 
or  synonym 


Ingredients 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Infusum  brayene. 
Infusum  cinchonse. 


Inftwum     gentiancB 
compositum. 


Infusum   pruni  Tir- 
giniancB. 


Infusum  roMB  com- 
positum. 


Infusion  of  kooso. 


Infusion   of   cin- 
chona. 


Compound  infu- 
sion of  gentian. 


Infusion  of  wUd 
cherry. 


Compound  infu- 
sion of  rose. 


Brayera,  60  Gm.;  boiling  water. 


Cinchona,  60  Gm.;  aromatic  sulphuric 
acid;  water. 


Gentian,  30  Gm.;  coriander;  bitter 
orange  peel:  diluted  alcohol.  Make  a 
tincture  ana  dilute  with  water. 

Wild  cherry,  40  Gm.;  glycerin;  water. 
Made  by  cold  percolation. 


Red    rose;     dOuted    sulphuric     acid; 
sugar;  boiling  water. 


Do  not  strain.  D099. 
—250  mils  (8  fluid- 
ounces). 

Made  by  oold  potso- 
lation.  DoM. — 50 
mils(12fiuidrachms) . 

Z>o«e.— 15  mils  (4  fiui- 
drachms). 


Was  recognised  in 
U.S.P.  Vfll.  Dose. 
--60  mils  (2  fluid- 
ounces). 

Chiefly  used  as  a  re- 
hide.  Dow, — 100 
mils  (3  fluidounces). 


DECOCTIONS 

These  are  liquids  made  by  boiling  the  drug  for  fifteen  minutes  or  longer 
vrith  water. 

The  boiling  should  not  be  carried  on  in  iron  vessels,  as  a  large  number 
of  drugs  from  which  decoctions  are  made  contain  tannin,  and  this,  com- 
bining with  iron,  forms  a  black  mixture  (ink).  In  Germany  and  other 
countries  where  the  decoctions  are  popular  they  are  prepared  in  special 
block-tin  vessels;  but  in  America,  where  the  decoctions  are  but  seldom 
prescribed,  an  enameled  dish  will  answer  the  purpose. 

The  present  pharmacopoeia  recognizes  no  specific  decoctions,  giving 
only  the  general  formula,  outlined  below. 

DECOCTA— Decoctions 

Condensed  Recipe. 

A  general  formula  directing  the  boiling  of  50  Gm.  of  coarselv  comminuted  drug 
with  1000  mils  of  water  for  fifteen  minutes.  Express,  strain  and  wash  strainer  wiin 
enough  cold  water  to  make  1  liter.    For  details,  see  U.S.P.,  p.  129. 

Remarks. — ^The  comments  made  regarding  the  general  formula  for 
infusions  apply  with  equal  force  at  this  place. 

The  two  decoctions  recognized  by  the  pharmacopoeia  of  1890  are 
worthy  of  the  mention  given  below. 

Decoctttm  Cetrarise  CU.S.P.  1890)  is  made  by  macerating  50  Gm.  cetraria  with 
400  mils  cold  water  for  a  half -hour  and  then  the  expressed  liquid  thrown  away.  The 
washed  cetraria  was  then  boiled  with  1000  mils  water  for  fifteen  minutes. 

Cetraria,  or  Iceland  moss,  contains  a  very  bitter  principle,  called  cetraric  acid,  as 
well  as  the  mucilage,  the  constituent  which  makes  the  decoction  a  nutritious  jelly. 
The  presence  of  this  bitter  principle  in  the  jelly  would  render  it  distasteful.  For- 
tunately, however,  cetraric  acid  is  soluble  in  cold  water,  and  for  this  reason  the  drug  is 
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first  macerated  in  cold  water,  in  which  the  cetraric  acid  will  dissolve,  this  bitter  liquid 
expressed  and  thrown  away;  then,  and  only  then,  can  the  cetraria  be  boiled  to  a  jelly, 
free  from  bitterness. 

Decoctum  Sarsaparilltt  Compositum  (U.S.P.  1890;  N.F.  IV)  made  b^  boiling  100 
Gm.  bruised  sarsaiMirilla  and  20  Gm.  guaiacum  wood  for  a  half-hour  with  1000  mils 
water,  then  adding  20  Gm.  sassafras  bark,  20  Gm.  slvcsrrrhiza,  and  10  Gm.  mesereum, 
and  letting  it  macerate  two  hours.  To  the  strained  liquid  enough  water  was  added  to 
make  100  mils. 

This  decoction,  rarelv  used  in  this  country,  is  popular  in  Germany  as  an  alterative. 
It  b  called  Zittmann's  decoction. 

TINCTURES 

Tinctures  are  alcoholto  solutions  of  non-volatile  svbstances  obtained  by 
extraction  of  drugs. 

An  exception  to  the  statement  ''alcoholic  solutions  of  non-volatile 
substances"  is  found  in  tincture  of  iodine.  The  active  ingredient  of  this 
is  the  volatile  solid,  iodine;  but  the  presence  of  potassium  iodide  which 
is  non-volatile  brings  the  tincture  practically  within  the  definition  given 
above. 

Tinctures  prepared  from  drugs  differ  from  fluidextracts  in  the  matter 
of  strength.  All  fluidextracts,  as^e  will  learn  later  (p.  238),  are  adjusted 
to  represent  a  100  per  cent,  product,  that  is,  100  misrepresent  the  active 
principles  of  100  Gm.  of  a  standard  drug,  while  the  tinctures  are  much 
weaker,  none  of  those  ofiBicial  being  stronger  than  50  per  cent.  The 
strength  of  tinctures  varies,  ranging  from  camphorated  tincture  of  opium, 
which  contains  but  0.4  of  1  per  cent,  opium,  its  active  ingredient,  to 
tincture  of  lactucarium  and  other  50  per  cent,  tinctures. 

The  following  table  gives  the  strength  of  every  tincture  recognized 
by  the  present  pharmacopoeia. 

STRENGTH  OF  OFFICIAL  TINCTURES 

0.4  of  1  per  cent.:  Tincture  of  opium,  camphorated.  0.4  of  1  per 
cent,  opium,  1.6  per  cent,  total  active  constituents. 

5  per  cent.:  Tincture  of  musk. 

7  per  cent.:  Tincture  of  iodine  (also  5  per  cent,  potassium  iodide). 

10  per  cent.:  Tinctures  of  aconite,  belladonna  leaves,  cannabis,  can- 
tharides,  capsicum,  colchicum  seed,  digitalis,  gelsemium,  hyoscyamus, 
kino,  lobelia,  nux  vomica,  opium,  deodorized  opium,  physostigma,  san- 
guinaria,  squill,  stramonium,  strophanthus,  and  veratrum  viride. 

15  per  cent.:  Tincture  of  cardamom. 

20  per  cent.:  Tinctures  of  arnica,  asafetida,  bitter  orange,  benzoin, 
calumba,  cinchona,  cinnamon,  ginger,  guaiac,  guaiac  ammoniated,  hy- 
drastis,  myrrh,  pyrethrum,  quassia,  tolu,  valerian,  and  valerian  am- 
moniated. 

50  per  cent.:  Tinctures  of  lactucarium,  lemon  peel,  and  sweet  orange 
peel. 

Some  official  tinctures  do  not  adapt  themselves  to  the  table  just  given, 
80  must  be  given  special  mention. 

Tinelure  of  does represents  10  per  cent,  aloes  and  10  per  cent. 

glycyrrhiza. 
^^''^wre  of  ferric  chloride represents   35  per   cent,   solution   of  ferric 

chloride  or  4.48  per  cent.  iron. 
i^weiwre  of  lavender ,  compound represents  0.8  per  cent,  oil  of  lavender  and 

5.5  per  cent,  total  active  constituents. 
Twdwe  ofrkvbarb represents  20  per  cent,  rhubarb  and4per  cent. 

cardamom. 
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The  remaining  official  tinctures  adjust  themselves  to  the  following 
table  of  strengths: 

Pereenloige  of  Prind-     PercentagB  of  Total 
Name  of  Tincture  pd  Constituent  Active  Constituents 

Tincture  qf  benzoin,  compound 10  per  cent.  24.0  per  cent. 

Tincture  of  eardamam,  compound 2  per  cent.  6.2  per  cent. 

Tincture  of  cinchonoj  compound 10  per  ceAt.  20.0  per  cent. 

Tincture  of  ganibir,  compound 6  per  cent.  7.6  per  cent. 

Tincture  of  gentian,  compound 10  per  cent.  15.0  per  cent. 

Tincture  of  rhubarb,  aromatic 20  per  cent.  30.0  per  cent. 

Explanatory  of  the  above,  let  it  be  said  that  by  "  principal  oonstita- 
ent"  is  meant  the  drug  giving  the  compound  tincture  its  name,  and  as 
to  "total  active  constituents"  these  will  be  enumerated  in  the  proper 
place. 

Attention  should  be  called  to  the  distinction  between  "represents'' 
and  "  contains;"  thus,  it  can  be  said  that  tincture  of  vanilla,  N.F.,  " repre- 
sents 10  per  cent,  vanilla  and  contains  20  per  cent,  sugar."  This  distinc- 
tion shoiild  alwa3rs  be  borne  in  mind  in  discussing  the  strength  of  liquid 
pharmaceuticals,  and  it  can  only  be  said  of  any  one  of  these  that  it  "con- 
tains" a  certain  percentage  of  a  drug  when  that  drug  is  completely  dis- 
solved in  the  liquid,  as  in  the  case  of  the  sugar  in  tincture  of  vanilla.  If 
the  drug  is  composed  of  vegetable  tissue  not  entirely  soluble  in  the  men- 
struum, as  in  the  case  of  the  vanilla,  then  the  tincture  does  not  "  contain  " 
10  per  cent,  vanilla,  but  merely  represents  the  active  principles  obtained 
from  10  per  cent,  vanilla  by  extraction.  There  is  another  clumsy  phase 
in  the  glib  statement  that  a  certain  tincture  is  10  per  cent.;  namely,  a 
true  10  per  cent,  preparation  is  one  in  which  all  the  ingredients  are 
weighed,  that  is,  represents  10  Gm.  of  drug  in  100  Gm.  of  the  finished 
product.  On  the  other  hand,  a  10  per  cent,  tinctiure  contains  the  activity 
of  10  Gm.  of  drug  in  100  mils  of  finished  tincture.  This,  however,  is  a 
question  of  splitting  hairs,  since  in  making  the  greater  number  of  the 
liquid  pharmaceuticals  of  the  pharmacopoeia  theisolids  are  weighed,  while 
the  preparation  is  finished  by  bringing  it  to  a  certain  volume.  Further 
attention  must  be  called  to  the  fact  that  the  ultimate  strength  of  many 
of  the  official  tinctures  is  not  based  on  percentage  of  drug  represented 
but  upon  its  chemical  or  biological  assay. 

Summing  up  the  table  of  strengths  of  tinctures,  we  have  one  5  per 
cent,  tincture  (two  including  gambir  compound),  one  7  per  cent,  tincture, 
one  15  per  cent,  tincture,  and  three  50  per  cent,  tinctures.  The  others 
are  10  per  cent,  or  20  per  cent.,  and  all  those  of  potent  drugs  are  10  per 
cent,  except  iodine.  Before  dismissing  the  question  of  the  strength  of 
tinctures,  mention  should  be  made  of  the  fact  that  tincture  of  kino  has 
been  changed  from  a  5  per  cent,  to  a  10  per  cent,  preparation. 

The  following  tables  give  lists  of  official  tinctures  arranged  according 
to  method  of  manufacture.  In  passing,  it  may  be  said  that  all  of  them 
are  galenic  preparations. 

OFFICIAL  TINCTURES  HADE  BT  SOLUTION  OR  DILUTION 

Preparation,  Solvent, 

Tincture  of  ferric  chloride Alcohol,  650  mils;  solution  of  ferric  chloride, 

350  mils. 
Tincture  of  iodine Alcohol,  approximately  950 mils; water  50 mils. 
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OFFICIAL  ilWCiURES  BIADB  BY  MACERATION 
MenHruum,  Preparation, 

Alcohol,  U.S.P Tincture  of  asafetida. 

Tincture  of  benzoin. 

Tincture  of  benzoin,  compound. 

Tincture  of  guaiac. 

Tincture  of  lemon  peel. 

Tincture  of  myrrh. 

Tincture  of  sweet  orange. 

Tincture  of  Tolu. 

.\lcohol,  750  mils:  water,  250  mils Tincture  of  lavender,  compoimd. 

Diluted  alcohol,  IJ.S.P Tincture  of  aloes. 

Tincture  of  gambir,  compound. 

Tincture  of  musk. 
Glycerin,    50  mils;   diluted   alcohol, 

950  mils Tincture  of  cardamom,  compound. 

Glycerin,   40   mils;    diluted    alcohol, 

950  mils Tincture  of  opium,  camphorated. 

Aromatic  spirit  of  ammonia Tincture  of  guaiac,  ammoniated. 

OFFICIAL  TINCTURE  MADE  BT  DIGBSTIOR  AND  MACERATION 

Menstruum,  Preparation. 

Water  500  mils ;  then  alcohol,  500  mils .  Tincture  of  kino. 

OFFICIAL  TINCTURES  BIADE  BT  PERCOLATION 

Menstruum.  Preparation, 

Alcohol,  U.BJP Tincture  of  cannabis. 

Tincture  of  ginger. 
Tincture  of  physostigma. 
Tincture  of  pyrethfum. 
Tincture  of  strophanthus. 
Tincture  of  veratrum  viride. 

Alcohol,  950  mils;  water,  500  mils Tincture  of  capisicum. 

Tincture  of  digitalis. 
Tincture  of  nux  vomica. 
Tincture  of  squill. 
Tincture  of  valerian. 

water,  250  mils 

water,  300  mils Tincture  of  aconite. 

water,  333  mils Tincture  of  hydrastis. 

water,  350  mils Tincture  of  gelsemium. 

water,  400  mils Tincture  of  bitter  orange. 

Tincture  of  calumba. 
Tincture  of  colchicum  seed. 

DUuted  alcohol,  U.S.P Tincture  of  arnica.     .  > 

Tincture  of  belladonna  leaves. 
Tincture  of  cardamom. 
Tincture  of  hyoscyamus. 
Tincture  of  lobelia. 
Tincture  of  opium. 
Tincture  of  stramonium. 

Alcohol,  333  mils;  water,  066  mils Tincture  of  ouassia. 

Alcohol,  200  mils;  water,  800  mils Tincture  of  deodorized  opium. 

Glycerin,  75  mils;  alcohol,  676  mils; 

water,  250  mils Tincture  of  cinchona. 

Tincture  of  cinchona,  compound. 
Tincture  of  cinnamon. 
Glycerin,  250  mils;  alcohol,  500  mils; 

water,  250  mils Tincture  of  lactucarium 

Glycerin,  100  mils;  alcohol,  500  mils; 

water,  400  mils Tincture  of  gentian,  compound. 

Tincture  of  mubarb. 
_  Tincture  of  rhubarb,  aromatic. 

Hydrochloric  acid,  20  mils;  alcohol, 

600  mils;  water.  400  mils Tincture  of  sanguinaria. 

Aromatic  spirit  of  ammonia Tincture  of  valerian,  am 


Alcohol,  750  mils 
Alcohol,  700  mils 
Alcohol,  666  mils 
Alcohol,  650  mils 
Alcohol,  600  mils 


ammoniated. 
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OFFICIAL  TINCTURE  UADE  BY  DIGESTION  AND  PERCOLATION 

Menstruum.  Preparation. 

Alcohol,  U.S.P Tincture  of  cantharides. 

As  to  the  three  methods  of  preparing  tinctures  given  in  the  table,  no 
better  explanation  can  be  given  than  that  provided  in  the  general  formula 
which  is  provided  in  the  present  pharmacopcBia,  which  the  student  should 
carefully  read. 

In  percolating  tinctures  containing  glycerin  it  is  customary  to  use  the 
menstruum  specified  above  as  a  primal  menstruum  and  at  the  end  of  the 
process  to  use  mixtures  of  alcohol  and  water. 

XmCTURiE— Tinctures 

Condensed  Recipe. 

This  is  a  general  formula  outlining  the  manufacture  of  tinctures  by  percolation 
and  by  maceration.     For  details,  see  U.S. P.,  p.  444. 

Remarks. — Tinctures  are  prepared  by  maceration  only  when  percola- 
tion is  not  advisable.  This  is  the  case  with  a  resinous  drug  which  if 
packed  in  a  percolator  and  treated  with  alcohol  would  become  a  sticky 
mass,  clogging  the  percolator.  With  such  a  drug  percolation  is  only 
possible,  if  it  is  mixed  with  more  than  its  own  weight  of  clean  dry  sand. 
As  to  the  choice  of  menstrua,  this  was  already  discussed  on  p.  162,  so 
here  it  need  only  be  said,  on  comparison  of  the  above  table  of  menstrua 
with  the  discussion  of  the  chemical  constituents  of  the  drugs  employed, 
found  in  Part  IV.,  it  will  be  usually  found  that  the  drugs  requiring  strong 
alcohol  for  extraction  are  those  grouped  among  resins,  gum-resins,  oleo- 
resinous,  or  volatile  oil  drugs;  that  those  extracted  with  glycerinic  men- 
struum are  tannin-bearing  drugs;  that  those  having  acetic  acid  in  the 
menstruum  are  drugs  containing  volatile  alkaloids;  while  the  ordinary 
drug  containing  glucosides,  neutral  principles,  or  stable  alkaloids  are 
extracted  with  alcohol  more  or  less  diluted  with  water. 

There  are  64  tinctures  recognized  by  the  present  pharmacopoeia — 
10  less  than  were  recognized  by  U.S.P.  VIII. 

SPECIAL  NOTES  ON  OFFICIAL  TINCTURES 

TINCTURA  ACONITI— Tincture  of  Aconite 
(Tn  Aconit — Aconiti  tinctura  P.I.) 

One  hundred  mils  of  Tincture  of  Aconite  yields  not  less  than  0.045  Gm.  nor  more 
than  0.055  Gm.  of  the  ether-soluble  alkaloids  of  aconite.     If  assayed  biologically  the 
minimum  lethal  dose  should  not  be  greater  than  0.0004  mil  for  each  gramme  of  body 
weight  of  guinea-pig. 
Condensed  Recipe. 

Moisten  100  Gm.  of  drug  in  No.  00  powder  with  a  sufficient  amoimt  of  the  men- 
struum—alcohol, 7  volumes;  water,  3  volumes;  macerate  for  six  hours  before  and 
twenty-four  hours  after  packing  and  percolate  until  950  mils  of  tincture  are  obtained. 
A  part  of  this  is  assaved  and  the  rest  is  adjusted  to  the  official  alkaloidal  strength 
(0.045  to  0.055  Gm.  alkaloids)  by  addition  of  the  menstruum  mentioned  above.  For 
details,  see  Type  Process,  P,  as  modified  for  assayed  tinctures,  U.S.P.,  p.  444. 

Remarks. — The  assay  of  this  tincture  will  be  explained  in  Chapter 
LV.     It  should  contain  *Kooo  to  ^^ooo  oi  1  per  cent,  aconitine. 
Dose. — 0.3  mil  (5  minims). 

TINCTURA  ALOES— Tincture  of  Aloes 

(Tr.  Aloes) 

Condensed  Recipe. 

Aloes  (100  Gm.)  and  glycyrrhiza  (200  Gm.)  are  macerated  with  diluted  alcohol 
for  three  days.  The  mixture  is  then  filtered  and  the  filter  washed  with  enough  diluted 
alcohol  to  make  1  liter.     For  details,  see  Type  Process  M,  U.S.P.,  p.  445. 
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Remarks, — This  represents,  besides  the  chief  ingredient,  20  per  cent, 
licorice  root.  Note  that  this  and  all  tinctures  prepared  by  maceration 
are  directed  to  be  filtered  either  through  absorbent  cotton  or  through  a 
plain  filter,  plaited  filters  not  being  advised. 

Dose, — 2  mils  (30  minims). 

TmCTURA  ARNICiE— Tincture  of  Arnica 

(Tr,  Amic.) 

Condensed  Recipe. 

Arnica  (200  Gm.)  is  percolated  with  diluted  alcohol  until  250  mils  of  percolate 
are  obtained.  Then  macerate  for  twenty-four  hours  and  then  percolate  another 
250  mils  of  tincture.  Continue  this  interrupted  percolation  until  a  liter  of  tincture 
is  obtained.     For  details,  see  TJ.S.P.,  p.  446. 

Remarks. — This  preparation  was  called  tincture  of  arnica  flowers  by 
the  pharmacopceia  of  1890,  since  at  that  time  a  tincture  of  arniai  root  was 
official.  It  ^nll  be  noted  that  the  official  recipe  given  above  directs 
interrupted  percolation;  that  is,  the  percolation  is  stopped  three  times  in 
order  to  permit  new  portions  of  menstruum  (diluted  alcohol)  to  act  by- 
maceration  upon  the  partly  extracted  drug.  In  U.S.P.  VIII,  fractional 
maceration  followed  by  expression  was  employed — ^a  wise  provision  since 
the  drug  is  very  bulky  and  highly  absorbent;  hence  percolation  means  a 
large  waste  of  menstruum,  unless  the  marc  is  expressed.  The  popularity 
of  tincture  of  arnica  as  a  vulnerary  is  well  known.  It  is  rarely  given 
internally. 

Dose, — 1  mil  (15  minims). 

TmCTURA  ASAFCETIDiB— Tincture  of  Asaf etida 

(Tn  Asafoet) 

Condensed  Recipe. 

Made  by  maceration  of  asaf  etida  with  alcohol.  Strength,  20  per  cent.  Details 
as  in  making  tincture  of  aloes. 

Dose. — 1  mil  (15  minims). 

TXNCTTTRA  AURANTII  AMARI— Tincture  of  Bitter  Orange  Peel 

(Tr.  Aurant  Amar.) 

Condensed  Recipe. 

Moisten  200  Gm.  of  drug  in  No.  40  powder  with  a  sufficient  amount  of  the  men- 
tnium  alcohol,  600  mils;  water,  400  mils;  macerate  six  hours  before  and  twenty-four 
houn  after  packing  and  then  percolate  to  1000  mils.  For  details,  see  Tjrpe  Ftocess 
P.,  U.S.P.,  p.  444. 


Dose.^4  mils  (1  fluidrachm). 

TXNCTTTRA  AURAITTn  DULCIS— Tincture  of  Sweet  Orange  Peel 

(Tr.  Aurant.  Dulc.) 

Condensed  Redpe. 

Five  hundred  grammes  freshly  grated  sweet  orange  peel  and  macerated  with  1000 
mils  of  alcohol  for  three  days,  after  which  the  mixture  is  filtered  through  punfied 
cotton,  the  filter  being  washed  with  enough  alcohol  to  make  1  liter.  For  details, 
see  U.S.P.,  p.  223. 

Remarks. — This  tincture  is  a  pleasant  flavor,  more  like  a  spirit  than 
a  tincture. 

Dose.— 4  mils  (1  fluidrachm). 
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TmCTURA  BELLADONNiE   FOLIORUM— Tincture    of  BeUadomia 

Leaves 

(Tr.  Bellad.  FoL) 

Condensed  Recipe, 

Moisten  100  Gm.  of  drug  in  No.  00  powder  with  the  menstruum;  macerate  and 
percolate  to  1000  mils.     Details  as  in  making  tincture  of  aconite. 

Remarks. — For  the  assay  of  this  tincture,  see  Chapter  LV.    It  should 

contain  ^J^ooo  to  ^Kooo  of  1  P^r  c^J^*-  of  mydriatic  alkaloids. 
Dose,— 0,75  mils  (12  minims). 

TINCTURA  BENZOnn— Tincture  of  Benzoin 

(Tr.  Benz.) 

Condensed  Recive. 

Macerate  2u0  Gm.  of  benzoin  in  No.  40  powder  with  enough  alcohol  to  make 
1000  mils.     Details  as  in  making  tincture  of  au>e8. 

Remarks, — Tincture  of  benzoin  is  now  used  largely  in  steam  inhalers 
for  bronchial  troubles. 

Dose. — 1  mil  (15  minims). 

TINCTURA  BENZOINI COMPOSIT A— Compound  Tincture  of  Benzoin 

(Tr.  Benz.  Co.) 

Condensed  Recipe. 

Ingredients. — Benzoin,  100  Gm.;  aloes,  20  Gm.;  storax,  80  Gm.;  balsam  of  tolu, 
40  Gm.;  alcohol,  enough  to  make  1  liter. 

ManipiUation. — Macerate  as  in  making  tincture  of  aloes. 

Remarks. — This  useful  preparation  is  similar  to,  but  not  identical 
with,  the  old-time  proprietaries:  friars'  balsam,  Turlington's  balsam, 
elixir  commendaioris,  or  baume  de  commandeur.  The  latter  product  con- 
tained balsam  of  Peru,  myrrh,  and  angelica  root,  in  addition  to  the  in- 
gredients of  the  official  tincture*  A  recipe  for  the  true  friars'  balsam  is 
found  in  the  National  Formulary,  but  it  is  usually  the  custom  in  this 
coimtry  to  dispense  compound  tincture  of  benzoin  on  calls  for  the  prepara- 
tions whose  synonyms  have  just  been  given. 

Dose. — 2  mils  (30  minims). 

TINCTURA  CALUMBiE— Tincture  of  Calumba 

(Tr.  Calum.) 

Condensed  Recipe, 

Moisten  200  Gm.  drug  in  No.  20  powder  with  the  menstrum — 600  mils  of  alcohol; 
400  mils  of  water — ^macerate  and  then  percolate  to  1000  mils.  Details  as  in  making 
tincture  of  bitter  orange  peel. 

Dose.— 4  mils  (1  fluidrachm). 


TINCTURA  CANNABIS— Tincture  of  Cannabis 

(Tr.  Cannab.) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  No.  40  powder  with  the  menstruum — alcohol 
U.S.P.;  macerate  and  then  percolate  to  1000  mils.  Details  as  in  making  tincture 
of  bitter  orange  peel. 

Remxirks. — This  was  called  tincture  of  cannabis  indica  in  U.S.P.  VIII, 
as  in  that  standard  only  Indian  hemp  could  be  employed.  In  the  pres- 
ent pharmacopoeia  (see  p.  760),  American  as  well  as  Indian  hemp,  is 
included  under  the  title  "cannabis.''  Note  that  the  tincture  is  to  be 
physiologically  assayed.     (See  Chapter  LV.) 

Dose, — 0.75  mil  (12  minims). 
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TINCTXJRA  CANTHARlbiS— Tincture  of  Cantharides 
(Tr,  Canthar. — Cantharidis  tinctura  P.  I.) 

^^ondensed  Recipe,  « 

Csknthaiides  (100  Gm.)  is  digested  with  alcohol  in  a  strong  tin  container  provided 
with  a  safety  tube  for  twenty-four  hours  between  60°  and  55**C.  The  mixture  is 
then  percolated  with  alcohol  until  1  liter  of  tincture  is  obtained.  For  details,  see 
I.S.P.,  p.  450. 

Remarks. — ^The  object  of  digestion  prior  to  percolation  is  to  insure 
eomplete  extraction  of  the  cantharidin.  The  use  of  the  tincture  as  a 
Bcalp  stimulator  in  hair  dressings  is  well  known. 

Dose. — 0.1  mil  (13^  minims). 

TINCTURA  CAPSICI— Tincture  of  Capsicum 

(*rr.  Capsic.) 

Condensed  Recipe.  ^ 

Moisten  100  Gm.  of  the  drug  in  No.  50  powder  with  the  menstruum — 050  mils 
alcohol;  50  mils  water;  macerate  and  then  percolate  to  1000  mils.  Details  as  in 
making  tincture  of  aconite. 

Dose. — 0.5  mil  (8  minims). 

TmCTURA  CARDAMOMI— Tincture  of  Cardamom 

(Tr.  Cardam.) 

^  'ondensed  Recipe. 

Moisten  150  Gm.  of  cardamom  seed  in  No.  40  powder  with  the  menstruum — 
diluted  alcohol  (U.S.P.);  macerate  and  then  percolate  to  1000  mils.  Details  as  in 
Tnaking  tincture  of  bitter  orange  peel. 

Dose. — 2  mils  (30  minims). 

TmCTURA    CARDAMOMI    COMPOSITA— Compound   Tincture    of 

Cardamom 

(Tr.  Cardam  Co.) 

Condensed  Recipe. 

Macerate  20  Gm.  cardamon  seed;  25  Gm.  Saigon  cinnamon:  12  Gm.  caraway, 
and  5  Gm.  cochineal,  with  the  menstruum — glycerin,  50  mils;  ailuted  alcohol,  950 
mils;  finally  using  enough  diluted  alcohol  to  make  1000  mils.  Details  as  in  making 
tincture  of  aloes. 

Remarks. — A  mnemonic  for  the  active  constituents  of  this  compound 
tmcture  are  the  four  C's: 

ardamom 
innamon 
araway 
ochineal 

This  bright-red  liquid— the  color  due  to  the  cochineal — is  a  pleasant 
aromatic  and  carminative. 

Dose. — 4  mils  (1  fluidrachm). 

TmCTURA  CINCHONiE— Tincture  of  Cinchona 

(Tr.  Cinch.) 

One  hundred  mils  of  Tincture  of  Cinchona  yields  not  less  than  0.8  Gm.  nor  more 
than  1.0  Gm.  of  the  total  alkaloids  of  cinchona. 
Condensed  Recipe. 

Cinchona  (200  Gm.)  is  percolated  with  a  primal  menstruum  consisting  of  75  mils 
of  glycerin,  675  mils  of  alcohol  and  250  mils  of  water,  completing  the  i>ercolation  with 
a  mixture  of  two  volumes  of  alcohol  and  one  volume  of  water.     Details  as  in  making 
tmcture  of  aconite. 
16 
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For  Assay,  see  U.S.P.,  p.  451  and  also  Chapter  LV. 

Remarks. — In  this  case,  the  percolation  differs  from  that  in  making 
tincture  of  aconite,  since  the  same  menstruum  is  not  used  through  the 
entire  process.  That  is,  in  making  a  Uter  of  tincture,  when,  after  the 
liter  of  glycerinic  menstruum  is  used  up  (for,  bear  in  mind,  more  than 
one  liter  of  menstruum  has  to  be  used  to  get  a  liter  of  percolate),  the 
percolation  is  continued  with  a  mixture  of  alcohol  and  water  (hydro- 
alcohoUc  menstruum)  until  the  Uter  of  finished  product  is  obtained. 
Since  this  statement  is  applied  to  all  tinctures  made  by  percolation  of 
drug  with  glycerinic  menstruum,  the  above  recipe  is  typical. 

The  pharmacopoeial  assay  for  this  tincture  is  given  in  Chapter  LV. 
It  should  contain  0.8  to  1.0  per  cent,  of  total  cinchona  alkaloids. 

I>o«e.— 4  mils  (1  fluidrachm). 


TINCTURA  CmCHONiE  COMPOSITA— Compound  Tincture  of  Cin- 
chona 
(Tr.  Cinch.  Co.) 

Condensed  Recipe. 

Moisten  100  Gm.  red  cinchona,  80  Gm.  bitter  oranee  peel,  and  20  Gm.  serpentaria, 
with  the  same  menstruum  used  in  making  tincture  of  cmchona,  and  proceed  to  per- 
colate to  1000  mils,  as  in  making  the  latter  tincture. 

Remarks. — This  is  sometimes  called  Huxham's  tincture  of  bark,  and 
is  a  valuable  tonic.  It  should  not  be  dispensed  with  iron  preparations, 
since  the  cinchotannic  acid  present  in  the  bark  reacts  with  iron  to  form 
an  inky  mixture. 

Dose. — 4  mils  (1  fluidrachm). 


XmCTURA  CINNAMOMI— Tincture  of  Cinnamon 

(Tr.  Cinnam.) 

Condensed  Recipe. 

Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  the  menstruum,  the  same 
as  used  in  the  cinchona  tinctures;  macerate  and  proceed  to  make  1000  mils  tincture 
by  percolation,  as  in  making  tincture  of  cinchona. 

Dose. — 2  mils  (30  minims). 

TINCTURA  COLCmCI  SEMINIS— Tincture  of  Colchicum  Seed 

(Tr.  Colch.  Sem.) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  a  No.  50  powder  with  the  menstruum — ^alcohol, 
600  mils;  water,  400  mils;  macerate  and  then  percolate  to  1000  mils.  Details  as  in 
making  tincture  of  aconite. 

Remarks. — The  assay  of  this  tincture  will  be  found  in  Chapter  LV. 
It  should  contain  from  ^%ooo  to  *^ooo  of  1  per  cent,  of  colchicine. 
Dose. — 2  mils  (30  minims). 

TINCTURA  DIGITALIS— Tincture  of  DigitaUs 

(Tr.  Digit) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  the  menstruum — alcohol, 
750  mils;  water,  250  mils;  macerate  and  then  percolate  to  1000  mils.  Details  as  in 
making  tincture  of  bitter  orange  peel. 

Remarks. — The  tincture  of  digitalis  contains  an  appreciable  amount 
of  fat  naturally  existing  in  the  leaves,  and  of  late  years  efforts  have  been 
made  to  introduce  the  so-called  fat-tree  tincture  of  digitalis.    Such  a 
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incture  is  prepared  by  first  removing  the  fat  from  the  drug  by  percola- 
ion  with  chloroform.    Note  that  the  tincture  may  be  biologically  as- 
ayed.    (See  Chapter  LV.) 
Dose, — 0.6  mil  (8  minims). 

TmCTURA  PERRI  CHLORIDI— Tincture  of  Ferric  Chloride 

This  preparation  can  best  be  discussed  among  the  salts  of  iron.  (See 
).  510.) 

rmCTURA  GAMBm  COMPOSITA— Compound  Tincture  of  Gambir 

(Tr.  Gambir  Co.) 

Condensed  Recipe. 

Macerate  50  Gm.  gambir  and  25  Gm.  Saigon  cinnamon  both  in  a  No.  50  pK>wder, 
irith  enough  diluted  alcohol  to  make  1000  mils  tincture.  Details  as  in  making  tincture 
of  aloes. 

Remarks. — This  official  replaces  the  formerly  official  tincture  of 
calechuy  being  identical  with  it,  save  the  use  of  pale  catechu  (gambir), 
instead  of  the  catechu  from  the  plant  Acacia  catechu.     (See  p.  719.) 


Dose. — 4  mils  (1  fluidrachm). 

TINCTURA  GELSEMn— Tincture  of  Gelsemium 

(Tr.  Gelsem.) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  a  No.  00  powder  with  the  menstruum — alcohol, 
650  mils;  water,  350  mils;  macerate  and  then  percolate  to  1000  mils.  Details  as  in 
making  tincture  of  bitter  orange  peel. 

Dose. — 0.25  mils  (4  minims). 

TINCTURA  GENTIANiE  COMPOSITA— Compound  Tincture  of  Gen- 
tian 

(Tr.  Gentian  Co.) 

Condensed  Reevoe. 

Moisten  100  Gm.  gentian,  40  Gm.  bitter  orange  peel,  and  10  Gm.  cardamon  seed 
all  in  a  No.  40  powder,  with  the  menstruum — glycerm,  100  mils;  alcohol,  600  mils- 
water,  400  mils:  macerate  and  then  percolate,  using  diluted  alcohol  as  the  last  mens; 
>truum.    Details  as  in  making  tincture  of  bitter  orange  peel. 


Dose. — 4  mils  (1  fluidrachm). 

TINCTURA  GUAIACI— Tincture  of  Guaiac 

(Tr.  Guaiac) 

Condensed  Recife, 

Macerate  200  Gm.  of  the  drug  in  a  No.  40  powder  with  enough  alcohol  (U.8.P.) 
to  make  1000  mils  of  the  tincture.     Details  as  m  making  tincture  of  aloes. 

Do«€.— 4  mils  (1  fluidrachm). 

TINCTURA  GUAIACI  AMMONIATA— Ammoniated  Tincture  of  Guaiac 

(Tr.  Guaiac.    Ammon.) 

Condensed  Recive. 

Macerate  200  Gm.  ^aiac  in  a  No.  40  powder  with  enough  aromatic  spirit  of  am- 
monia to  make  1000  mils  of  finished  tincture.     Details  as  in  making  tincture  of  aloes. 

Dose.— 2  mils  (30  minims). 
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TmCTURA  HYDRASTIS— Tincture  of  Hydrastis 

(Tr.  Hydrast) 

Condensed  Recipe, 

Moisten  200  Gm.  of  the  drug  in  a  No.  60  powder  with  the  menstruum — 666 
mils  alcohol;  333  mils  water;  macerate  and  then  percolate  to  1000  mils.  Details  as 
in  making  tincture  of  aconite. 

Remarks. — The  pharmacopoeial  assay  of  this  tincture  will  be  given 
in  Chapter  LV.  It  should  contain  from  ^Koo  to  *^oo  of  1  per  cent,  of 
ether-soluble  alkaloids. 


Dose. — 4  mils  (1  fluidrachm). 

TmCTURA  HYOSCYAMI— Tincture  of  Hyoscyamus 

(Tr.  Hyoscy.) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  the  menstruum^-diluted 
alcohol  (U.S.P.)^  macerate  and  then  percolate  to  1000  mils.  Details  as  in  making 
tincture  of  aconite. 

Remarks. — The  pharmacopceial  assay  of  this  tincture  will  be  given 
in  Chapter  LV.  It  should  contain  from  ^^oooo  to  '^Koooo  of  1  per  cent, 
of  mydriatic  alkaloids. 

Dose. — 2  mils  (30  minims). 

TINCTURA  lODI— Tincture  of  Iodine 

This  important  official  will  be  discussed  under  Iodine  (p.  379). 

TINCTURA  KINO— Tincture  of  Kino 

(Tr.  Kino) 

Condensed  Recipe. 

Pour  boiling  water  on  100  Gm.  of  kino  and  then  heat  on  a  water-bath  for  one  hour. 
Then  add  enough  water  to  make  600  mils  and  also  500  mils  of  alcohol.  Macerate 
mixture,  decant  and  strain.     For  details,  see  U.S. P.,  p.  458.  | 

Remarks. — The  tincture  of  kino  of  the  former  pharmacopoeias  had  to 
be  kept  in  small  wellnstoppered  and  co;npletely  filled  bottles;  else  it 
gelatinized.  It  has  been  found  that  this  gelatinization  was  due  to  an 
enzyme,  which  can  be  destroyed  by  heat,  hence  the  direction  in  the  pres- 
ent recipe  to  heat  the  drug  with  water  on  a  water-bath  for  an  hour.  The 
infusion  (or  decoction)  thus  prepared  is  then  mixed  with  alcohol. 

Dose. — 4  mils  (1  fluidrachm). 

TINCTURA  LACTUCARn— Tincture  of  Lactucarium 

(Tr.  Lactucar.) 

Condensed  Recipe. 

Ingrediente. — Lactucarium,  500  Gm.;  glycerin,  250  mils;  alcohol,  purified  petro- 
leum benzin,  diluted  alcohol,  water,  of  these  enough  to  make  1  liter. 

Manipmolion. — Extract  the  lactucarium  with  the  benzin  by  maceration,  filter 
off  the  benzin,  dry  the  residual  lactucarium  in  a  current  of  air,  then  percolate  it  to 
exhaustion  first  with  the  glycerin  mixed  with  250  mils  of  water  and  500  mils  of  alcohol 
and  latterly  with  diluted  alcohol.  Reserve  the  first  750  mils  of  percolate,  evaporate 
the  rest  to  250  mils  and  mix  it  with  the  reserved  portion.  Lastly  filter  ana  wash 
fiilter  with  enough  diluted  alcohol  to  make  1  liter. 

Remarks. — Tincture  of  lactucarium  is  interesting  in  that  the  lactu- 
carium is  first  washed  with  petroleum  benzin  to  remove  the  rubber-Uke, 
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inert  substance  it  contains.  Be  sure  that  the  benzin  used  is  of  pharma- 
copoeial  purity,  as  commercial  benzin  is  too  impure  for  pharmacopoeial 
purposes.     (See  p*  577.) 

Note  that  the  drug  is  not  easily  exhausted  with  the  menstruum  em- 
ployed, and  that  in  maldng  1000  mils,  the  first  750  mils  of  percolate  is 
reserved  and  the  rest  of  the  percolate  evaporated,  similar  to  making 
fluidextracts. 

Dose, — 2  mils  (30  minims). 

TmCTURA    LAVANDULiE    COMPOSITA— Compound    Tincture    of 

Lavender 

(Tr.  Lavand.  Co.) 

Condensed  Recipe, 

Macerate  20  Gm.  Saigoa  cinnamon :  5  Gm.  clove;  10  Gm.  myristica  and  10  Gni.  red 
SaunderSyWith  the  menstruum — ^iJcohoi,  750  mils  ;oil  of  lavender,  8  mils;  oil  of  rosemary. 
2  mils:  water,  250  mils.  Complete  the  preparation  with  a  menstruum  consisting  ot 
alcohol  750  mils;  water  250  mils.     Details  as  in  making  tincture  of  aloes. 

Remarks, — This  tincture  is  sometimes  called  "red  lavender,"  because 
of  its  brilliant  color,  due  to  the  red  saunders,  it  contains.  It  is  reputed 
good  in  "heart  trouble,"  although,  in  truth,  its  only  value  is  to  relieve 
flatulence. 

Dose, — 2  mils  (30  minims). 

TINCTURA  LIMONIS  CORTICIS— Tincture  of  Lemon  Peel 

(Tr.  Limon.  Cort.) 

Condensed  Recipe. 

This  is  a  50  per  cent,  alcoholic  extract  of  fresh  lemon  peel,  made  exactly  as 
tincture  of  sweet  orange  peel. 

Remarks. — Tincture  of  lemon  peel  replaces  spirit  of  lemon  of  the  phar- 
macopoeia of  1890.     It  is  used  entirely  as  a  flavor,  hence  no  dose  is  given. 

TINCTURA  LOBELIS— Tincture  of  Lobelia 

(Tr.  Lobel.) 

Condensed  Recive, 

Moisten  100  Gm.  of  the  drug  in  a  No.  50  powder  with  the  menstruum — diluted 
alcohol  (U.S. P.);  macerate  and  then  percolate  to  1000  mils.  Details  as  in  making 
tincture  of  bitter  orange  peel. 

Dose, — 1  mil  (16  minims). 

TINCTURA  MOSCm— Tincture  of  Musk 

(Tr.  Mosch.) 

Condensed  Recipe, 

Jnaredienis, — Musk,  5  Gm.;  alcohol  45  mils;  water,  45  mils;  diluted  alcohol  enough 
to  make  100  mils. 

Manipulation. — Triturate  the  musk  with  the  water  to  a  smooth  paste.  Bottle 
this  macerate  twenty-four  hours  without  and  six  days  with*  the  alcohol.  Filter 
mixture  and  wash  filter  with  enough  diluted  alcohol  to  make  100  mils. 

Remarks. — ^As  seen  in  the  recipe  given  above,  this  tincture  is  made 
by  rubbing  musk  with  water,  adding  alcohol,  filtering,  and  washing  resi- 
due with  diluted  alcohol. 

It  contains  5  per  cent,  of  musk  and  should  be  prepared  with  the  ut- 
most care,  for  when  it  is  required,  a  fine  quality  is  absolutely  essential, 
it  being  used  chiefly  as  a  stimulant  in  extreme  cases  of  pneumonia. 

Dose, — i  mils  (1  fluidrachm). 
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TINCTURA  MYRRttfi— Tincture  of  Myrrh 

(Tr,  Myrrh) 

Condensed  Recipe. 

Macerate  200  Gm.  of  the  drag  in  a  moderately  coarse  powder  with  enough 
menstruum — alcohol  (U.S.P.) — ^to  make  1000  mils.  Details  as  in  making  tincture 
of  aloes. 

Remarks. — Myrrh  (see  p.  777)  contains  a  larger  percentage  of  gummy 
matter  than  asafetida,  and  this  gum,  which  does  not  dissolve  in  the  strong 
alcoholic  menstruum  and  which  is  left  on  the  filter,  after  making  the 
tincture,  has  been  suggested  as  a  source  of  label  mucilage. 

The  tincture  is  used  considerably  in  mouth-washes  and  is  not  often 
given  internally. 

Dose. — 1  mil  (15  minims). 

TINCTURA  NUCIS  VOMICAE— Tincture  of  Nux  Vomica 

(Tr.  Nux  Vom.) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  a  No.  40  powder,  with  the  menstruum — alcohol, 
750  mils;  water,  250  mils;  macerate  and  then  percolate  (not  faster  than  10  drops  a 
minute)  to  1000  mils.     Details  as  in  making  tincture  of  aconite. 

For  Assay,  see  Chapter  LV. 

Remarks. — In  the  above  recipne,  the  pharmacopoeia  goes  back  to  the 
original  process  of  preparing  the  tincture  from  the  drug  after  two  decades 
of  preparing  it  from  the  solid  extract.  The  Brussels  Conference  (p.  19) 
dubbed  the  preparation  strychni  tinctura,  P.I. 

Dose. — 0.6  mil  (8  minims). 

TINCTURA  OPII— Tincture  of  Opium 
(Tr.  Opii — ^Laudanum — Opii  tinctura  P.I.) 

One  hundred  mUe  of  Tincture  of  Opium  yields  not  less  than  0.05  Gm.  nor  more 
than  1.05  Gm.  of  anhydrous  morphine. 
Condensed  Recipe. 

Inaredients. — Granulated  opium,  100  Gm."5  alcohol;  water;  diluted  alcohol,  enough 
to  make  1  liter. 

Manipidaiion. — Four  himdred  mils  of  boiling  water  are  poured  upon  the  opium 
and  the  mixture  is  macerated  for  twelve  hours.  Four  hunared  mils  of  alcohol  are 
then  added  and  the  mixture  is  macerated  for  forty-^ight  hours,  after  which  it  is  trans- 
ferred to  a  percolator.  After  the  liauid  has  drained  off,  the  percolation  is  continued 
until  950  mils  of  tincture  are  obtained.  This  is  then  assayed  and  treated  as  in  making 
tincture  of  aconite.     (For  details,  see  U.S.P.,  p.  462. 

Remarks. — Note  that  this  tincture — called  laudanum,  tinctura  the^ 
haica,  etc. — is  directed  to  be  made  from  granulated  opium,  not  from  the 
gum,  as  some  druggists  prepare  it.  Bear  in  mind  that  gum  opium  is 
weaker  than  granulated  opium  and  that  a  preparation  made  from  it  will 
be  deficient  in  strength  unless  a  proportionally  large  amount  is  employed. 

It  will  be  noted  that  the  recipe  just  given  directs  that  the  opium  be 
macerated  with  hot  water  during  twelve  hours,  after  which  there  is  added 
to  the  then  cold  mixture  a  volume  of  alcohol  equal  to  the  volume  of 
water  originally  used.  The  mixture  is  then  transferred  to  a  percolator; 
diluted  alcohol  being  used  as  the  final  menstruum. 

Dose. — 0.5  mils  (8  minims). 

TINCTURA  OPn  CAMPHORATA— Camphorated  Tincture  of  Opium 

(Tr.  Opii  Camph.) 

Condensed  Recipe. 

Ma<;erate  4  Gm.  powdered  opium;  4  Gm.  benzoic  acid;  4  Gm.  camphor  and  4 
mils  of  oil  of  anise  with  the  menstruum — glycerin,  40  mils;  diluted  alcohol,  950  mils. 
Complete  the  preparation  with  diluted  alccmoL  Details  as  in  making  tincture  of  aloes. 
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Remarks. — This  popular  ofBcial  is  commonly  called  paregoric,  the 
latter  word  meaning  "soothing,"  the  tincture  being  originally  called 
"elixir  paragoricus,"  soothing  elixir.  The  synonym  given  it  by  the 
Brussels  Conference  was  opti  tindura  hemoiei  P.I.  Note  that  it  contains 
0.4  of  1  per  cent,  of  opium  and  that  it  is  a  constituent  of  brown  mixture 
(p.  257). 

Doee, — 4  mils  (1  fluidrachm). 

TINCTURA  OPn  DEODORATI— Tincture  of  Deodorized  Opium 

(Tr.  Opii  Deod.) 

On£  hundred  mils  of  Tincture  of  Deodorized  Opium  yields  not  less  than  0.05  Gm. 
nor  more  than  1.05  Gm.  of  anhydrous  morphine. 
Condensed  Recipe, 

Jngredienls. — Granulated  opium,  100  Gm.;  alcohol.  200  mils;  water,  enough  to 
make  1000  mils.     Purified  petroleiun  benzin  used  for  "snaking  out.'' 

Manipulation. — Upon  tne  opium,  500  mils  of  boiling  water  are  poured  and  after 
twenty-four  hours  maceration,  the  mixture  is  percolated  with  water  to  exhaustion. 
The  percolate  is  concentrated  on  a  water-bath  to  150  mils  and  after  cooling  is  shaken 
out  with  two  portions  of  benzin.  From  the  aqueous  liquid  so  treated  the  odor  of 
benzin  is  removed  by  spontaneous  evaporation  and  latterly  by  the  heat  of  a  water- 
bath.  It  is  then  diluted  with  more  water,  the  alcohol  is  added  and  lastly  enough  water 
is  added  to  make  950  mils  of  liquid.  A  part  of  this  is  assayed  and  the  rest  of  the 
process  is  as  in  making  tincture  of  aconite.    For  details,  see  U.S. P.,  p.  463. 

Remarks. — ^This  tincture  represents  an  evaporated  aqueous  percolate 
of  opium,  deprived  of  its  odor  and  of  its  noxious  narcotic  principle — 
narcotine — by  shaking  with  purified  petroleum  benzin,  diluted  with 
water,  and  then  mixed  with  enough  alcohol  (200  mils  to  1000  mils  of 
finished  tincture)  to  preserve  it.  The  finished  product  must  represent 
10  per  cent,  of  official  opium  and  0.95  per  cent,  to  1.05  per  cent,  morphine. 
The  pharmacopoeial  assay  will  be  found  in  Chapter  LV. 

This  product  was  originally  introduced  as  a  proprietary,  and  because 
freed  from  narcotine,  was  cfidled  denarcotized  tincture  of  opium.  It  is 
supposed  to  have  less  unpleasant  after-effects  than  has  laudanum. 

Dose. — 0.5  mil  (8  minims). 

TINCTURA  PHYSOSTIGMATI&— Tincture  of  Physostigma 

(Tr.  Physostig.) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  a  No.  50  powder  with  the  menstruum — alcohol 
(U.S.?.);  macerate  and  then  percolate  to  1000  mils.  Details  as  in  making  tincture 
of  aconite. 

Remarks. — The  pharmacopoeial  assay  of  this  tincture  will  be  found  in 
Chapter  LV.  It  should  contain  from  ^Kooo  to  ^Kooo  of  1  P^r  cent,  of 
the  alkaloids  of  physostigma. 

Dose. — 1  mil  (15  minims). 

TINCTURA  PYRETHRI— Tincture  of  Pyrethrum 

(Tr.  Pyreth.) 

Condensed  Recipe. 

Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  the  menstruum — alcohol 
(U.S. P.);  macerate  and  then  percolate  to  1000  mils.  Details  as  in  making  tincture 
of  bitter  orange  peel.  Since  used  almost  entirely  externally,  no  dose  is  given  by  the 
pharmacopoeia. 

TINCTURA  QUASSIiE— Tincture  of  Quassia 

(Tr.  Quass.) 

Condensed  Recijoe. 

Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  the  menstruum — alcohol, 
333  mils;  water,  666  mils;  macerate  and  then  percolate  to  1000  mils.  Details  aa  in 
making  tincture  of  bitter  orange  peel. 
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Remarks. — ^The  recipe  is  interesting  because  of  the  small  amount  of 
alcohol  used  in  the  menstruum. 
Dose. — 2  mils  (30  minims). 

TINCTURA  RHEI— Tincture  of  Rhubarb 

(Tr.  Rhei) 

CoTidensed  Recipe. 

Moisten  200  Gm.  rhubarb  and  30  Gm.  cardamom  seed,  each  in  a  No.  40  powder, 
with  the  menstruum — alcohol,  500  mils:  water.  400  mils;  glycerin,  100  mils;  macerate 
and  then  i>ercolate  to  1000  mils,  using  diluted  alcohol  as  the  nnal  menstruum.  Details 
as  in  making  tincture  of  cinchona. 

Remarks. — Note  that  this  tincture  contains  cardamom  seed  besides 
rhubarb;  one  of  the  few  cases  where  a  preparation  containing  more  than 
one  drug  is  not  pharmacopoeially  termed  "compound/' 

Dose. — 4  mils  (1  fluidrachm). 

TINCTURA  RHEI  AROMATICA— Aromatic  Tincture  of  Rhubarb 

(Tn  Rhei  Arom.) 

Condensed  Recipe, 

Moisten  200  Gm.  rhubarb,  40  Gm.  Saigon  cinnamon,  40  Gm.  cloves,  and  20  Gm. 
nutmeg,  each  in  a  No.  40  powder,  with  the  menstruum — alcohol,  500  mils;  water,  400 
mils;  glycerin,  100  mils;  macerate  and  then  percolate  to  1000  mils,  using  diluted  alcohol 
as  the  nnal  menstruum.     Details  as  in  making  tincture  of  cinchona. 

Remarks. — Note  the  aromatic  constituents  of  this  tincture,  which  is 
rarely  prescribed,  and  which  is  official  chiefly  because  used  in  making 
the  official  aromatic  syrup  of  rhubarb  (p.  199). 
,     Dose. — 2  mils  (30  minims). 

TINCTURA  SANGUINARIS— Tmcture  of  Sanguinaria 
(Tr.  Sanguin. — Tincture  of  Bloodroot) 

Condensed  Recipe. 

Ingredienle, — Sanguinaria,  100  Gm.;  hydrochloric  acid,  10  mils;  alcohol;  water 
to  make  1  liter. 

ManipulcUion. — Moisten  the  drug  with  a  mixture  of  the  acid,  18  mils  of  alcohol 
and  12  mils  of  water.  Macerate  six  hours  before  and  twenty-four  hours  after  packing. 
Percolate  with  the  menstruum— alcohol,  600  mils;  water,  400  mils — until  a  liter  of 
tincture  is  obtained.     For  details,  see  U.S.  P.,  p.  466. 

Remarks. — ^This  is  the  only  official  tincture  extracted  with  menstruum 
containing  acid,  and  it  is  worth  noting  that  1000  mils  of  finished  tincture 
contains  but  10  mils  of  hydrochloric  acid;  that  all  this  is  mixed  with 
the  menstruum  used  in  moistening  the  drug;  and  that  all  the  menstruum 
used  in  percolation  is  hydro-alcoholic. 

Dose. — 1  mil  (15  minims). 

TINCTURA  SCILL-S— Tincture  of  Squill 

(Tr.  Scill.) 

If  assayed  biologically  the  minimum  lethal  dose  should  not  be  greater  than  0.006 
mil  of  Tincture  or  the  equivalent  in  Tincture  of  0.0000005  Gm.  of  ouabain,  for  each 
gramme  of  body  weight  of  frog. 
Condensed  Recipe. 

Squill  (100  Gm.)  is  moistened  with  the  menstruum — alcohol,  3  volumes;  water, 
1  volume — ^is  macerated  twenty-four  hours  before  and  twenty-four  hours  after  packing 
and  is  then  percolated  until  1  liter  of  tincture  is  obtained.  For  details,  see  U.S.P., 
p.  466. 

Remarks. — It  will  be  noted  that  in  making  this  tincture,  the  drug 
after  moistening  and  maceration,  is  transferred  to  a  percolator  and  is 
percolated  without  packing.  If  it  were  packed  with  ordinary  pressure, 
the  percolate  would  not  drop.  Note  that  the  preparation  may  be  bio- 
logically assayed. 

Dose. — 1  mil  (15  minims). 
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UNCTURA  STRAMONn— Tincture  of  Stramonium 

(Tr.  Stramon.) 

Condensed  Recipe. 

Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  the  menstruum — diluted 
alcohol  (U.S. P.);  macerate  and  then  percolate  to  1000  mils.  Details  as  in  making 
tincture  of  aconite. 

Remarks. — The  pharmacopoeia!  assay  of  this  tincture  will  be  found  in 
Chapter  LV,  It  should  contain  ^^^oooo  to  ^"'Koooo  ot  1  per  cent,  of 
mydriatic  alkaloids. 

Dose. — 0.5  mil  (8  minims). 

TmCTURA  STROPHANTHI— Tincture  of  Strophanthus 
(Tr.  Strophanth. — Strophanthi  tinctura  P.I.) 

If  assayed  biologically  the  minimum  lethal  dose  should  not  be  greater  than  0.00006 
mil  of  Tincture  or  the  equivalent  in  Tincture  of  0.0000005  Gm.  of  ouabain  for  each 
namme  of  body  weight  of  frog. 
Vandenaed  Recipe. 

Stroplumthus  (100  Gm.)  is  freed  from  fat  by  percolating  with  purified  petroleum 
benzin.  It  is  dried,  moistened  with  alcohol,  macerated  six  hours  before  and  forty- 
eight  hours  after  packing  and  is  then  percolated  with  alcohol  until  1  liter  of  tincture 
is  obtained.     For  details,  see  U.S. P.,  p.  467.  , 

Remarks, — ^The  recipe  for  this  preparation  given  in  the  present  phar- 
macopoeia is  different  from  that  provided  in  U.S. P.  VIII.  Now  the  drug 
is  defatted  by  percolation  with  purified  petroleum  benzin,  prior  to  per- 
colation with  the  regular  menstruum; — alcohol.  Note  that  the  tincture 
may  be  assayed  biologically  (p.  See  Part  V). 

Dose. — 0.5  mil  (8  minims). 

TINCTURA  TOLUTANA— Tincture  of  Tolu 

(Tr.  Tolu.) 

Condensed  Recipe. 

Macerate  200  Gm.  balsam  of  tolu  with  enough  alcohol  to  make  1000  mils.  Details 
as  in  making  tincture  of  aloes. 

Remarks. — Unlike  benzoin  and  pther  resinous  drugs  from  which 
tinctures  are  prepared,  tolu  is  practically  completely  soluble  in  alcohol; 
hence  the  manufacture  might  be  considered  as  one  of  solution  rather 
than  as  one  of  maceration.  The  tinctiu-e  is  used  in  making  the  official 
Syrup  of  Tolu  (p.  200). 

Dose. — 2  mils  (30  minims). 

TINCTURA  VALERIANAE— Tincture  of  Valerian 

(Tr.  Valer.) 

Condensed  Recipe. 

Moisten  200  Gm.  of  the  drug  in  a  No.  40  powder  with  the  menstruum — ^alcohol, 
750  mils;  water,  250  mils;  macerate  and  then  percolate  to  1000  mils.  Details  as 
in  making  tincture  of  bitter  orange  peel. 

Dose.— 4  mils  (1  fluidrachm). 


TtNCTURA  VALERIANAE  AMMONIATA— Ammoniated  Tmcture  of 

Valerian     (Tr.  Valer  Ammon.) 

Condensed  Recipe. 

Identical  with  that  for  tincture  of  valerian,  save  in  the  menstruum.    Aromatic 
spirit  of  ammonia  is  employed. 

Remarks. — Note  that  this  is  one  of  the  two  official  tinctures  made 
with  aromatic  spirit  of  ammonia  as  the  menstruum,  the  other  being 
ammoniated  tincture  of  guaiac. 

Dose. — 2  mils  (30  minims). 
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XmCTURA  VERATRI  VIRIDIS— Tincture  of  Veratnun  Viride 

(Tr.  Verat  Vir.) 

Condensed  Recipe, 

Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  the  menstruiim — alcohol 
(U.S.P.);  macerate  and  then  percolate  to  1000  mils.  Details  as  in  malcing  tincture 
of  bitter  orange  peel. 

Remarks. — While  U.S.P.  VIII  directed  a  tincture  of  veratrum  made 
either  from  Veratrum  album  or  from  Veratrum  viride^  the  present  phar- 
macopoeia recognizes  only  the  latter  drug — green  hellebore — ^and  so  the 
preparation  now  under  consideration  is  a  tincture  of  veratrum  viride. 
It  is  a  10  per  cent,  tincture;  quite  different  from  the  tincture  of  the  phar- 
macopoeia of  1890  which  was  a  40  per  cent,  product.  The  latter  closely 
simulated  Norwood^ b  tincture  of  veratrum,  formerly  largely  prescribed. 

Dose, — 0.5  mil  (8  minims). 

TINCTURA  ZINGIBERIS— Tincture  of  Ginger 

(Tr,  Zingib.) 

Condensed  Recipe, 

Moisten  200  Gm.  of  the  drug  in  a  No.  30  powder  with  the  menstruum — alcohol 
(U.S.P.) ;  macerate  and  then  percolate  to  1000  mils.  Details  as  in  making  tincture 
of  bitter  orange  peel. 

Remarks. — This  is  the  well-known  essence  of  ginger.  It  represents 
20  per  cent,  of  the  drug,  and  is  made  with  strong  alcohol.  When  mixed 
with  water,  it  forms  a  milky  mixture,  due  to  the  separation  of  the  resin. 
The  soA^alled  water-soluble  ginger  is  the  tincture  rubbed  with  magnesium 
carbonate  and  enough  water  to  precipitate  much  of  the  resin.  Note 
that  the  present  pharmacopoeia  gives  specifications  for  a  properly  pre- 
pared tincture  of  ginger,  including  amount  of  residue  and  a  test  for  the 
presence  of  capsicum.     (See  U.S.P.,  p.  469.) 

Dose. — 2  mils.  (30  minims). 

Tinctura  Ipecacuanha  et  Opii  (U.S.P.  VIII;  N.F.  IV)  is  commonly  known  as  Hncfure 
of  Dover's  powder.  It  is  made  by  evaporating  1000  mils  of  tincture  of  deodorized 
opium  to  a  bulk  less  than  900  mils;  in  order  that  100  mils  of  fiuldextract  of  ipecac  may 
be  added  along  with  enough  diluted  alcohol  to  bring  the  total  volume  to  1  liter. 
Thus  the  finished  preparation  represents  10  per  cent,  of  opium  and  10  per  cent,  of 
ipecac. 

Tinctura  Quillajs  (U.S.P.  VIII;  N.F.  IV)  is  an  aqueous  decoction  of  soap  bark  with 
enough  alcohol  (350  mils  to  the  1000)  added  to  preserve  it.  The  preparation  is  used 
as  an  emulsifying  agent  (see  p.  260),  but  it  should  never  be  used  for  that  purpose 
except  imder  direct  orders  of  a  physician,  since  the  saponin  of  the  bark  is  distinctly 
poisonous.  It  is  used  as  a  ''gum  foam'  at  the  soda  foimtain,  and  this  use  is  also 
objectionable  and  is  prohibited  in  some  states. 

Tinctura  Vanilla  (U.S.P.  VIII:  N.F.  IV)  is  made  bv  macerating  cut  vanilla  beans 
in  alcohol  for  two  days;  filtering  off  the  alcohol,  mixing  the  dried  beans  with  sugar  and 
grinding  to  a  uniform  powder  which  is  then  percolated  with  the  alcoholic  filtrate  to 
which  an  equal  volume  of  water  has  been  added.  The  resulting  product  represents 
10  per  cent,  of  vanilla  beans  and  contains  20  per  cent,  of  sugar  in  what  is  approximately 
diluted  alcohol  and  is  a  fine  grade  of  the  flavoring  essence  of  vaniUa,  ^  What  is  com- 
monly sold  under  this  name,  nowever,  is  a  concoction  of  various  inferior  flavors,  such 
as  coumarin  and  possibly  some  vanillin.  Another  point  in  connection  with  the  manu- 
facture of  the  tincture  of  vanilla  is  that,  in  order  to  secure  a  really  fine  tincture  of 
vanillaj  it  is  essential  to  use  a  good  quality  of  vanilla  bean.  The  inferior  Tahiti  beans 
can  never  yield  anything  but  a  poor  product. 

Tincturse  £there»  (N.F.)  represent  a  class  of  tinctures  in  which  the  menstruum 
emploved  consists  of  alcohol  and  ether.  The  National  Formulary  gives  a  general 
formula  for  such  preparations  directing  that  the  menstruum  consist  of  1  volume  of 
ether  and  2  volumes  of  alcohol  and  that  the  finished  tincture  represents  10  per  cent, 
of  the  drug  used.     Ethereal  tincture  of  valerian  enjoys  some  vogue. 

Tincture  Herbarum  Recentium  (U.S.P.  VIII)  or  TincturcB  medicamentorum  recent 
tiunty  N.F.  IV,  are  a  line  of  preparations  made  by  macerating  600  Gm.  of  the  fresh 
herb  or  drug  with  1000  mils  of  alcohol  for  fourteen  days  after  which  the  mixture  is 
expressed  and  the  expressed  liquid  is  strained.  They  resemble  the  juices  (Sued)  of 
the  British  Pharmacopoeia  and  are  rarely  used  in  this  country. 
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Latin  name 


English  name 
or  synonym 


Ingredients 
(figures  show  amoxxnt  used  in  1000  mils) 


Remarks 


Tinctura    aloes     et 
myrrhs. 


Tinctara  amara. 


Tinctura     antiperi- 
odica. 


Tincture  of  aloes 
and  msrrrh. 


Stomach     drops, 
etc. 


Warburg's    tinc- 
ture. 


Tinctura  antiperi-  •  Warburg's  tinc- 
ture, without 
aloes. 


odica  sine  aloe. 
Tinctttra  aromatica. 


Aromatic  tinc- 
ture. 


Aloes,  myrrh  and  glycyrrhisa  of  each 
100  Gm.  Menstruum,  alcohol,  750 
mils;  water,  250  mils. 


Gentian,  centaury  and  bitter  orange 
peel,  of  each  60  Gm.;  sedoary.  Men- 
struum, alcohol,  2  volumes;  water  1 
volume. 

Rhubarb;  angelica  fruit;  elecampane; 
saffron;  fennel;  gentian;  sedoary; 
cubeb,  myrrh;  camphor;  agaric;  pep- 

ger;  Saigon  cinnamon;  ginger;  quinine 
isulphate;  extract  of  aloes.  Mens- 
truum, alcohol.  3  volumes;  water, 
2  volumes. 


The  foregoing,  with  the  extract  of  aloes 
omitted. 


Saigon     cinnamon;     Jamaica     ginger; 

Slangal;      clove;      cardamom    seed, 
enstruum, alcohol,  2  volumes;  water, 


Tinctara  bryonxi 


Tinctura  cacti  gran- 
diflori. 


Tincture  of  bry-    Bryonia,  100  Gm.;  alcohol. 


Made  by  maceration. 
Was  official  in  U.S.- 
P.  VIII.  Dote.— '2 
mils  (30  minims). 

Made  by  percolation. 
Dote. — 2  mils  (30 
minims). 


Made  by  percolation 
of  the  drugs;  the 
quinine  salt  and  the 
extract  of  aloes  be- 
ing dissolved  in  the 
tincture.  />ot«.— 4 
to  15  mils  (1  to  4 
fluidrachms) . 


ma. 


Tincture  of  night 
blooming  cereus. 


Cactus  grandiflorus,  500  Gm.;  alcohol. 


Tmetura  calendula.    Tincture  of  mari-    Calendula,  200  Gm. ;  alcohol. 

i    gold. 


Tinctara  capdci  et 
myiThc. 


Tinctara  caramelis. 


Tinctura  cimici- 


Tinctura  c  o  c  c  a  1  i 
indici. 


Tinctura  crod. 
Tinctura     eubebn. 


Hot  drops;  num- 
ber six. 


Tincture  of  cara- 
mel. 


Tincture  oif  cimi- 
cifuga. 


Capsioum,  30  Gm.;  msrrrh,  120  Gm. 
Menstruum,  alcohol,  9  volumes; 
water,  1  volume. 


Caramel,  100  Gm.;  water;  alcohol. 


Cimieifuga,  200  Gm.;  alcohol. 


Made  by  percolation. 
Dote. — 2  mils  (30 
minims) . 


Made  by  percolation 
Dote.^-^  mils  (1 
fluidrachm) . 

Made  by  maceration 
of  the  fresh  flowers 
with  subsequent  ex- 
pression.      Dose. — 1 


Dsequent  ex- 

I.     Dose. — ] 

iuil  (15  minims). 


Tincture   of    fish    Cocculus  indica,  100  Gm. ;  diluted  alco- 
benies.  I    hoi. 


Tincture  of   saf- 
fron. 

Tincture    of    cu- 
!    beb. 


Tinctura  delphinu.    ;  Tincture  of  lark- 
spur. 


Tmctura  ergota         Am  moniated 
ammoniata.  tincture    of    er- 

I    got. 

Tinctura  ferri  chlo-  j  BestuschefTstino- 
ndiBtherea.  I    ture;  Lamotte's 

'    drops. 


Sa£Fron,  100  Gm.;  diluted  alcohol. 
Cubeb,  200  Gm.;  alcohol. 

Larkspur  seed,  100  Gm.;  alcohol. 


Ergot,  250  Gm.;  ammonia  water,  100 
mils;  alcohol;  water. 


Solution   of   ferric   chloride,    60    mils; 
ether;  alcohol. 


Made  by  percolation. 
WasofficialinU.S.P. 
VIII.  No  dose  men- 
tioned. 

Made  by  percolation 
of  the  drugs  mixed 
with  sand.  Doee. — 2 
mils  (30  minims). 

Made  by  solution 
and  filtration.  Used 
as  color. 

Made  by  percolation. 
Was  official  in  U.S.- 
P.  VIII.  Dote.— A 
mils  (1  fluidrachm). 

Made  by  percolation. 
Used  as  vermin 
killer. 

Made  by  percolation; 
no  dose  mentioned. 

Made  by  percolation. 
Doae.^-4  mils  (1  flui- 
drachm) . 

Made  by  percolation. 
Used  as  vermin 
killer. 

Made  by  percolation. 
Dote. — 4  mils  (1 
fluidrachm). 

See  p.  611.  Dote.— 2 
roils  (30  minims). 
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Latin  name 


EoglUh  name 
or  synonym 


Ingredients 
(fisures  show  amount  used  in  1000  mils.) 


Remarks 


Tinctura  ferri  dtro- 
chloridi. 


Tinctura    ferri    po- 
mata. 


Tinctura  galltt. 


Tinctura  guaiaci 
compositus. 


Tinctura  humuli 


Tinctura  ignatis. 


Tinctura    iodi    for- 
tior. 


Tinctura  iodi  deool* 
orata. 


Tinctura    ipeca- 
cuanha et  opu. 

Tinctura  jalape. 


Tinctura   j  a  1  a  p  n 
compodta. 


Tinctura     kino     et 
opii  compodta. 


Tinctura  kramerics. 


Tinctura   opii    cro- 
cata. 


Tinctura  paracoto. 


Tinctura  passiflom. 


Tinctura  pectoralis. 


Tasteless       tinc- 
ture of  iron. 


Tincture  of  fer- 
rated  extract  of 
apples. 

Tincture  of  nut- 
gall. 


Dewee's  tincture 
of  guaiao. 


Tincture  of  hops. 


Tincture  of  igna- 
tia. 


Churchill's    tinc- 
ture of  iodine. 


Decolorised  tinc- 
ture of  iodine. 


Tincture  of  Do- 
ver's powder. 

Tincture  of  jalap. 


Compound   tinc- 
ture of  jalap. 


Compound   tinc- 
ture of  kino. 


Tincture  of  kra- 
meria. 


Sydenham's  lau- 
danum. 


[Tinctura  ooto, 
N.F.  IIIJ. 


Tincture  of  pae- 
sion  flower. 


Bateman*s     pec- 
toral drops. 


Solution  of  ferric  chloride,  360  mils; 
sodium  citrate,  ftOO  Gm.;  alcohol; 
water. 

Ferrated  extract  of  apples,  100  Qm.; 
alcohol;  cinnamon  water. 


Nutgall,  200  Gm.     Menstruum,  glyc- 
erin 100  mils;  alcohol  900  mils. 


Guaiac,  125  Gm.; potassium  carbonate; 
pimenta;  alcohol;  water.  Pumice  as 
olarifier. 


Hops,  200  Gm.;  diluted  aloohoL 


Ignatia,  100  Gm.     Menstruum,  alcohol, 
8  volumes;  water,  1  volume. 


Iodine.  105  Gm.;  potassium  iodide,  33 
Om.;  water,  alcohol. 


Iodine,  83  Gm.;  sodium  thiosulphate; 
stronger  ammonia  water;  water; 
alcohol. 


See  p.  611.     Doae.- 
0.5  mil  (8  minims). 


See  p.  614.    Do*«. 


see  p.  9] 

xnilii  (1 


fluidrachm). 


Jalap.  200  Gm.  Menstruum,  alcohol, 
2  volumes;  water,  1  volume. 

Jalap,  125  Gm.;  resin  of  soammony, 
30  Gm.,  Menstruum,  alcohol,  2  vol- 
umes; water,  I  volume. 


Tincture  of  kino.  200  mils;  tincture  of 
opium,  100  mils;  spirit  of  camphcn-; 
ou  of  dove;  aromatic  spirit  of  am- 
monia; diluted  alcohol;  cochineal  as 
color. 

Krameria,  200  Gm.;  diluted  alcohol. 


Granulated  opium,  100  Gm.;  saflfron; 
Saigon  cinnamon;  dove;  diluted  alco- 
hol. 


Paracoto,  125  Gm.;  alcohol. 


Pasdon     flower,     200     Gm.;     diluted 
alcohol. 


Tincture  of  opium,  42  mils;  compound 
tincture  of  gambir;  spirit  of  camphor; 
oil  of  anise;  diluted  luoohoL  Caramd 
as  color. 


Made  by  maceration. 
Replaces  the  tinc- 
ture of  U.S.P.  VIIL 
DoM.— 4  mils  (1  flui- 
drachm). 

Made  by  trituration 
and  filtration.  Don. 
—4  mils  (1  flui- 
drachm). 

Made  by  percolation. 
Do9e.---4  mils  (1 
fluidrachm). 

Made  by  percolation. 
Must  assay  ^Hoo  to 
'Moo  of  1  per  oentj 
of  alkaloids.  Do9e. 
— 0.0  mil  (10  min- 
ims). 

Over  twice  as  strong 
as  the  U.  S.  P. 
tincture. 

Bee  p.  378. 


See  p.  234. 


Made  by  percolation. 
D0M.—4  mils  (1 
fluidrachm). 

Made  by  percolation 
of  the  drugs  mixed 
with  sand.  I>om.— 4 
mils  (1  fluidrachm). 

Made  by  admixture 
and  filtration. 
D099.—4     mils      (1 
fluidrachm). 


Made  by  percolation. 
Z>M«.— 4  mils  (1  flui- 
drachm). 

Made  by  percolation 
of  the  drugs  mixed 
with  sand.  Must  as- 
say 0.95  to  1.05  per 
cent,  of  morphine. 
Dote.— 0.0  mil  (10 
minims). 

Made  by  percolation. 
Do»e. — 2  mihi  (30 
minims). 

Made  by  percolation. 
Doae. — 0.6  mil  (10 
minims). 

Made  by  admixture 
and  filtration.  D<»$9. 
— (for  infanU)  0.6 
mil  (10  minims). 
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TINCTURES  OF  THE  NATIONAL  FORMULARY— CConetntMd) 


Latinname 


Engliflh  name 
or  synonym 


Ingredients  ^ 
(figures  show  amount  used  in  1000  mils) 


Remarks 


Tmcturs    peraionis. 


Tinctura     peraionis 
composita. 


Tinctura  pimptnel- 
Ic. 


Tinctura  pulsatilhe. 


Tinctura  quiUaje. 

Tinctura      rhei 
aquosa. 


Tinctura   rhei   dul- 
cis. 


Tinctura    rhei      et 
gentians. 


Tinctura    aahal    et 
santali. 


Tinctura  serpen- 
Una. 


Tinctura  sumbul. 


Tinctura  vaniUs. 


Tinctura  t  i  b  u  r  n  i 
opuli  composita. 


Tinctura  sedoarie 
amsra. 


Tincture  stherese. 


Tinctune  medica- 
mentorum  recen- 
tium. 


Tincture  of  cud- 
bear. 


Compound   tinc- 
ture of  cudbear. 


Tincture  of  pim- 
pinella. 


Tincture  of  pul- 
satilhk. 


Tincture  of  soap 
bark. 

Aqueous  tincture 
of  rhubarb. 


Sweet  tincture  of 
rhubarb. 


Tincture  of  rhu- 
barb and  gen- 
tian. 

Tincture  of  Saw 
palmetto  and 
santal. 

Tincture  of  ser- 
pentaria. 


Tincture  of  sum- 
bul. 


Tincture  of  van- 
illa. 

Compound  tinc- 
ture of  vibur- 
num opuluB. 


Compoxind   tinc- 
ture of  sedoary. 


Ethereal  tinc- 
tures. 

Tinctures  of  fresh 
drugs. 


Cudbear.  100  Gm.     Menstruum,  alco- 
hol, 3  volumes;  water,  1  volume. 


Cudbear,  15  Gm.;  caramel,  100  Gm.; 
alcohol;  water. 


Pimpinella  root,  200  Gm.    Menstruum, 
alcohol,  2  volumes;  water,  1  volume. 

Pulsatilla,  100  Gm.    Menstruum,  alco- 
hol, 3  volumes:  water,  1  volume. 


Rhubarb,  100  Gm.;  potasnum  car- 
bonate; cinnamon  water;  alcohol,  110 
mils;  water. 


Rhubarb,  100  Gm.;  fflvoyrrhisa;  anise; 
cardamom  seed.  Menstruum,  glyc- 
erin, alcohol  and  water;  followed  by 
diluted  alcohol. 

Rhubarb.  70  Gm.;  gentian;  diluted 
alcohol. 


Sabal,  200  Gm.;  sandal  wood.  Men- 
struum, alcohol,  4  volumes;  water,  1 
voluftie. 

Serpentaria,  200  Gm.  Menstruum, 
alcohol,  2  volumes;  water,   1  volume. 


Sumbul,  100  Gm.     Menstruum,  alco- 
hol, 2  volumes;  water,  1  volumes,  0. 


V  iburn  um  opulus ;  dioscorea ;  Scutellaria ; 
clove;  Saigon  cinnamon.  Menstruum, 
glycerin,  alcohol,  water;  then  alcohol, 
3  volumes;  water,  1  volume. 


Zedoary;  aloes;  rhubarb;  gentian; 
agaric ;  saffron ;  glycerin.  Menstruum, 
alcbhol,  2  volumes;  water,  1  volume. 


Made  by  percolation. 
Used  as  a  coloring 
agent. 

Made  by  maceration 
and  admixture. 
Used  as  a  coloring 
agent. 

Made  by  percolation. 
DoMe.---4     mils      (1    , 
fluidrachm). 

Made  by  percolation. 
Doae. — 2  mils  (SO 
minims). 

See  p.  234. 


Made  by  maceration 
of  the  rhubarb  and 
the  carbonate  with 
water  followed  by 
boiling,  straining 
and  admixture  or 
the  other  ingre- 
dients. Doae.  — 4 
mils  (1  fluidrachm). 

Made  by  percolation. 
Doae. — 2  mils  (30 
minims) . 


Made  by  percolation. 
Doae.-— 4  mils  (1 
fluidrachm). 

Made  by  percolation. 
Doae.— 4  mils  (1 
fluidrachm) . 

Made  \>y  percolation. 
Was  official  in  U.S.- 
P.  VIII.  Doae.— A 
mils  (1  fluidrachm). 

Made  by  percolation. 
Doae.---4  mils  (1 
fluidrachm). 

See  p.  234. 


Made  by  percolation. 
Do«e.— -4  mils  (1 
fluidrachm). 


Made  by  percolation. 
2>o«€.— 4  mils  (1 
fluidrachm). 

See  p.  234. 


See  p.  234. 
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THE  DOSES  OF  OFFICIAL  TINCTURES 

0.1    mil    (ly^  minims) Tinctures  of  cantharides,  iodine. 

0.25  mil    (4  minims) Tincture  of  gelsemium. 

0.3    mil    (5  minims) Tincture  of  aconite. 

0.5    mil    (8  minims) Tinctures  of  capsicum,  digitalis,  ferric  chloride,  nux 

vomica,  opium,  deodonzed  opium,  stramonium, 
strophanthus  and  veratrum  viride. 

0.75  mil    (12  minims) Belladonna  leaves  and  cannabis. 

1.0    mil    (15  minims) Tinctures  ofamica,asafetida,  benzoin,  lobelia,  myrrh, 

physostigma,  sanguinaria  and  squill. 

2.0    mils  (30  minims) Tinctures  of  aloes,  benzoin  compound,  cardamon 

seed,  cinnamon,  colchicum  seed,  ^nger.  guaiac 
ammoniated,  hyoscyamus,  lactucanum,  lavender 
compound,  quassia,  rhubarb  aromatic,  tolu,  and 
valerian  ammoniated. 

4.0    mils  (1  fluidrachm) Tinctures  of  bitter  orange  peel,  calumba,  cardamon 

compound,  cinchona,  cinchona  compound,  gambir 
compound,  gentian  compound,  guaiac,  hvdrastis, 
kino,  musk,  opium  camphoratedf,  rhubarb,  sweet 
orange  peel  and  valerian. 

No  doses  given.  Tinctures  of  lemon  peel  and  pyrethrum. 
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CHAPTER  XV 
FLUIDEXTRACTS,  WINES,  OLEORESINS,  AND  VINEGARS 

FLUIDEXTRACTS 

FLUIDEXTRACTS  are  alcoholic  liquid  preparations  made  by  percola- 
tion, representing  in  each  milliliter  the  activity  of  one  gramme  of  drug; 
in  other  words,  they  are  100  per  cent,  tinctures. 

The  fluidextracts  of  the  present  pharmacopoeia,  of  the  strength  of  one 
gramme  to  the  milliliter,  are  5  per  cent,  weaker  than  those  directed  by 
the  pharmacopcBia  of  1870,  which  represented  a  troy  oimce  of  drug  to 
the  fluidounce.  The  difference  in  these  strengths  is  apparent  when  we 
appreciate  the  fact  that  while  the  gramme  of  water  is  always  of  the  same 
weight  as  the  milliliter,  the  troy  ounce  of  water  will  weigh  480  grains 
against  the  454.6  grains,  which  is  the  weight  of  the  fluidounce  of  water. 

Fluidextracts  can  be  considered  in  the  light  of  concentrated  tinctures, 
and  many  official  drugs  have  both  the  tincture  and  the  fluidextract 
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recognized  by  the  pharmacopoeia.  The  advantages  which  the  fluidex- 
tracts  possess  over  tinctures  and  other  preparations  are:  1.  That  they 
possess  a  definite  strength  of  100  per  cent.,  the  same  as  that  of  the  product 
from  which  derived.  In  that  way  the  physician,  knowing  the  dose  of 
the  drug,  has  no  difficulty  in  knowing  the  dose  of  a  fluidextract.  2.  Fluid  - 
extracts  are  concentrated,  a  very  small  quantity  of  fluidextract  sufficing, 
where  a  much  larger  quantity,  sometimes  ten  times  the  amount,  of  a  tinc- 
ture will  be  needed.  3.  Fluidextracts  are  permanent.  Being  m^e  with 
alcoholic  menstrua,  they  keep  perfectly,  and,  in  fact,  frequently  become 
better  as  they  age. 

History. — The  first  reference  to  fluidextracts  that  has  been  found  is  in  a  paper  by 
Ellis  (1835)  in  which  it  is  stated  that  they ''are  preparations  that  have  been  popular 
in  England  within  a  few  years  past."  The  United  States  Pharmacopoeia  of  1850 
recognized  seven  so-called  fluidextracts  and  of  these  but  one  was  a  fluidextract  in  the 
modern  sense  of  the  term.  Of  the  others,  four  were  concentrated  syrups  and  two  were 
oleoresins.  In  the  pharmacopoeia  of  1860  twenty-five  fluidextracts  were  recognized, 
and  of  these,  fifteen  were  fluiaextracts  in  the  modern  sense  of  the  term. 

Manufacture  of  Fluidextracts. — ^Fiye  general  processes  have  been 
suggested  for  the  manufacture  of  fluidextracts:  (a)  percolation  with 
partial  evaporation;  (6)  fractional  or  divided  percolation;  (c)  repercola- 
tion;  (d)  percolation  with  incomplete  exhaustion;  (e)  maceration  with 
hydraulic  pressure.  In  addition,  in  special  cases,  the  fluidextract  is 
made  by  making  an  infusion  or  decoction  of  the  drug  and  adding  to  this 
enough  alcohol  to  keep  the  preparation  from  spoiling.  The  first,  second 
and  sixth  method  are  described  at  some  length  in  the  general  formula 
for  fluidextracts  printed  in  the  present  pharmacopoeia.  (See  U.S.P., 
pp.  173  to  176.) 

Type  Processes  A  and  B,  given  in  the  pharmacopoeial  general  formula, 
are  both  methods  of  percolation  with  partial  evaporation,  the  only  dif- 
ference being  whether  the  menstruum  contains  glycerin  or  not.  In 
Process  A,  the  drug  is  moistened  with  the  required  quantity  of  menstruum 
and  macerat'Cd  first  outside  then  within,  the  percolator  for  a  certain  length 
of  time,  and  then  percolated  with  the  menstruum  until  exhausted. 

It  is  practically  impossible,  by  the  ordinary  process  of  percolation, 
to  exhaust  100  Gm.  of  drug  with  the  first  100  mils  of  percolate;  in  most 
cases  100  Gm.  are  not  exhausted  imtil  about  500  mils  of  percolate  have 
been  obtained.  Accordingly,  in  making  fluidextracts  we  percolate  the 
drug  until  it  is  exhausted,  and  instead  of  evaporating  the  entire  percolate 
down  to  100  mils,  we  reserve  the  first  85  mils  of  percolate,  subjecting  to 
the  heat  of  evaporation  only  the  balance  of  percolate. 

The  first  portion  of  the  percolate  is  put  to  one  side  and  labeled  "re- 
served portion."  The  rest  of  the  percolate,  called  "weak  percolate,"  is 
then  placed  in  an  appropriate  distilling  apparatus  in  order  to  recover  the 
alcohol,  and  when  the  alcohol  is  distilled,  the  residue  is  evaporated  to  a 
soft  extract  on  a  water-bath.  This  soft  extract  is  then  dissolved  in  the 
reserved  portion,  and  enough  menstruum  is  added  to  bring  the  fluid- 
extract  up  to  the  number  of  milliliters  equal  to  the  niunber  of  grammes 
of  the  drug  with  which  we  started.  Of  the  details  of  this  process  but  two 
salient  points  need  be  mentioned.  It  will  be  noticed  that  we  spare  the 
first  85  per  cent,  of  percolate  from  the  heat  to  which  we  subject  the 
remainder  of  the  percolate.  This  is  because  it  is  supposed  that  this 
85  per  cent,  of  percolate  contains  the  active  principles  of  at  least  85  per 
cent,  of  the  drug,  and  since  it  is  without  question  that  even  the  heat  of 
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the  wateF-bath  may  possibly  modify  some  of  the  delicate  constituents  of 
the  drug,  it  has  been  deemed  advisable  to  expose  the  smallest  possible 
quantity  of  the  soluble  part  of  the  drug  to  such  temperature.  A  second 
point  is  that  we  evaporate  the  weak  percolate  to  a  soft  extract  instead  of 
merely  to  a  point  where  it,  plus  the  reserve  portion,  would  measure  the 
number  of  mils  of  fluid  equal  to  the  number  of  grammes  of  drug  with 
which  we  started  out.  The  reason  for  this  is  because  the  liquid  part  of 
such  a  residue  consists  wholly  of  water,  and  that  there  would  be  danger 
that  adding  the  liquid  to  the  reserve  portion  would  cause  a  precipitation 
of  some  of  the  constituents  of  the  reserved  portion. 

This  process  is  not  a  satisfactory  one  either  for  the  manufacturer  or 
for  the  retailer.  For  the  retailer,  it  is  a  tedious  operation,  requiring  a 
large  amount  of  time  for  evaporation  of  the  reserve  portion,  and  espe- 
cially when  the  menstruum  is  a  diluted  alcohol.  The  second  disadvan- 
tage of  the  process  is  the  use  of  beat,  which  tends  to  dissociate  some  of  the 
plant  principles. 

It  will  be  noticed  that  the  general  formula  specifies  that  in  evapora- 
tion, the  weak  percolate  must  not  be  heated  above  60*^C.  As  the  formula 
directs  that  the  alcohol  be  "recovered"  it  is  assumed  that  distillation 
be  employed  and  this  operation  can  occur  at  60°C.,  only  when  carried 
on  in  a  vacuum  pan;  a  piece  of  apparatus  that  is  too  expensive  to  be  used 
by  the  retail  pharmacist. 

In  Type  Process  B,  the  menstruum  from  which  the  reserved  portion 
is  to  be  prepared  contains  glycerin  or  acid,  while  that  from  which  the 
reserved  portion  is  prepared  is  to  be  free  from  these  substances.  The 
reason  for  this  provision  is  to  prevent  the  evaporated  reserved  portion 
from  adding  to  the  finished  fluidextract  an  undue  amount  of  either 
glycerin  or  acid  which  would  not  volatilize  along  with  the  alcohol  and 
water. 

Type  Process  C  of  the  pharmacopceia  is  devised  to  permit  the  prepara- 
tion of  a  fluidextract  by  percolation  without  evaporation.  It  is  a  modi- 
fication of  the  well-known  method  of  re-percolation  and  will  be  explained 
with  the  latter  below. 

Type  Process  D  directs  the  preparation  of  an  infusion  or  decoction 
of  the  drug  and  the  addition  to  it,  when  suflBciently  concentrated,  of 
enough  alcohol  to  preserve  it.  The  process  is  employed  in  making  the 
official  fluidextracts  of  cascara  sagrada;  cascara  sagrada,  aromatic; 
frangula  and  triticum;  and  in  somewhat  modified  form  in  fluidextract  of 
glycyrrhiza. 

Repercolation  is  a  process  devised  by  Dr.  E.  R.  Squibb  as  a  means  of 
doing  away  with  the  use  of  heat  in  the  preparation  of  fluidextracts.  The 
manipulation  can  be  expressed  as  follows: 

Suppose  we  want  to  make  1000  mils  fluidextract  of  gentian;  we  take 
1000  Gm.  drug,  and  the  first  thing  we  do  with  it  is  to  divide  it  into  four 
portions  of  260  Gm.  each.  The  first  250  Gm.  we  moisten  with  the  men- 
struum, pack,  macerate,  and  percolate,  just  as  in  the  regular  official 
process,  with  the  sole  exception  that  the  percolate,  as  it  drops,  is  collected 
into  several  portions;  the  first  200  mils — dark,  heavy,  and  concentrated — 
being  set  aside  as  finished  fluidextract,  and  the  next  portions  of  250  mils 
each  put  into  bottles  and  labeled  respectively  "weak  percolate  No.  1," 
**weak  percolate  No.  2,"  "weak  percolate  No.  3,"  and  so  on  until  ex- 
haustion. The  writer's  personal  experience  showed  that,  on  an  average, 
250  Gm.  drug  is  not  completely  exhausted  until  1250  to  1500  mils  of 
percolate  have  dropped,  and  it  was  his  rule  to  use  a  500-mil  bottle  for 
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fveak  p>ercolate  No.  4,  and  to  let  the  last  percolate  drop  therein  until  the 
drug  was  completely  exhausted. 

As  the  result  of  our  first  percolation  we  have,  from  250  Gm.  gentian : 

Fluidextract 200  mils 

Weak  percolate  No.  1 250  mils 

Weak  percolate  No.  2 250  mils 

Weak  percolate  No.  3 250  mils 

Weak  percolate  No.  4  (say) 350  mils 

The  first  200  mils  called  "fluidextract''  above  is  supposed  to  contain  the 
active  principles  of  200  Gm.  drug,  the  remaining  active  principles  of  the 
drug  will  be  found  in  the  1100  mils  of  weak  percolates  Nos.  1,  2,  3,  and 
4  and  chiefly  in  percolates  No.  1  and  2.     Now  we  are  ready  to  begin  with 
the  second  batch  of  260  Gm.  of  ground  gentian.     We  moisten  it,  not  with 
ofl[icial  menstruum,  but  with  weak  percolate  No.  1  of  the  previous  opera- 
tion.    Then  we  pack  and  macerate,  then  pour  in  weak  percolate  No.  2, 
and  after  it  has  soaked  in,  we  pour  on  weak  percolate  No.  3,  and  as  that 
too  sinks  down  as  the  liquid  drops  below,  we  pour  on  weak  percolate 
No.  4.    When  that  has  gone  through,  we  begin  to  employ  the  official 
menstruum.     In  the  meanwhile  the  liquid  dropping  from  the  percolator 
has  been  collected  in  several  portions.     The  first  250  mils  has  been  set 
aside  as  finished  fluidextract.     Note  that  this  time  we  do  not  set  aside 
the  first  200  mils  as  finished  fluidextract,  as  we  did  in  the  previous  case, 
but  250  mils;  for  we  began  percolation  this  time,  not  with  official  men- 
struum, but  with  those  percolates  from  the  first  batch  of  drug,  containing 
the  active  principles  of  about  60  Gm.  of  said  drug.     The  first  250  mib 
from  the  second  batch  of  drug  was  assumed  to  contain  the  active  prin- 
ciples of  250  Gm.  of  drug  and  is  therefore  set  aside  as  finished  fluidextract. 
By  this  time  the  bottles  that  had  contained  weak  percolates  No.  1 
and  2  are  empty,  and  as  the  next  250  mils  percolate  drops,  it  is  poured 
into  bottle  No.  1 ;  the  next  batch  into  bottle  No.  2,  and  so  on  until  ex- 
haustion, when  we  will  have  in  the  four  original  bottles  weak  percolates 
No.  1,  2,  3,  and  4. 

The  percolation  of  batches  No.  3  and  4,  250  Gm.  each,  of  gentian, 
will  be  a  repetition  of  the  handling  of  batch  No.  2.  In  both  cases  the 
first  250  mils  of  percolate  are  set  aside  as  finished  fluidextract,  and,  when 
batch  No.  4  is  exhausted,  the  weak  percolates  Nos.  1,  2,  3,  and  4,  properly 
labeled,  are  placed  in  some  dark,  cool  place,  there  to  remain  until  the 
next  time  that  the  fluidextract  must  be  made.  The  quantity  given  in 
above  illustration  is  purely  proportional  and,  of  coiUTse,  does  not  mean  that 
950  mils  fluidextract  must  be  made  each  time.  The  950  mils  fluidextract 
—that  is,  the  four  portions  200  mils  plus  250  mils  plus  250  mils  plus  250 
mils — ^is  to  be  carefully  mixed  and  placed  in  proper  container,  and,  of 
course,  the  next  time  the  fluidextract  is  to  be  made  from  the  weak  perco- 
lates, the  amount  of  the  finished  product  will  be  1000  mils. 

This  attractive  and  largely  used  process  has  been  found  by  the  writer 
to  have  a  fatal  weakness.  The  assumption  that  the  950  mils  of  so-called 
"fluidextract"  contains  the  activity  of  950  of  the  1000  Gm.  of  drug  used 
in  the  process  cannot  be  verified  on  careful  investigation.  The  amoimt 
of  extractive  in  the  950  mils  depends  on  the  skill  of  the  operator  and 
practically  never  in  the  writer's  experiments  did  he  obtain  anything  like 
the  strength  indicated. 

In  the  present  pharmacopoeia,  repercolation  is  abandoned  even  as  an 
alternative  measure  and  in  its  place  Type  Process  C — fractional  or  divided 
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percolaiion — ^Iias  been  substituted.  In  this  the  1000  gm.  of  drug  are 
divided  into  three  portions  of  500,  300  and  200  Gm.  each.  From  the 
500  Gm.  200  mils  of  percolate  are  set  aside  as  the  reserved  portion  and 
1500  mils  of  weak  percolate  is  then  collected  in  portions  of  300  mils  each. 
The  300  Gm.  of  drug  is  percolated  with  the  weak  percolates  just  suggested. 
The  first  300  mils  of  percolate  are  reserved;  while  800  mils  of  weak  per- 
colate are  collected  in  200  mil  portions.  These  are  used  to  percolate  the 
last  200  Gm.  of  drug;  600  mils  of  percolate  being  collected  as  reserve 
portion.  Thus  1000  nails  of  what  is  supposed  to  be  finished  fiuidextract 
are  obtained  from  1000  Gm.  of  drug. 

Percolation  with  Incomplete  Eibaustion. — In  this  process,  1000  Gm. 
of  the  drug  are  taken,  moistened,  packed  and  carefully  percolated  until 
750  mils  of  fluid  are  obtained.  The  marc  is  then  thrown  away  and  operar 
tion  is  discontinued. 

This  process  assiunes  that  the  first  750  mils  of  percolate  from  1000 
Gm.  of  drug  will  contain  the  activity  of  750  Gm.  of  the  drug  employed. 
In  the  writer's  investigation,  such  results  were  rarely  obtained;  he  finding 
that  500  or  at  the  most  600  mils  of  percolate  from  a  sample  of  drug 
contained  in  each  mil  the  activity  of  a  gramme  of  the  drug.  This  process 
can  be  employed  with  good  results,  if  the  procedure  given  below  is 
followed. 

A  sample  of  50  Gm.  of  drug  is  percolated  to  exhaustion  and' the  amount 
of  extract  is  determined  by  evaporation  of  the  percolate  and  weighing 
of  the  residue.  Then  1000  Gm.  of  the  same  batch  of  drug  is  percolated 
until  500  mils  of  percolate  are  obtained.  Fifty  mils  of  this  percolate  is 
evaporated  to  dryness  and  the  residue  weighed  and  by  comparison  of 
the  amount  of  extractive  in  the  500  mils  of  percolate  with  the  total  ex- 
tractive in  the  drug,  as  shown  in  the  50-Gm.  sample,  it  is  easy  to  calculate 
how  much  menstruum  must  be  added  to  the  500  mils  of  percolate  in  order 
to  make  it  of  true  fluidextract  strength. 

Percolation  and  Maceration  with  Hydraulic  Pressure. — ^This  process 
was  introduced  by  a  firm  of  manufacturing  pharmacists,  but, has  been 
abandoned  by  them  in  favor  of  repercolation  or  fractional  percolation, 
which  is  employed  by  almost  all  large  manufacturers. 

The  process  consists  of  taking  a  large  quantity  of  the  drug — say, 
1000  kilos — ^macerating  with  a  lesser  quantity  of  menstruum — say,  300 
liters — and,  after  a  certain  time,  pressing  this  liquid  by  hydraulic  pres- 
sure. The  press  cake  is  returned  to  the  macerating  vat,  moistened  with 
another  300  liters  of  liquid,  which  is  pressed  out.  The  process  is  then 
repeated  with  a  sufficient  quantity  of  menstruum,  so  that  when  it  is 
pressed  the  third  time  the  quantity  of  pressed  liquid,  or  official  fluid- 
extract,  will  amount  to  1000  liters. 

Preservation  of  Fluideztracts. — ^Fluidextracts  keep  well,  as  a  rule, 
and  the  precipitate,  often  occurring,  is  almost  invariably  inert.  Do  not 
think  that  home-made  fluidextracts  are  poor  because  there  is  a  sediment 
in  them  after  a  few  months.  The  manufacturers'  fluidextracts  do  the 
same  thing,  only  they  are  kept  in  the  factory  long  enough  to  allow  com- 
plete precipitation;  then  they  are  filtered  and  bottled. 

It  must  be  borne  in  mind,  however,  that  in  some  cases  the  precipitate 
formed  in  fluidextracts  contains  a  valuable  constituent,  and  in  this  case 
the  precipitate  should  be  retained.  Unfortunately,  we  have  as  yet  no 
table  showing  us  which  precipitates  should  be  retained  and  which  re- 
jected, and,  therefore,  at  present  it  is  customary  always  to  dispense 
fluidextracts  in  a  clear  form. 
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SPECIAL  NOTES  ON  THE  OFFICIAL  FLUIDE3CTRACTS 

There  is  such  great  sameness  in  most  of  the  49  official  fluidextracts 
that  what  is  said  about  one  of  them  applies  with  equal  force  to  almost 
all  the  others.  Their  strength  is  identical ;  their  manufacture,  as  to  minor 
details,  is  similar,  with  only  a  few  exceptions  to  break  the  monotony. 
Their  medical  properties  are  those  of  the  drugs  from  which  they  are  de- 
rived, and  will  be  left  for  discussion — as  in  all  other  galenics — until  the 
constituent  drug  is  considered.  Their  doses,  which  will  be  grouped  at 
the  close  of  this  section,  are  usually  the  same  as  the  constituent  drug,  the 
only  notable  exception  being  the  case  of  fluidextract  of  senna  (which  see). 

Hence,  while  there  are  a  large  number  of  official  fluidextracts,  they 
can  be  discussed  in  a  comparatively  small  space,  and  instead  of  giving, 
as  with  the  other  galenics,  a  table  of  preparations  followed  by  specific 
mention  of  each  fluidextract,  we  can,  after  study  of  the  general  formula 
for  fluidextracts  given  in  the  pharmacopoeia,  present  the  data  concerning 
most  of  the  indi\'idual  fluidextracts  in  tabular  form.  Before  presenting 
the  table,  it  should  be  noted  that  while  in  U.S.P.  VIII  there  were  85  officisd 
fluidextracts,  in  U.S.P.  IX  there  are  monographs  for  only  49.  Most  of 
those  deleted  have  been  given  recognition  in  the  National  Formulary. 

OFFICIAL  FLUIDEXTRACTS  MADE  BY  TYPE  PROCESS  A.     (See  p.  239.) 

FLUIDEXTRACTUM  BELLADONNiE  RADICIS— Fluidextract  of 

Belladoxma  Root 

(Fldext  Bellad.  Rad. — Fluid  Extract  of  Belladonna  Root) 

One  hundred  mUa  of  Fluidextract  of  Belladonna  Root  yields  not  less  than  0.405 
Gm.  nor  more  than  0.495  Gm.  of  the  alkaloids  of  belladonna  root. 
Condensed  Recipe, 

Belladonna  Root  in  No.  40  powder  (1000  Gm.)  is  percolated  with  the  menstruum, 
alcohol,  5  volumes;  water,  1  volume.  Of  the  percolate,  the  first  800  mils  are  reserved, 
the  rest  is  evaporated  to  a  soft  extract,  which  is  dissolved  in  the  reserved  portion. 
Aft«r  assay  of  a  i)ortion  of  this  fluid,  it  is  diluted  with  enough  menstruum  to  make  it 
the  proper  alkaloidal  strength.  'For  details,  see  U.S.P.,  p.  178. 

Remarks. — This  fluidextract  is  taken  as  the  type  simply  because  it 
is  the  first  representative  of  the  class  appearing  in  the  pharmacopoeia. 
In  stud3dng  the  recipe  given  above  it  will  be  found  that  the  menstruum 
used  throughout  the  process  consists  of  alcohol,  5  volumes;  water,  1  vol- 
ume; that  the  drug  is  to  be  in  a  No.  40  powder  and  that  800  mils  of  per- 
colate are  to  be  reserved.  It  will  also  be  noted  that  in  the  case  of  alka- 
loidal drugs,  the  product,  obtained  when  the  soft  extract  is  dissolved  in 
the  reserved  portion,  is  assayed  and  is  then  diluted  to  the  proper  alkaloidal 
strength.  In  making  fluidextracts  of  non-alkaloidal  drugs,  on  the  other 
hand,  the  liquid  resulting  from  dissolving  the  soft  extract  in  the  reserved 
portion  is  immediately  diluted  with  enough  menstruum  to  make  1  liter. 
All  these  points  are  mentioned,  since  they  form  the  basis  of  difference  be- 
tween this  and  the  other  fluidextracts  of  the  same  class.  These  other 
fluidextracts  will  be  found  below,  grouped  according  to  menstruum 
employed. 
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OTHER  OFFICIAL  FLUIDEZTRACTS  MADE  BT  TYPE  PROCESS  A 


* 

Fineness 

Menstruum 

Name 

powder 

Remarks 

Alcohol  (U.S.P.) 

Buchu. 

No.  40. 

Cannabis. 

No.  30. 

Assay  given. 

Cimicifuga. 

No.  40. 

Ginger. 

No.  40. 

Podophyllum. 

No.  40. 

Staphisagria. 

No.  20. 

Remove  separating  oil 
by  chilling  and  filtra- 

tion. 

Veratrum  Viride. 

No.  40. 

Alcohol,  6  volumes; 

water,  1  volume 

Digitalis. 

No.  30. 

Assay  given. 

Alcohol,  4  volumes ; 

water,  1  volume 

Eriodictyon. 

No.  30. 

Gelsemium. 

No.  40. 

Rhubarb. 

No.  30. 

Sabal. 

No.  20. 

Sumbul. 

No.  30. 

Alcohol,  3  vohimes; 

water,  1  volume 

Eucalyptus 
Grindeiia 

No.  30. 

No.  30. 

Guarana. 

No.  60. 

Assay  given. 

Hyoscyamus. 

No.  40. 

Assay  given. 

Nux  vomica. 

No.  40. 

Assay  given. 

Xanthoxylum. 

No.  30. 

Alcohol,  2  volume^}; 

water,  1  volume 

Colchicum  seed 

No.  40. 

Seeds  first  defatted  with 
purified  petroleum  ben- 
zin;  assay  given. 

Pilocarpus. 

No.  30. 

Assay  given. 

Viburnum  prunifolium. 

No.  30. 

Diluted  alcohol 

Gentian. 

No.  30. 

Sarsaparilla. 

Spigelia. 

Stillingia. 

No.  20. 

No.  40, 

■ 

No.  30. 

Alcohol,  1  volume; 

water,  2  volumes 

Senna. 

No.  40. 

OFFICIAL  FLUIDEXTRACTS  MADE  BY  TYPE  PROCESS  B 


FLUIDEXTRACTUM  ASPmOSPERMATIS— Fluidextract  of 

Aspidosperma 

(Fldext.  Aspidosp. — Fluid   Extract  of  Aspidosperma — Muidextract  of 

Quebracho) 

Condensed  Recipe, 

Aspidosperma  in  No.  30  powder  (1000  Gm.)  is  percolated  with  the  initial  men- 
struum— glycerin,  110  mils;  alcohol,  670  mils;  water,  220  mils — ^and  then  with  the  final 
menstruum— alcohol,  2  volumes;  water,  1  volume.  Reserve  the  first  850  mils  of 
percolate,  recover  the  alcohol  from  the  remainder,  evaporate  it  to  a  soft  extract, 
which  is  then  dissolved  in  the  reserved  portion.  Lastly  add  enough  of  the  final  men- 
struum to  make  1  liter  of  fluidextract.     For  details,  see  U.S.P,,  p.  177. 

Remarks. — The  fluidextracts  made  with  menstrua  containing  glycerin 
are  placed  in  a  class  separate  from  those  made  with  purely  hydro-alcoholic 
menstrua,  because  there  is  a  slight  difiference  in  the  method  of  manipula- 
tion. As  seen  in  the  above  typical  recipe,  in  making  1000  mils  of  the 
fluidextract,  only  the  first  1000  mils  of  menstruum  contains  glycerin;  the 
rest  of  the  menstruum  required  being  merely  alcohol  and  water.    This 
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necessitates,  in  the  table  given  below,  two  columns  for  menstrua,  the 
column  headed  "final  menstniiun"  being  that  employed  after  the  first 
1000  mils  of  menstrumn  (if  1000  Gm»  of  drug  are  being  percolated)  are 
used  up.  Bear  in  mind  that  if  repercolation  is  used,  the  first  (glycerinic) 
menstruuni  is  used  through  the  entire  operation.  The  same  obtains 
with  those  fluidextracts  prepared  with  a  menstruum  containing  acid  and 
these  are  therefore  included  in  the  table  given  below. 

In  making  fluidextracts  of  alkaloidal  drugs  of  this  class,  the  liquid 
obtained  by  dissolving  the  soft  extract  in  the  reserved  portion  is  assayed 
and  is  then  diluted  with  the  menstruum  to  the  proper  alkaloidal  strength. 


OTHER  OFFICIAL  FLUIDEZTRACrS  MADE  BT  TYPE  PROCESS  B 

Menstruum 

Name 

Fineness 

of 
pounds 

Beserved 
portion 

Final 
menBtruum 

Remarks 

Glycerin 100  1 

Alcohol 600 

Water 200 

Glycerin 100 

AlcohoL 500 

Water 400 


Glycerin 100  ] 

Alcohol 300 

Water 600 

GWcerin 100  1 

Diluted  hydrochloric  acid  .  100 
Alcohol 800 

Dilated  hydrochloric  add    100 

Alcobol 200 

Water 200 

Hydrochloric  acid 20  \ 

Diluted  alcohol 980  / 

Acetic  acid 50 

Alcohol 600 

Water 400 


Hydrastis 

Pomegranate 
Rose 

SarsapariUa, 
compound 
Taraxacum 


UvaUrsi 

Cinchona 

Ipecac 

Ergot 

Lobelia. 


No. 

40 

750  mils 

No. 
No. 

No. 

30 
20 
20 

850  mils 
850  mils 
850  mils 

No. 

30 

850  mils 

No. 

30 

800  mils 

No. 

40 

850  mils 

No. 

60 

800  mils 

No. 

40 

850  mils 

No. 

30 

850  mils 

( 


Alcohol,  2 
Water,  1 


Diluted  alcohol 
Diluted  alcohol 
Diluted  alcohol 

Diluted  alcohol 


Alcohol,  1 
Water,  2 


Alcohol,  4 
Water,  1 


f  Alcohol,  2 
\  Water,  3 


Diluted  alcohol 


Diluted  alcohol 


Assay  given 


See  p.  247 


given 


Assay  given 


It  will  be  noticed  that  the  last  four  fluidextracts  on  the  table  just 
given  are  prepared  with  an  initial  menstruum  containing  acid;  this  being 
added  to  fix  and  to  hold  in  solution,  the  alkaloid  characteristic  to  the 
drug.  The  last  on  the  list  is  fluidextract  of  lobelia  which  is  made  with 
an  initial  menstruum  containing  acetic  acid.  In  the  former  pharma- 
copoeia, this  fluidextract  was  prepared  with  10  per  cent,  acetic  acid  as 
menstruum  and  was  one  of  the  class  of  acetic  fluidextracts  (acetracts) 
which  were  then  being  recommended.  This  line,  however,  did  not  be- 
come very  popular. 

OFFICIAL  FLUIDEXTRACTS  MADE  BY  TYPE  PRCXZESS  C 


FLDIDEXTRACTUM  ACONITI— Fluidextract  of  Aconite 
(Fidext  Aconit — Fluid  Extract  of  Aconite) 

,  ^  hw^red  mila  of  Fluidextract  of  Aconite  vields  not  less  than  0.45  Gm.  nor  more 
wan  0.55  Gm.  of  the  ether-soluhle  alkaloids  of  aconite.  If  assayed  biologically  the 
minimum  lethal  dose  should  not  be  greater  than  0.00004  mil  for  each  gramme  of  body 
^*ight  of  the  guinea-pig. 
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Condensed  Recipe. 

Aconite,  in  No.  40  powcjer  (1000  Gm.),  is  percolated  a  menstruum  consisting  of 
3  volumes  of  alcohol  and  1  volume  of  water.  The  process  of  fractional  percolation 
(see  p.  241)  is  followed.  As  this  is  an  assayed  fluidextract,  920  mils  of  percolate  are 
collected,  a  portion  is  assayed  and  the  rest  is  diluted  with  the  menstruum  to  the  proper 
alkaloidal  strength. 

Remarks, — This  preparation  typifies  the  three  fluidextracts  prepared 
by  fractional  or  divided  percolation ;  the  others  being  tabulated  below. 
Note  that  both  a  chemicsd  and  a  biological  assay  is  provided  for  fluid 
extract  of  aconite. 


OTHER  OFFICIAL  FLUIDEXTRACTS  PREPARED  BY  TYPE  PROCESS  C 

Menstruum 

Name 

Fineness 
of  powder 

Remarks 

Alcohol 

Aromatic. 

Bitter  orange  peel. 

Made     from     aromatic 

Alcohol,  3;  water,  1. . . . 

No.  20. 

powder  U.S.P. 

OFHCHAL  FLUIDEXTRACTS  MADE  BY  TYPE  PRCXZESS  D 

FLUIDEXTRACTnM  CASCAHS  SAGRADiB— Fluidextract  of  Cascara 

Sagrada 

(Fldezt.  Cascar.  Sagr. — Fluidextractum  Rhamni  Purshian®,  U.S.P.  VIII 

Fluid  Extract  of  Cascara  Sagrada) 

Condensed  Recipe. 

Cascara  Sagrada,  in  No.  40  powder  (1000  Gm.),  is  mixed  with  5000  mils  of  boiling 
water;  is  macerated  for  two  hours  and  is  percolated,  enough  boiline  water  being  used 
to  exhaust  the  drug.  The  percolate  is  evaporated  to  750  mils  and  then  250  mils  of 
alcohol  are  added.     For  details  see  U.S.P.,  p.  179. 

Remarks. — This  preparation  is  representative  of  those  fluidextracts 
which  are  prepared  by  percolating  the  drug  with  boiUng  water,  followed 
by  the  evaporation  of  the  percolate  to  the  proper  volume,  after  which 
enough  alcohol  is  added  to  preserve  the  finished  product. 

Fluidextract  of  Frangula  is  prepared  exactly  as  is  that  of  cascara 
sagrada,  except  that  a  No.  30  powder  is  directed. 

Fluidextract  of  Triticum  is  hkewise  a  close  copy  of  that  of  cascara 
sagrada,  the  chief  differences  being  that  the  triticum  is  to  be  finely  cut, 
and  the  aqueous  percolate  is  to  be  evaporated  to  800  mils,  200  mils  of 
alcohol  then  being  added. 

Aromatic  fluidextract  of  cascara  sagrada  and  fluidextract  of  glycyr- 
rhiza  belong  in  the  class  of  aqueous  fluidextracts  preserved  with  alcohol, 
but  the  methods  by  which  they  are  prepared  are  sufficiently  different  to 
justify  giving  each  special  attention  a  few  pages  farther  on. 

SPECIAL  FLUIDEXTRACTS 

• 

Under  this  heading  are  grouped  the  few  remaining  official  fluidex- 
tracts which  either  do  not  lend  themselves  to  the  grouping  followed  on 
the  preceding  pages,  or  possess  some  peculiarity  worthy  of  special  mention. 


FLUIDEXTRACTS,   WINES,   OLEORESINS,   AND  VINEGARS         247 

FLUIDBXTRACTUM   SARSAPARILLiE  COMPOSITUM— Compound 

Fluideztract  of  Sarsaparilla 

(Fldext  Sarsap.  Co. — Compound  Fluid  Extract  of  Sarsaparilla) 

Condensed  Recipe, 

Ingredients, — Sarsaparilla,  750  Gm.;  slycyrrhiza,  120  Gm.;  sassafras,  100  Gm.; 
mezereum,  30  Gm.  First  menstruum,  ^ycerin,  100  mils;  alcohol,  600  mfls;  water, 
400  mils.     Final  menstruum,  diluted  alcohol. 

Manipulation. — Proceed  as  in  making  fluidextract  of  aspidosperma. 

Remarks. — This  preparation  belongs  to  those  fluidextracts  prepared 
by  Type  Process  B,  and  the  only  reason  it  is  grouped  in  the  special  class 
is  because  it  is  the  only  official  "  compound  "  fluidextract.  Note  carefully 
the  ingredients,  and  it  must  be  borne  in  mind  that  it  does  not  contain 
the  same  constituents  as  the  compound  syrup  of  sarsaparilla,  and  it  must 
in  no  instance,  therefore,  be  used  in  preparing  the  official  compoimd  syrup. 

FLUIDEXTRACTUM  CASCARiB  SAGRADiE  AROMATICUM— 

Aromatic  Fluidextract  of  Cascara  Sagiada 

(Fldezt    Cascar.    Sagr.    Atom. — Fluidextractum    Rhamni    Purshianse 
Aromaticum,  U.S.P.  VIII.  '  Aromatic  Fluid  Extract  of  Cascara  Sa- 
grada) 

Condensed  Recipe. 

Ingredients, — Cascara  sagrada,  1000  Gm.:  magnesium  oxide,  125  Gm.}  pure  extract 
of  glycyrrhiza,  40  Gm.;  glycerin,  200 mils;  alcohol,  250 mils;  benzosulphmide,  1  Gm.; 
oil  of  anise,  2.5  mils;  oil  of  cassia,  0.2  mil:  oil  of  coriander,  0.1  mil;  methyl  salicylate 
0.2  mil;  boiling  water,  enough  to  make  1  liter. 

Manipulation. — Mix  the  cascara  sagrada  with,  the  magnesium  oxide  and  with 
2000  mils  of  boiling  water.  Macerate  two  hours,  percolate  with  boiling  water  to 
exhaustion.  Evaporate  percolate  to  500  mils,  and  add  the  other  ingredients.  For 
details  see  U.S.P.,  p.  180. 

Remarks, — This  fluidextract  is  made  by  Type  Process  D,  all  general 
details  being  Uke  the  other  fiuidextracts  of  this  class.  The  important 
distinction  is  the  treatment  of  the  drug,  before  percolating,  with  magne- 
sium oxide,  this  being  done  to  remove  most  of  the  bitter  taste  from  the 
cascara  sagrada  (p.  791).  Note,  of  course,  the  constituents  added  to 
make  the  product  true  to  its  name,  "aromatic,"  these  constituents  being 
extract  of  glycyrrhiza;  oils  of  anise,  cassia  and  coriander;  and  methyl 
salicylate. 

FLUIDEXTRACTUM    GLYCYRRHIZiE— Fluidextract   of   Glycyrrhiza 

(Fldext    Glycyrrh. — ^Fluid    Extract    of    Glycyrrhiza.    Fluidextract   of 

Licorice) 

Condensed  Recipe. 

Moisten  glycyrrhiza  (1000  Gm.)  with  the  menstruum — ammonia  water,  300  mils; 
chloroform  water,  2700  mils.  Macerate  forty-eight  hours  after  packing  and  then 
percolate  to  exhaustion.  R^erve  first  500  mils  of  percolate,  evaporate  the  rest  to 
a  soft  extract,  dissolve  this  in  the  reserve  portion  and  add  enough  water  to  make 
750  mils.  Aad  250  mils  of  alcohol,  let  stand  seven  days,  filter  and  wash  the  filter 
.with  a  mixture  of  alcohol  and  water  to  make  1  liter.    For  details,  see  U.S. P.,  p.  185. 

Remarks. — This  preparation  is  made  by  percolating  the  drug  with  a 
cold  mixture  of  ammonia  water  and  chloroform  water;  the  latter  being 
used  instead  of  water  in  order  to  prevent  fermentation  of  the  glycyrrhiza 
during  percolation.     It  will  be  noted  that  the  first  500  mils  of  percolate 
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(from  1000  gm.  of  drug)  are  reserved,  while  the  weak  percolate  is  evap- 
orated to  a  soft  extract,  which  is  dissolved  in  the  reserved  portion.  The 
amount  of  alcohol  added  to  the  product  (250  mils)  is  merely  to  insure  the 
stabihty  of  the  finished  fluidextract.  This  fluidextract  of  glycyrrhiza  is 
similar  to  the  popular  commercial  forms  intended  "for  quinine  mixtures," 
and  is  much  superior  to  the  alcohoUc  fluidextract  of  the  pharmacopoeia 
of  1890. 

FLUIDEXTRACTUM  SENEGiE— Fluidextract  of  Senega 

(Fldezt.  Seneg. — Fluid  Extract  of  Senega) 

Condensed  Recipe. 

Senega,  in  No.  30  powder  (1000  Gm.))  is  moistened  the  menstruum — alcohol,  200C 
mils;  water,  1000  mils.  Macerate  forty-ei^ht  hours  after  packing  and  then  percolate 
to  exhaustion.  ^  Reserve  the  first  800  mils  of  percolate:  evaporate  the  rest  to  a 
soft  extract,  which  is  dissolved  in  the  reserved  portion.  Then  add  enough  ammonia 
to  make  product  faintly  aUcaUne  and  enough  menstruum  to  make  1  liter. 

Remarks. — This,  like  fluidextract  of  glycyrrhiza,  is  prepared  with  a 
menstruum  containing  ammonia.  In  the  case  of  glycyrrhiza,  however, 
the  menstruum  is  aqueous;  whereas  senega  is  percolated  with  a  hydro- 
alcoholic  menstruum  and  ammonia  water  is  added  after  percolation. 
The  ammonia  is  used  with  glycyrrhiza  to  faciUtate  solution  of  the  glycyr- 
rhizin  (p.  641).  Senega,  on  the  other  hand,  contains  pectinous  material 
(p.  649)  and  ammonia  is  employed  to  prevent  gelatinization  of  the  fin- 
ished fluidextract.  It  will  be  noticed  that  the  official  recipe  resembles 
Type  Process  A  and  that  Uke  fluidextract  of  glycyrrhiza  the  alcohol 
employed  is  chiefly  for  preservative. 

FLUIDEXTRACTnM  SCILLiE— Fluidextract  of  Squill 

(Fldext.  SciU.— Fluid  Extract  of  Squill) 

If  assayed  biologically  the  minimum  lethal  dose  should  not  be  greater  than  0.0006 
mil  of  Fluidextract.  or  the  ec^uivalent  in  Fluidextract  of  0.0000005  Gm.  of  ouabain, 
for  each  gramme  ot  body  weight  of  the  frog. 

Condensed  Recipe. 

Squill,  in  No.  20  powder  (1000  Gm.)  is  moistened  with  the  menstruiun — alcohoi 
2000  mils;  water,  1000  mils.  The  moist  drug  is  macerated  two  hours  before  and 
forty-eight  hours  after  packing  and  is  percolated  with  the  menstnumi.  After  col- 
lectmg  the  first  1000  mils  of  percolate  the  drug  is  allowed  to  macerate  for  tw^ve 
hours  and  after  the  second  1000  mils  are  collected  the  drug  is  macerated  again.  Then 
a  third  percolate  of  3000  mils  is  collected.  The  entire  percolate  is  evaporated  (recov- 
ering the  alcohol)  to  800  mils.  This  is  mixed  with  alcohol,  allowed  to  stand  twelve 
hours  and  then  filtered,  the  filter  being  washed  with  a  mixture  of  4  volumes  of  alcohol 
and  1  volume  of  water.  The  filtrate  is  distilled  (to  recover  the  alcohol)  and  is  con- 
centrated to  800  mils.  Finally  enough  diluted  alcohol  is  added  to  make  1  liter.  For 
details  see  U.S.P.,  p.  192. 

Remarks. — It  will  be  noticed  that  in  the  recipe  just  given,  the  squill 
is  percolated  with  a  hydro-alcoholic  menstruum;  that  the  entire  percolate 
is  then  concentrated  (the  alcohol  being  recovered) ;  and  that  the  concen- 
trated aqueous  fluid  is  mixed  with  alcohol,  in  order  to  precipitate  the 
mucilaginous  matter  that  was  contained  in  the  percolate.  The  filtrate 
and  strongly  alcoholic  washings  are  again  concentrated,  enough  diluted 
alcohol  being  added  to  the  concentrate  to  make  the  finished  fluidextract 
a  stable  product. 

Compound  Fluidextract  of  Bttchtt  (N.F.)  is  made  from  ground  buchu,  cubeb, 
juniper  and  uva  ursi,  by  TyP©  Process  A;  the  menstruum  being  2  volumes  of  alcohol 
and  1  volume  of  water.     Dose. — 2  mils  (30  minims). 
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Fltiideztract  of  Chestnut  leaves  (N.F.)  is  prepared  by  making  a  hot  infusion  of 
^astanea  and  after  separating  the  liquid  by  expression,  the  marc  is  exhausted  by 
percolation  with  cold  water.  The  aqueous  extract  is  then  concentrated,  mixed  with 
dcohol  (to  precipitate  mucilage)  filtered  and  the  filtrate  concentrated.  To  the  evapo- 
■ated  liquid  ^ycerin  and  alcohol  are  added.  A  similar  preparation,  recognized  in  the 
iharmacopoeia  of  1880,  was  reported  as  of  service  in  whooping  cough.  Dose.— 4  mils 
[1  fluidrachm). 

Aqueous  Fluidextract  of  Cinchona  (N.F.)  is  prepared  by  percolating  red  cinchona 
nth  water  containing  glycerin  and  hydrochloric  acid.  The  manipulation  resembles 
Fype  Process  B;  the  :final  menstruum  being  water.  To  the  concentrated  percolate. 
:here  is  added  enough  alcohol  to  preserve  it.  It  should  contain  4.5  to  5.5  per  cent,  of 
sinchona  alkaloids  and  an  assay  is  ^ven.  It  resembles  Battley's  Liquid  Cinchona,  a 
preparation  that  was  very  popular  m  England  and  this  country  a  score  of  years  ago. 
Dcwc. — 1  mil  (15  minims). 

Compound  Fliddeztract  of  StillingJa  (N.F.)  is  prepared  from  stillingia,  corydalis, 
iris,  sambucus,  chim&phila,  coriander  and  xanthoxylum  berries,  by  Type  Process  B. 
The  first  menstruum  consists  of  glycerin,  250;  alcohol,  500;  water,  250;  while  the  final 
menstruum  is  diluted  alcohol.    Dose. — 2  mils  (30  minims). 

Fluidextract  of  Wild  Cherry  OJ.S.P.  VIII;  N.F.  IV)  is  made  by  moistening  wild 
cherry  bark  first  with  a  mixture  oi  glycerin  ana  water;  then  with  a  mixture  of  alcohol 
2  volumes  and  water  1  volume.  The  moistened  drug  is  then  percolated  with  the  men- 
stmum  just  mentioned  and  the  fluidextract  is  fimshed  by  what  is  practically  Tvpe 
Process  B.  This  manipulation  is  not  that  which  obtained  in  the  recipe  of  the  last 
pharmacopoeia,  which  directed  that  1000  Gm.  of  drug  be  percolated  with  a  menstruum 
consisting  of  alcohol^  water  and  glycerin  until  1000  mils  of  percolate  were  obtained. 
Dose.— 2  mils  (30  mmims). 


Note, — The 
of  Latin  and  E 
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Prooeoaefl  A,  B,  C,  and  D  are  the  same  as  those  of  the  pharmaooposia. 
ih  names,  the  name  of  the  drug  only  is  given. 


Instead 


Name 

Type 
process 

First  menstruum 

Final 
men- 
struum 

Remarks 

( figures    indicate 

dose) 

Adonis 

A 
A 
A 
B 

A 
A 
A 
A 
A 
A 

A 
B 

A 
A 
A 

A 
A 
A 

A 
B 

A 
A 
C 

A 
A 
A 
B 

A 
A 
A 
A 
A 
A 

Alcohol,  3;  water,  1. 
Diluted  alcohol. 
Alcohol. 

Glycerin    100;    alcohol,    600; 
water,  300. 

Alcohol,  2;  water,  1. 
Diluted  alcohol. 
Diluted  alcohol. 
Alcohol,  3;  water,  1 
Diluted  alcohol. 
Alcohol. 

Alcohol. 

Qlycerin.    100;     alcohol,     800 

water.  100. 
Alcohol,  3;  water,  4. 
Alcohol,  3;  water,  1. 
Alcohol. 

Diluted  alcohol. 
Alcohol,  3;  water,  1. 
Diluted  alcohol. 

Alcohol,  3;  water,  1. 
Glycerin,     65;     alcohol,     250; 

water.  686. 
Alcohol,  2;  water,  1. 
Diluted  alcohol. 
Acetic  acid,  20;  diluted  alcohol, 

980. 
Alcohol,  2;  water,  1. 
Alcohol,  3;  water,  1. 
Diluted  alcohol. 
Glycerin,  150;  diluted  alcohol, 

850. 

Alcohol,  3;  water,  1. 
Alcohol. 
Alcohol. 
Diluted  alcohol. 
Alcohol.  3;  water,  1. 
Alcohol,  4;  water,  1. 

None. 
None. 
None. 
Alcohol  3; 
water,  2. 

None. 
None. 
None. 
None. 
None. 
None. 

None. 
Alcohol  4; 
water,  1. 
None. 
None. 
None. 

None. 
None. 
None. 

None. 
Alcohol  1 : 
water,  3. 
None. 
None. 
None. 

None. 

None. 

None. 
Diluted 
alcohol. 

None. 

None. 

None. 

None. 

None. 

Nona. 

0.125 mil  (2  minims). 

Aletris 

2  mils  (30  minims). 
2  mils  (30  minims). 

Angeliea  root 

AjMcynnm 

0 .  75  mil  (12  minims) . 

Aralia 

Use  cautiously.    Bi- 
oloeioal  assay  given. 
2  mtb  (30  minims). 

Arnica  flowers 

1  mil  (15  minims). 

Asdepias 

2  mils  (30  minims). 

Baptuia 

1  mil  (ift  Tpinimff)- 

Berberis 

2  mils  (30  minims). 

Boldo 

0.5  mil  (8  minims). 

Baehu  compound 

See  D.  248. 

No  dose  given. 

2  mils  (30  minims). 

CalenduU. 

Calumba 

Catnip 

4  mils  (1  fluidrachm). 

Caolophynum 

0.5  mil  (8  minims). 

Celery  fmit 

2  mils  (30  minims). 

CbesUiut  leaves 

See  above. 

Chimaphila 

2  mils  (30  minims). 

ChionanUms 

2  mils  (30  minims). 

CHrata 

1  mil  (15  minims). 
See  above. 

Cinchona,  aqueous 

Codllana 

Coffee 

1  mil  (15  minims). 

2  mils  (30  minims). 

0.2  mil  (3  minims). 

Colcbieom  Corm 

Condnraago 

4  mils  (1  fluidrachm). 

Coninin. 

Assay   ^ven  0.2  mil 

(3  mimms). 
0.5  mil  (8  minims). 
0t5  mil  (8  minims). 

ConT»Uaria  flowers 

Convallaria  root 

C«ptia. . . . 

2  mils  (30  minims). 
2  mils  (30  minims). 

0.65  mil  (10  minims). 
2  mils  (30  minims). 
1  mil  (15  minims). 

1  mil  (15  minims). 

2  mils  (30  minims). 

4  mils  (1  fltiidrachm). 

Comus .....'.'.'.'.'.'... 

Corydalia 

Cotton  root  bark 

cubeb :T.  ......... 

Cyprepedium 

Damiaoa 
DioKoreaV.'.'.!.;;'.!!!!!; 

— 
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Name 


Type 
proceos 


First  menstruum 


Final 

men- 

struum 


Remarks 

(figures    indicate 

dose) 


Droeera 

Dulcamara 

Echinacea 

Euonymus 

Eupatorium 

Euphorbium  pilulifera. 

Fucua 

Galega 

Geranium 


Hamamelis  leaves 


Heliantliemum . 

Helonias 

Hope 

Hydrangea 

IriB  vernoolor . 
Jalap 


Juglans. 


Juniper. . . 

Kava 

KoU 

Krameria. 


Lappa 

Leptandra. . . 

Lupulin 

Matico 

Mesereum. . , 

Paracoto 

Pareira 

Parsley  root 
Phytolacca. . 


Quassia. 
Quercus. 


Rhamnus  catharticus. 
Rhus  glabra 


Rubus 

Rumex 

Sanguinaria. 


Scoparitts 

Scutellaria 

Senecio 

Serpentaria 

Solanum 

Stillingia  compound. 

Stramonium 

Thuja. 

Thyme 


Trifolium 

Trillium 

Valerian 

Verbascum 

Verbena 

Viburnum  opulus 

Wild  cherry 

Zea 


A 
A 
A 
A 
A 
A 
A 
A 
B 


A 
A 
A 
A 
A 
A 


A 
A 
A 

B 

A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
B 

A 

B 

A 
A 
B 

A 

A 
A 
A 
A 


A 

A 
B 

A 
A 
A 
A 
A 
A 


Alcohol,  2;  water,  1. 

Diluted  alcohol. 

Alcohol,  4;  water,  1. 

Alcohol,  4;  water,  1. 

Diluted  alcohol. 

Diluted  alcohol. 

Alcohol,  3;  water,  1. 

Diluted  alcohol. 

Glycerin,    100;    alcohol.    600; 

water.  300. 
Glycerin,    100:    alcohol,    300; 

water,  GOO. 
Diluted  alcohol. 
Diluted  alcohol. 
Alcohol,  5;  water,  3. 
Alcohol,  3;  water,  2. 
Alcohol. 
Alcohol. 


Glycerin,     100;    alcohol.     500; 

water,  400. 
Diluted  alcohol. 
Alcohol,  3;  water,  2. 
Alcohol.  2;  water,  1. 
Glycerin,    100;    alcohol.    500; 

water,  400. 
Diluted  alcohol. 
Diluted  alcohol. 
Alcohol. 

Alcohol,  3;  water,  1. 
Alcohol,  4;  water,  1. 
Alcohol,  9;  water.  1. 
Diluted  alcohol. 
Alcohol,  2;  water,  1. 
Diluted  alcohol. 

Alcohol.  1;  water,  2. 

Glycerin.  100;  alcohol,  500;  wa- 
ter. 400. 

Diluted  alcohol. 

Glycerin,  100;  alcohol,  500; 
water,  400. 

Diluted  alcohol. 

Diluted  alcohol. 

Citric  acid.  100;  water  250; 
alcohol.  750. 

Diluted  alcohol. 

Diluted  alcohol. 

Alcohol,  2;  water,  1. 

Alcohol,  4;  water,  1. 

Alcohol,  2;  water,  1. 


Alcohol,  2;  water,  1. 
Alcohol. 

Glycerin.    100;    alcohol,    250; 
water,  650. 
Diluted  alcohol. 
Alcohol,  3;  water  1. 
Alcohol,  4;  water,  1. 
Diluted  alcohol. 
Diluted  alcohol. 
Alcohol,  2;  water,  1. 


Diluted  alcohol. 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
Alcohols; 

water,  2. 
Alcohol  1; 

water,  2. 
None. 
None. 
None. 
None. 
None. 
None. 


Diluted 
alcohol. 

None. 

None. 

None. 

Diluted 
alcohol. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 
Diluted 

alcohol. 
None. 
DUuted 

alcohol. 
None. 
None. 
Alcohols; 

water,  1. 
None. 
None. 
None. 
None. 
None. 


None. 
None. 
Alcohol  1 ; 
water,  3 
None. 
None. 
None. 
None. 
None. 
None. 


None. 


4  mils  (1  fluidrachm). 
4  mib  (1  fluidrachm). 

1  mil  (15  minims). 
0.5  mils  (  8  minims). 

2  mils  (30  minims). 
2  mils  (30  minims). 
0.65  mil  (10  minims). 
4  mils  (1  fluidrachm). 

1  mil  (15  minims). 

2  mils  (30  minims). 

4  mils  (1  fluidrachm)  V 

2  mils  (30  minims). 

2  mils  (30  minims). 

2  mils  (30  minims). 

2  mils  (30  minims). 

Sukd  used  in  percol- 
ation 1  mu  (15 
minims) . 

4  mils  (1  fluidrachm). 

4  mUs  (1  fluidrachm). 
1  mil  (15  minims). 
4  mils  (1  fluidrachm). 

1  mil  (15  minims). 

2  mils  (30  minims). 

1  mil  (15  minima.! 
0.5  mil  (8  minims). ) 
4  mils  (1  fluidrachm. 
No  dose  given. 

0.3  mil  (5  minims). 

2  mils  (30  minims). 
2  mils  (30  minims). 
Dose,    as   alterative, 

0.1  mil  (m  minimi^). 
0.5  mil  (8  minima). 
1  mil  (15  minims). 

1  mil  (15  minimn.) 
1  mil  (15  minims). 

1  mil  (15  minims). 

4  mUs  (1  fluidrachm). 

0.1  mil  (m  min- 
ims). 

1  mil  (15  minins). 

1  mil  (15  minims). 

4  mils  (1  fluidrachm). 

1  mil  (15  minims). 

4  mils  (1  fluidrachm). 

See  p.  249). 

0.05  mil  (I  minim). 

2  mils  (30  minims). 
4  mils  (1  fluidrachm). 

4  mils  (1  fluidrachm). 
2  mils  (SO  minims). 
2  mils  (30  minims). 
4  mils  (1  fluidrachm). 

1  mil  (15  minims). 

2  mils  (30  minims). 
See  p.  249. 

4  mils  (1  fluidrachm). 


DOSES  OF  THE  OFFICIAL  FLUIDEXTRACTS 

0.03  mil  (^  zninim) Fluidextracts  of  aconite  and  geLsemiuin. 

0.05  mil  (1  minim) Fluidextracts   of  belladonna   root,   digitalis, 

il)ecac  (as  expectorant)  and  nux  vomica. 
0.10  mil  (l}4  minims) Fluidextracts ot  cannabis,  squill,  and  veratrum 

viride. 

0.15  mil  (2^  minims) Fluidextract  of  lobelia. 

0.2  mil  (3  minims) Fluidextracts  of  oolchicum  seed  and  hyoscya* 

mus. 
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0.50  mil  (8  minims) Muidextract  of  podophyllum. 

1.00  mil  (15  minims) Fluidextracts  of  aromatic,  bitter  orange  peel, 

cascara  sagrada,  cimicifuga,  cinchona,  erio- 
dictyon,  franguUi  gentian,  ginger,  rhubarb, 
sabal  and  senega. 

2.00  mils  (30  minims) Fluidextracts  of  buchu,  cascara  sagrada  aro- 
matic, ergot,  eucalyptus,  glycyrrhiza,  grin- 
delia,  guarana,  hydrastis,  pilocarpus,  pome- 
granate, rose,  sarsaparilla,  sarsaparilla 
compoimd,  senna,  stillingia,  sumbul,  uva 
ursi,  viburnum  prunifolium,  and  xanthoxy- 
lum. 

4.00  mils  (1  fluidrachm) Fluidextract  of  aspidosperma,  spi^lia. 

10.0  mils  (2^  fiuidraclmis) Fluidextracts  of  taraxacimi  and  triticum. 

No  dose  given  by  pharmacopceia  ....   Fluidextract  of  staphisagria. 

OFFICIAL  FLUIDEXTRACTS  DIRECTED  TO  BE  ASSAYED,  CHEIHCALLY 

(D«taila  in  Chapter  LV) 

Fluidextract  Assayed  strength 

Aconite 0 .  45    to  0 .  55    per  cent,  ether-soluble  alkaloids  from  aconite. 

Belladonna  root 0.405  to  0.405  per  cent,  alkaloids  from  belladonna. 

Cinchona 4.0     to5.0     per  cent,  alkaloids  from  cinchona. 

Colchicum  seed 0 .  36    to  0 .  44    per  cent,  colchicine. 

Guarana 3.6      to  4.4      per  cent,  caffeine. 

Hydrastis 1.8     to2.2      per  cent,  ether-soluble  alkaloids  from  hydrastis. 

Hyoecyarous 0.055  to  0.075  per  cent,  alkaloids  from  hyoscvamus. 

Ipecac 1.8      to2.2      per  cent,  ether-soluble  alkaloids  from  ipecac. 

Nux  vomica 2 .  37    to  2 .  63    per  cent,  alkaloids  from  nux  vomica. 

Pilocarpus 0.55    to  0.65    per  cent,  alkaloids  from  pilocarpus. 

OFFICIAL  FLUIDEXTRACTS  DIRECTED  TO  BE  ASSAYED  BIOLOGICALLY 

Fluidextract  Lethal  dose 

Cannabis (incodrdination) 

Digitalis 0.0006  mil. 

Squill 0.0006  mil. 

FLUIDGLYCERATES 

This  is  a  class  of  glycerinic  fluidextracts  suggested  by  Beringer,  in  which  instead 
ot  alcohol  and  water,  a  mixture  of  a^ycerin,  500  mils  and  water,  1500  mils  is  employed 
as  the  first  menstruum  and  chloroform  water  as  the  final  menstruum;  the  manipula- 
tion being  similar  to  Type  Process  B  used  in  making  fluidextracts.  They  contain 
approximatelv  50  per  cent,  by  volume  of  glycerin  and  represent  in  each  mil  the  activity 
of  X  Gm.  of  the  drug  employed.  A  general  formula  is  given  in  the  National  Form- 
ulary for  fluid  glycerates  and  special  recipes  are  provided  for  the  following: 

Flaidjglycerate  of  Cascara  Sagrada,  prepared  as  outlined  above  from  cascara 
sagrada  in  No.  20  powder. 

Aromatic  Fluidglycerate  of  Cascara  Sagrada,  prepared  by  treating  cascara  sagrada 
with  lime  (see  p.  791)  after  which  it  is  percolated  with  the  glycerinic  menstruum  and 
then  with  chloroform  water;  and  a  concentrated  liquid  preparation  of  bitterless  cas- 
cara sagrada  is  obtained  bv  manipulation  resembling  T^e  Process  B.  This  concen- 
trate is  then  mixed  -with  fluidglycerate  of  glycyrrhiza  and  with  oils  of  fennel,  clove 
and  cinnamon :  the  finished  preparation  bemg  adjusted  so  that  each  liter  represents 
the  strength  of  750  Gm.  of  cascara  sagrada  and  250  Gm.  of  glycyrrhiza. 

Fluid^ycerate  of  Glycjrrrhiza  is  prepared  with  a  menstruum  containing  50  mils 
of  ammonia  water  in  600  mils  of  glycerin-water  menstruum;  the  manipulation  being 
like  that  provided  in  the  general  formula. 

Fluidglycerate  of  Krameria  is  prepared  from  krameria  in  No.  20  powder,  as  out- 
lined above. 

Fluidglycerate  of  Rhubarb  b  similarly  prepared. 

WINES 

Wines  are  alcoholic  liquids  prepared  from  drugs  by  the  process  of  solution,  macera- 
tion, or  percolation,  differing  from  tinctures  only  in  the  solvent  employed — ^wine 
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being  used  instead  of  various  strengths  of  alcohol.  While  wines  represent  one  of  the 
oldest  forms  of  liquid  pharmaceutical  preparations,  the  ei^ht  recognized  in  U.S. P.  VIII 
were  dropped  in  tne  last  revision  along  with  the  basic  fluids,  red  wine  and  white  wine; 
since  it  was  claimed  that  tinctures  and  fluidextracts  covered  the  therapeutic  needs  as 
far  as  alcoholic  pharmaceuticals  are  concerned.  The  National  Formulary,  however, 
recognizes  the  15  wines  tabulated  below : 


WINES  OF  THE  NATIONAL  FORBIULARY 


Latin  name 


English  name  or 
synonym 


Ingredients  and  method  of  compound- 
ing (figures  show  amount  usckI    in 
1000  mils) 


Remarks 


Vinum  antimonii. .  . 


Vinum     aurantii 
compositum. 


Wine  of  antimony.   Antimony'  and  potassium   tartrate.  4 

gm.;  boiling    distilled    water;    sherry 
wine.    Made   by   solution. 


Compound  elizir 
of  orange. 


Vinum  carnis Wine  of  beef. 


Vinum     carnis     et 
ferri. 


Vinum  colchici 

oormi. 


Vinum  colchici 

seminis. 


Vinum  ferri. 


Vinum    ferri    ama- 
rum. 

Vinum  fraxini 


Vinum  ipeoaouanha. 


Vinum  pepsini. 


Vinum  picis. 


Vinum  pruni  virgin- 
ian». 


Vinum      pruni    Vir- 
ginian»  ferratum. 


Vinum     rhei     com- 
positum. 


Beef,   wine  and 
iron. 


Wine    of    colchi- 
oum  corm. 


Wine  of  colchi- 
cumseed  (U.S.P. 
VIII). 


Wine     of     iron 
(U.S.P.  VIII). 


Bitter  wine  of 
iron  (U.S.P. 
VIII). 

Wine  of  white 
ash. 


Wine    of    ipecac 
(U.S.P.  vni). 


Wine  of  pepsin. 


Wine  of  tar. 


Wine      of      wild 
cherry. 


Ferrated    wine  of 
wild  cherry. 


Compound    wine 
of  rhubarb. 


Bitter  orange  peel;  absinthium;  men- 
yanthes;  cascarilla;  Saigon  cinnamon; 
gentian;  potassium  carbonate;  sherry 
wine.     Made  by  percolation. 

Extract  of  beef;  water;  ssrrup;  alcohol; 
compound  spirit  of  orange;  sherry 
wine.     Made  by  solution. 


Contains  ingredients  just  ^ven  and 
also  iron  and  ammomum  citrate  and 
enough  ammonia  water  for  neutrali- 
sation.    Made  by  solution. 

Colchicum  corm,  400  Gm.;  alcohol; 
sherry  wine.     Made  by  percolation. 


Fluidextract  of  colchicum  seed,  100 
mils;  alcohol;  sherry  wine.  Made  by 
solution. 


Iron  and  ammonium  citrate;  tincture 
of  sweet  orange  peel;  ssrrup;  sherry 
wine.     Made  by  solution. 

Iron  and  quinine  dtrate;  tincture  of 
sweet  orange  peel;  ssrmp;  sherry  wine. 
Made  by  solution. 

White  ash  bark;  5(X)  Gm.;  alcohol; 
sherry  wine.  Made  by  maceration 
and  percolation. 

Fluidextract  of  ipecac,  100  mils;  alco- 
hol; sherry  wine.     Made  by  solution. 


Qlycerite  of  pepsin,  200  mils;  alcohol; 
sherry  wine.     Made  by  solution. 

Tar,  100  Qm.;  water;  alcohol;  sherry 
wine.     Pumice  as  clarifier.     Made  by 
trituration  and  filtration. 

Wild  cherry,  250  Gm.;  water;  alcohol; 
sugar;  sherry  wine.     Purified  talc  as 
clarifier.     Percolate  the  drug  with  the 
menstruum,  dissolve  sugar  in  the  per- 
colate and  then  clarify. 

Tincture  of  ferric  citro-chloride,  80 
mils;  wine  of  wild  cherry.  Made  by 
solution. 

Fluidextract  of  rhubarb,  80  mils;  fluid- 
extract  of  bitter  orange  peel;  tincture 
of  cardamon;  sugar;  sherry  wine. 
Made  by  solution. 


Similar  to  the  redpe 
of   U.8.P.    VIII. 

Doae. — 1      mil     (15 
minims). 

Do««.— 4      mils      (1 
fluidrachm) . 


Doae. — 8  mils  (2  flui- 
drachms). 


Do9e. — 8  mils  (2  flui- 
drachms). 


Should  assay  0.126 
to  0.154  per  cent,  of 
colchicine.  Doae. — 
0.6  mil  (10  minims). 

Should  assay  0.036 
to  0.044  per  cent,  of 
colchicine.  Doae. — 
2  mils  (30  minims). 

Doae. — 8  mils  (2  flui- 
drachms). 


Doae. — 8  mils  (2  flui- 
drachms). 


Doae.— A  mils  (1  flui- 
drachm.) 


Should  assay  0.180 
to  0.220  |>er  cent  to- 
tal alkaloid.  Doae.^ 
1  mil  (15  minims). 

Doae. — 8  mils  (2  flui- 
drachms). 

Doae. — 8  mils  (2  flui- 
drachms). 


Doae. — i  mils  (1  flui- 
drachm.) 


Doae.^-4  mils(l  flui- 
drachm.) 

Doae. — 4  mils  (I  flui- 
drachm). 


OLEORESmS 

The  pharmaceutic  oleoresins  are  liquid  preparations  of  drugs,  con- 
taining volatile  oil  and  resin,  obtained  by  percolation  of  such  drug  with 
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acetone,  ether,  or  alcohol,  and  subsequent  distUlatioD  of  the  solvent  from 
the  dissolved  oleoresins. 

There  are  two  classes  of  oleoresins — the  nattiral  clearegina  and  the 
pharmacetilic  oleoresins.  The  former  are  mixtures  of  volatile  oil  and  resin 
exuding  from  plants,  and,  as  example  of  these,  may  be  cited  the  drt^ 
turpentine  and  copaiba,  which  are  discussed  in  Chapter  XLVII.  These 
are  quite  different  from  the  pharmaceutic  oleoresins  defined  above  as 
being  made  by  percolation  with  the  appropriate  solvent. 

It  ia  self-evident  that  we  can  prepare  pharmaceutic  oleoresins  only 
from  such  drugs  as  contain  volatile, oil  and  resin;  that  such  preparations 
as  "oleoresin  of  cinchona"  and  "oleoresin  of  gentian"  are  impossible, 
since  neither  drug  contains  oil  and  resin  in  appreciable  quantities.  As 
drugs  containing  oil  and  resin  are  not  very  abundant,  the  number  of 
oleoresins  is  limited,  only  six  being  official. 

Manufacture. — The  pharmaceutic  oleoresins  are  manufactured  by 
placing  the  drug  vyithout  moistening  in  a  suitable  apparatus, 
and  percolating  with  the  appropriate  solvent.  When  the 
solvent  is  distiIled]from  the  percolate,  there  is  a  small  quan- 
tity of  oily  liquid  left  behind,  and  this  constitutes  the 
official  oleoresin. 

If  the  menstruum  used  in  percolation  is  alcohol,  the 
e^raction  is  carried  on  in  an  ordinary  percolator;  but  if 
the  solvent  is  acetone  or  ether,  extraction  in  an  ordinary 
percolator  is  both  wasteful  and  dangerous,  by  reason  of 
the  inflammability  of  the  solvent. 

In  such  cases,  percolation  must  be  conducted  in 
apparatus  so  arranged  to  reduce  evaporation  to  the 
minimum.  Such  a  percolator  is  pictured  in  Fig.  177. 
Of  course,  both  percolator  and  receiving  bottle  cannot 
be  tightly  corked,  else  the  dropping  of  the  liquid  would 
be  impossible.  Accordingly,  the  corks  closing  the  tops  of 
the  percolator  and  receiving  bottle  are  pierced  by  glass 
tubes  drawn  to  tapering  points,  through  which  the  ^r  may 
pass  without  very  great  evaporation  of  the  ether. 

It  is  found  convenient  to  connect  these  glass  tubes 
with  a  rubber  tube,   although  some  sticklers  disapprove  'ii"':JJ'~^uf^''' 
of  the  use  of  the  rubber  tubing  by  reason  of  the  contamina-     *"     '™'"' 
tion,  through  possible  solution,  of  a  small  part  of  the  rubber  by  the  vapors 
of  ether  as  they  pass  through. 

Strength. — fiie  strength  of  oleoresins  is  uncertain,  inasmuch  as  dif- 
ferent samples  of  the  same  drug  may  contain  entirely  different  amounts 
of  their  oleoresinous  constituent.  The  oleoresins,  however,  represent 
the  most  concentrated  form  of  liquid  pharmaceuticals,  being  usually 
from  five  to  ten  times  stronger  than  the  drug. 

TABLE  OP  OFnOAI.  OLEORESINS 

(All  Oalbhic) 

SoUmat 

(Oleoresin  of  a«pidtum. 
Oleoresin  of  capsicum. 
Oleoresin  of  ginger. 
Oleoresin  of  parsley  fruit. 
I  Oleoresin  of  pepper. 
AUokiA Oleoreain  of  cubeb. 
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SPECIAL  NOTES  ON  OFFICIAL  OLEORESINS 

OLBORESINA  ASPmn— Oleoresin  of  Male  Fern 

(Oleores.  Aspid. — Oleoresin  of  Malefern) 

Condensed  Recipe, 

Freshly  ground  aspidlum  (500  Gm.)  is  exhausted  by  percolation  with  ether  in  a 
volatile  liquid  percolator.  Most  of  the  ether  is  recovered  from  the  percolator  by  dis- 
tillation and  residue  is  freed  from  the  rest  of  the  ether  by  spontaneous  evaporation. 
For  details  see  U.S.?.,  p.  282. 

Remarks. — The  precipitate  that  forms  in  this  oleoresin  consists  of  the 
valuable  constituent,  fihcic  acid,  and  this  oleoresin  must,  therefore,  be 
dispensed  with  a  "shake''  label. 

Note  that  the  drug  used  must  be  freshly  ground. 

Dose. — 2  Gm.  (30  grains).     Caxdion, — Give  single  dose  once  a  day. 

OLEORESINA  CAPSICI— Oleoresin  of  Capsicum 

(Oleores.  Capsic.) 

Condensed  Recipe. 

Capsicum,  m  No.  40  powder,  is  exhausted  by  percolation  with  ether.  The  pro- 
cedure is  exactly  as  in  making  oleoresin  of  aspidium,  except  that  the  residue,  freed 
from  ether,  is  filtered  through  cotton.     For  details  see  U.S.T.,  p.  282. 

Remarks. — In  preparing  the  oleoresin,  the  residue  after  evaporation 
of  the  ether  consists  of  the  oleoresin  plus  a  certain  quantity  of  inert 
fatty  substance,  which  is  separated  from  the  valuable  liquid  by  straining 
through  the  cotton.  The  oleoresin  of  capsicum  is  used  in  the  preparation 
of  capsicum  plaster. 

l)ose. — 30  milligrammes  (J^  grain). 

OLEORESmA  CUBEBiB— Oleoresin  of  Cubeb 

(Oleores.  Cubeb.) 

Condensed  Recipe. 

Cubeb,  in  No.  30  powder^  is  percolated  to  exhaustion  with  alcohol.  Most  of  the 
alcohol  is  recovered  by  distillation  and  the  remainder  is  removed  by  spontaneous 
evaporation.     For  details  see  U.S. P.,  p.  283. 

Remarks. — ^Note  that  this  is  the  only  official  oleoresin  made  by  per- 
colating a  drug  with  alcohol.  Note  that  the  waxy  precipitate  is  to  be 
rejected,  since  it  is  inert  and  not  valuable,  as  is  the  precipitate  in  oleoresin 
of  aspidium.    This  oleoresin  is  a  constituent  of  the  official  troches  of  cubeb. 

Dose. — 600  milligrammes  (8  grains). 

OLEORESmA  PETROSELINI— Oleoresin  of  Parsley  Ffuit 

(Oleores.  Petrosel. — Liquid  Apiol) 

Condensed  Recipe. 

Parsley  fruit,  in  No.  60  powder  (500  Gm.),  is  exhausted  by  percolation  with  ether. 
The  procedure  is  exactly  as  in  making  oleoresin  of  aspidium,  except  the  clear  liquid 
oleoresin  is  decanted  from  the  solid  residue  after  five  days  of  sedimentation. 

Remarks. — This  new  official  is  commonly  called  apiol  although  it  is 
not  the  true  chemical  bearing  the  name.  (See  p.  722.)  It  is  used  as  an 
emmenagogue  and  that  so  frequently  illegitimately  that  in  some  states 
its  sale  is  prohibited  except  upon  a  physician's  prescription. 

Dose.— 0.5  mil  (8  minims). 
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OLEORBSINA  PIPERIS-^Oleoresin  of  Pepper 

(Oleores.  Piper.) 

Condensed  Recipe, 

Pepper,  in  r^o,  40  powder  (500  Gm.)  is  exhausted  by  percolation  with  ether. 
The  procedure  is  exactly  as  in  making;  oleoresin  of  capsicum ;  the  filtration  through 
cotton  being  designed  to  remove  the  piperin. 

Remarks. — This  is  prepared  like  the  oleoresin  of  capsicum.  After 
the  ether  has  mostly  evaporated,  the  piperin  begins  to  crystalhze  from 
the  liquid,  and  the  pharmacopoeia  directs  that  these  crystals  of  piperin 
be  removed  from  the  oleoresin  by  straining  through  cotton. 

This  oleoresin  is  prescribed  in  the  South  as  oil  of  black  pepper. 

Dcwe.— 50  milligrammes  (3^  grain). 

OLEORBSINA  ZmGIB£RIS--01eore8in  of  Ginger 

(Oleores.  Zingib.) 

Condeneed  Redw. 

Made  like  oleoresin  of  aapidium,  except  that  the  drug  is  to  be  in  a  No.  60  powder 
and  not  necessarily  freshly  ground. 

Dose. — ^30  milligrammes  (H  grain) . 

Oleoresina  Lupnlini  (U.S.P.  VIII;  N.F.  IV)  is  prepared  by  percolating  lupulin 
^th  ether.    In  the  last  pharmacopceia,  acetone  was  used  as  the  menstruum. 

Dose. — 0.2  mil  (3  grains). 

DOSES  OF  OFFICIAL  OLEORESmS  ' 

30  milligrammes  (H  grain) Oleoresins  of  capsicum,  ginger,  and  pepper. 

500  milligrammes  (8  grains) Oleoresins  of  cubeb  and  parsley  fruit. 

2  grammes         (30  grains) Oleoresin  of  aspidium. 

VINEGARS 

Vinegars  are  Uquid  preparations  obtained  by  e^ctracting  the  active 
principle  of  drugs  by  maceration  or  percolation  with  vinegar  or  with 
diluted  acetic  acid. 

This  is  one  of  the  oldest  classes  of  liquid  medicinal  preparations,  and 
resembles  tinctures  in  everything  but  the  solvent  employed.  Diluted 
acetic  acid,  or  its  impure  form — ^vinegar, — ^is  an  excellent  solvent  for  the 
activQ  principles  of  many  drugs,  and  is  a  preservative  as  well;  hence  the 
ancient  uses  of  medicated  vinegars  and  the  former  employment  of  10 
per  cent,  acetic  acid  as  menstruum  in  some  fluidextracts  (p.  245). 

However,  the  vinegars  themselves  have  been  largely  supplanted  by 
tinctures  and  fluidextracts,  there  now  being  but  one — vinegar  of  squiU — 
retained  in  the  pharmacopoeia. 

ACETUM  SCILLi£— Vinegar  of  Squill 

(Acet  ScilL) 
Candeneed  Recipe. 

Squill,  in  No.  20  jx>wder  (100  Gm.),  is  macerated  seven  days  with  diluted  acetic 
acid.  The  mixture  is  strained  and  the  strainer  washed  with  enough  of  the  acid  to 
make  1  hter.  The  strained  liquid  is  heated  to  boiling,  is  filtered  while  hot  and  finally 
enough  diluted  acetic  add  is  added  to  make  1  liter.    For  details  see  U.S.  P.,  p.  5. 

Remarks. — ^This  vinegar  is  prepared  by  macerating  squill  in  a  No.  20 
powder  with  diluted  acetic  acid  for  seven  days,  and  then  straining  through 
muslin.     The  strained  liquid  is  then  brought  to  the  boiling-point  (in 
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order  to  coagulate  the  albumin  extracted  from  the  drug),  and  is  filtered 
while  hot. 

Since  the  present  official  vinegar  of  squill  has  been  boiled,  the  official 
syrup  of  squill  prepared  from  it  can  be  made  without  boiling  of  the  vine- 
gar, as  was  directed  by  the  pharmacopoeia  of  1890. 

Dose.-7-l  mil  (15  minims). 

Acetum  Aromaticum  (N.F.)  is  made  by  dissolving  oils  of  lavender,  rosemary, 
juniper,  peppermint,  cinnamon,  lemon  and  clove  in  alcohol  and  then  adding  to  the 
solution  acetic  acid  and  water.     The  alcohol  content  is  about  25  per  cent. 

Acetum  Opii  (U.S.P.  VTII;  N.F.  IV)  is  made  by  macerating  opium,  myristica  and 
sugar  in  diluted  acetic  acid  for  seven  days  after  which  it  is  to  be  filtered  by  percolation. 
The  former  pharmacopoeia  directed  that  the  opium  and  myristica  be  macerated  and 
expressed  by  successive  treatment  with  two  portions  of  diluted  acetic  acid  (500  and 
200  mils  each).  After  filtration,  sugar  was  dissolved  in  the  expressed  liquids  and 
enough  of  the  menstruum  added  to  make  the  finished  product  represent  10  per  cent, 
of  opium.  The  preparation  is  known  as  black  drop;  a  dangerous  synonym  since  more 
than  once  it  has  been  dispensed  with  fatal  results  on  prescriptions  calling  for  black 
draught  (compound  infusion  of  senna). 

Dose, — 0.5  mil  (8  minims). 
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Fluidextraci  of  Senega.— Kennedy,  A.Ph.A.,  27,  1879,  721. 

AroTTuUic  Fluidextraci  of  Cascara. — Anon.,  West.  Dr.,  12,  1890,  378;  Edel,  West 
Dr.,  17,  1895,  281,  and  18,  1896,  391. 

Fluidextraci  of  fifenna.— Siebold,  Ph.  Jl.,  [3],  6,  1875,  445  and  456;  EUis,  A.J. P., 
6,  1834,  274. 

Acetic  FluidextracU.—W\inmg,  A.Ph.A.,  47,  1899,  427;  Squibb,  A.Ph.A.,  49, 
1901.  570. 

Fluid  Glycerates.—Berint^T,  A.Ph.A.,  56,  1908,  981. 

TTtnes.— (Manufacture)  Virey,  1,  1823,  417. 

Oteorestrw.— (Manufacture)  Procter,  A.J.P.,  18,  1846,  167;  ibid.,  A.J.P.,  21,  1849, 
114;  Maisch,  A.J.P.,  44.  1872,  208;  Beringer,  A.J.P.,  64,  1892,  145.  (Cubeb)  Procter, 
A.J.P.,  38,  1866,  210;  ibid.,  18,  1846,  169.  (Male  fern)  Greenawalt,  A.J.P.,  61, 1889, 
169. 

7in€^arfi.— (Manufacture)  Virey,  Jl.  de.  Ph.,  1,  1823,  433.  (Black  drop)  Virev 
(see  above):  Anon,  A. J. P.,  29,  1851,  187;  Anon.,  Ph.  Jl.,  16,  1856,  246.  (Squill) 
Virey  (see  above). 


CHAPTER  XVI 


OFnaAL    LIQUIDS     CONTAINING    UNDISSOLVED    MATTER 

MIXTURES 

Mixtures  are  aqueous  preparations  for  internal  use  containing  in- 
soluble non-fatty  substances.  Since  they  contain  insoluble  matter,  they 
must  be  dispensed  with  a  "Shake  Well!"  label.  They  differ  from  emul- 
sions in  containing  no  fat;  from  liniments,  in  being  used  internally. 

Up  to  the  revision  of  1890  both  mixtures  and  emulsions  were  grouped 
under  the  common  head  Mistura,  but  at  that  revision  the  class  emulsions 
was  given  pharmacopoeial  recognition. 

As  mixtures  usually  contain  some  organic  matter,  with  water  as  a 
vehicle,  they  are  prone  to  fermentation,  and  are  accordingly  imstable. 
A  possible  exception  to  this  rule  is  the  compound  mixture  of  glycyrrhiza; 
but  even  this  popular  remedy  should  not  be  made  in  too  large  a  quantity. 
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TABLE  OF  OFFICIAL  mXTURES 

Process  Galenic  preparations  Chemical  preparations 

All  by  simple  admixture.  Chalk  mixture.  Compound  iron  mixture, 

U.S.P.  VIII. 
Compound    mixture    of 

glycyrrhiza. 
Mixture  of  rhubarb  and 
soda,  U.S.P.  VIIL 

SPECIAL  NOTES  ON  OFFICIAL  MIXTURES 
MISTXTRA  CRETiE— Chalk  Mixture 

(Mist.  Cret-) 

Condensed  Recipe. 

Ingredients. — Compound  chalk  powder,  20  Gm.;  cinnamon  water,  40  mils;  water, 
enough  to  make  100  mils. 

Manipulation. — Triturate  the  powder  with  cinnamon  water  and  with  some  of  the 
water,  transfer  to  a  graduated  vessel  rinsing  the  mortar  with  the  rest  of  the  water. 
For  details  see  U.S.P.,  p.  274. 

Remarks. — Chalk  mixture  is  prepared  from  compound  chalk  powder, 
water,  and  cinnamon  water.  'The  object  of  diluting  the  cinnamon  water 
is  because  chalk  mixture  is  very  often  administered  to  infants,  and  the 
amoimt  of  oil  of  cinnamon  in  the  official  cinnamon  water  may  be  sufficient 
to  cause  an  irritation  of  the  mouth.  Since  compoimd  chalk  powder  con- 
tains the  ingredients  that  are  easily  fermentable — ^acacia  and  sugar — 
the  mixture  should  be  freshly  prepared  as  needed  and  dispensed  to  the 
patient  in  small  quantities — say,  four  ounces  at  a  time.  It  is  useful  in 
cases  of  diarrhea. 

Dose. — 15  mils  (4  fluidrachms). 

MISTXTRA   GLYCTRRmZiE   COMPOSITA— Compound   Mixture   of 

Glycyrrhiza 

(Mist.  Glycyrrh.  Co. — Brown  Mixture) 

Condensed  Recipe. 

Ingredients. — Pure  extract  of  glycyrrhiaa,  30  Gm.;  ^rup,  60  mils;  granulated 
acacia,  30  Gm.;  antimony  and  potassium  tartrate,  0.240  Gm.;  camphorat^  tincture 
of  opium,  120  mils;  spirit  of  nitrous  ether,  30  mils;  water,  enough  to  make  1000  mils. 

Manipulation. — Triturate  the  extract  and  the  acacia  with  warm  water  and  transfer 
mixture  to  a  graduated  vessel.  Add  the  tartar  emetic  dissolved  in  water;  then  add  the 
other  ingredients  and  enough  water  to  make  1  liter.     For  details,  see  U.S. P.,  p.  275. 

Remarks. — ^This  mixture,  called  brown  mixturej  by  reason  of  its  color, 
is  often  prescribed  in  the  South  imder  the  Latin  name  "Mistura  Fusca" 
— ^the  latter  word  being  Latin  for  brown.  One  physician,  evidently 
thinking  the  recipe  was  devised  by  a  man  named  Brown,  was  known  to 
prescribe  it  as  "Mistura  Browni."  Brown  mixture  is  used  as  a  simple 
remedy  in  coughs,  and  for  this  purpose  it  is  quite  efficient. 

Dose. — 10  mils  (23^  fluidrachms). 

Mistora  Perri  Composita  (U.S. P.  VIII;  N.F.  IV)  is  commonly  called  Griffith's  mix- 
ture. It  contains  ferrous  carbonate  produced  by  the  chemical  reaction  between  ferrous 
sulphate  and  potassium  carbonate;  hence  it  can  best  be  considered  under  iron  salts 
in  Part  III. 

BCstora  Rhei  et  Sode  (U.S. P.  VIII)  is  now  recognized  in  the  National  Formulary 
under  the  name^  misiura  rhei  composita.  It  is  made  from  the  fluidextracts  of  rhubarb 
and  ipecac,  sodium  bicarbonate,  and  spirit  of  peppermint,  diluted  with  glycerin  and 
water  and  is  used  in  some  sections  as  a  remedy  for  flatulence.  It  does  not,  however, 
enjov  universal  popularity.  Note  that  the  Formulary  also  contains  a  recipe  for  an 
alkaline  mixture  of  rhubarb.     Dose.— A  mils  (1  fluidrachm) 
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BOZTURES  OF  THE  NAnONAL  FORMULARY 


Latin  name 


English  nam«  or 
synonym 


Ingredients 

(figures  show  amounts  used  in  1000 

mils) 


Remarks 


Miatura  adstringens. 


Mistura      ammonii 
chloridL 

Mistura   camphor* 
acida. 

Mistura   camphor* 
aromatica. 


Mistura      carmina- 
tiva. 


Mistura  chlorali  et 
potassii   bromidi 
oomposita. 


Mistura  ohlorof  ormi 
et  morphin*  oom- 
posita. 


Mistura  copaibs. 


Mistura  eopaib»  et 
opii. 


Mistura    ferri    com- 
posita. 

Mbtura  guaiaci. 


Mistura     magnesia 
asafoetidsB  et  opii. 


Mistura  olei  picis. 


Mistura      oleo-bal- 
samica. 


Mistura     opii     et 
ohloroformi    com- 
poflita. 

Mistura  opii  et  rhei 
composita. 


Mistura  opii  et 
safras. 


Mistura     pectoralis 
Stokes. 


Mistura    rhei  alka- 
lina. 


Mistura  rhei  eom- 
posita. 


Villate's  mixture. 


Mistura    solvans 
simplex. 

Hope's  oamphor 
mixture. 

Parrish*s       cam- 
phor mixture. 


Dalby's    carmin- 
ative. 


Chloral  and  bro- 
mide compound. 


Chloroform  ano- 
dyne. 


Lafayette      mix- 
ture. 


Chapman's  mix- 
ture. 


Mixture  of  guaiac 


Dewee's  carmina- 
tive. 


Tar  mixture. 


Oleo-balsamio 
mixture. 


Squlbb's       diar- 
rnoea  mixture. 


Sun  cholera  mix- 
ture. 


Godfrey's  cordial. 


Stokes*  expector- 
ant- 


Neutralising  cor- 
dial. 


Sohition  of  lead  subacetate:  copper  su  - 
phate;  sine  sulphate:  diluted  acetic 
acid. 

Ammonium  chloride,  25  gm.;  pure  ex- 
tract of  glyeyrrhisa;  water. 

Nitric  acid,  17.fi  mils;  tincture  of 
opium,  12  mils;  camphor  water. 

Compound  tincture  of  lavender,  250 
mils;  sugar;  oamphor  water. 

Magnesium  carbonate,  Ofi  Gm.;  potas- 
sium carbonate,  3  Gm.;  tincture  of 
opium,  25  mils;  oils  of  caraway,  fennel 
and  peppermint;  ssmip;  water. 

Hydrated  chloral,  200  Gm.;  potassium 
bromide,  200  Gm.;  extract  of  can- 
nabis; extract  of  hyoecyamus;  water. 
Pumice  as  clarifier. 


Used  externally  as  an 
astringent  and  «^- 
charotic. 

Do$e, — 8  mils  (2  flui- 
'    drachms). 

'  Dote.S  mils  (2  flui- 
'    drachms). 

Doae. — 8  mils  (2  flui- 
drachms.) 


Dose. — (For   infants) 
0.5  mil  (8  minimi). 


Resembles    hromidia 
and      similar     pro- 
imetary       prepara- 
tions. I>09e.^-4  mils 
(1  fluidrachm). 


Chloroform,  125  mils;  ether;  tinctures    Doae. — 2     mils     (30 
of  cannabis  and  cafMicum:  morphine  j    minims), 
sulphate,  2.5  Gm.;  oil  of  peppermint;  j 
glycerin;  water;  alcohol. 


Copaiba,  125  mils;  spirit  of  nitrous 
ether,  125  mils;  compound  tincture  of 
lavender;  solution  of  potassium  hy- 
droxide. 


DoM. — 8  mils  (2  flui- 
drachms). 


Copaiba,   250   mils;   spirit   of   nitrous  Doae. — 4  mils  (1  flui- 

etner,  250  mils;  compound  tincture  of  drachm)* 
lavender;  tincture  of  opium,  32  mils; 
mucilage  of  acacia;  water. 


Tincture  of  guaiac,  125  mils;  clarified 
honey;  cinnamon  water. 

Ma^esium  carbonate;  tincture  of  asa- 
fetida,  75  mils;  tincture  of  opium,  10 
mils;  sugar;  water. 

Oil  of  tar;  pure  extract  of  glyeyrrhisa; 
sugar;  chloroform,  10  mils;  oil  of  pep- 
permint; alcohol;  water. 

Oils  of  lavender,  cinnamon,  thyme, 
lemon  and  myristica;  eugenol;  bal- 
sam of  Peru;  alcohol. 


Tincture  of  opium,  200  mils;  spirit  of 
camphor;  tincture  of  capsicum;  chloro- 
form, 80  mils;  alcohol. 

Tinctures  of  capsicum,  rhubarb  and 
ofMum;  spirits  of  camphor  and  pepper- 
mint; alcohol. 

Tincture  of  opium,  35  mile;  oil  of  sassa- 
fras; alcohol;  potassium  carbonate; 
syrup;  water. 


Ammonium  carbonate;  fluidextracts  of 
senega  and  squill;  camphorated  tine-  ' 
ture  of  opium,  175  mils;  water;  syrup  ■ 
of  tolu. 

Fluidextracts  of  rhubarb  and  hydrastis; 
potassium  carbonate;  tincture  of  cin- 
namon; spirit  of  peppermint;  syrup; 
diluted  alcohol. 


See  p.  257. 


Doae. — 16     mils      (4 
fluidrachms). 

Doae. — 8  mils  (2  flui- 
drachms). 


Doae. — 8  mils  (2  flui- 
drachms). 


Similar   to.  but   not 
identical  with  «ptrs- 
tua  balaamicus. 

baume  de  fiomten- 
tin  and  other  allied 
products. 

Dose.— 2     mils     (30 
minims). 


Doae. — 2     mils     (30 
minims). 


Doae. — (For  infants) 
0.3  mil  (5  minims). 
A  pernicious  prepar- 
ation. 

Doae.—i  mils  (1  flui- 
drachm). 


Doae. — i  mils  (1  flui- 
drachm.) 


See  p.  257. 


OFFICIAL  LIQUIDS  CONTAINING  UNDISSOLVED  MATTER        269 

DOSES  OF  OFFICIAL  liDXTURES 

10  mils  {2}4  fluidrachms) Compound  xbixture  of  glycyrrhiza. 

15  mils  (4  fluid rachms) Chalk  mixture. 

LOTIONS 

Lotions  are  fluid  preparations,  usually  containing  suspended  insoluble  matter  and 
applied  externally.  They  differ  from  mixtures  in  being  designed  for  external  use  and 
from  liniments  in  being  aqueous,  rather  than  oleaginous  or  alcoholic.  No  lotions 
are  recognized  in  the  pharmacopceia  but  the  following  are  given  place  in  the  National 
Formulary. 

Lotio  Ammoniacalis  Camphorata  (N.F.)  is  called  sedative  water  or  eau  sedative  de 
RaspaU.  It  is  made  by  dissolving  sodium  chloride  in  water  and  adding  thereto  spirit 
of  camphor  and  ammonia  water.  It  enjoys  considerable  popularity  in  the  Soutn  as 
a  headache  lotion. 

Lotio  Flava  N.F.,  and  Lotio  Nigra,  N.F.  will  be  discussed  under  the  mercurial 
preparations  (Chapter  XXXIV). 

Xotio  Plumbi  et  Opii,  N.F.  the  well-known  lead  and  opium  wash  is  made  from  lead 
acetate,  tincture  of  opium  and  water.     (See  p.  547.) 

Lotio  Alba  is  maae  by  dissolving  5  Gm.  of  zinc  sulphate  in  60  mils  of  rose  water; 
then  dissolving  6  Gm.  of  sulphurated  potassa  in  60  mils  of  rose  water;  then  pouring  the 
latter  solution  into  the  sine  solution;  and  lastly  adding  enough  rose  water  to  make 
125  mils. 

JULEPS  AND  LOOCHES 

Julepe  are  pleasantly  flavored,  mucilaginous  preparations  enjoying  some  popu- 
larity as  vehicles  in  England  and  in  France.  A  typical  julep  is  the  misiura  gumr 
mosa  of  the  earlier  German  and  French  pharmacopoeias.  This  is  prepared  by  tri- 
turating 10  parts  of  acacia  with  30  parts  of  s;pup  of  acacia,  100  parts  of  water  and 
10  parte  of  orange  flower  water.  Similar  to  juleps  are  the  looches.  Looch  blanc  or 
wkUe  linctus  is  a  type  of  emulsion  of  almond. 

GARGLES 

GargaiiamsB  or  gargles  are  aqueous  preparations  containiujg  medican^ents  intended 
to  relieve  throat  trouoles.  The  metnod  of  application  is  indicated  by  the  name. 
The  National  Formulary  gives  a  recipe  for  Gargarisma  Guaiad  Compositum  which 
contains  ammoniated  tincture  of  guaiac,  compoimd  tincture  of  cinchona,  clarified 
honey,  potassium  chlorate  (40  Gm.  to  the  liter^  oil  of  peppermint  and  water.  From 
this  it  is  seen  that  gargles  are  not  necessarily  clear  flmds. 

EMULSIONS 

Emulsions  are  aqueous  preparations  for  internal  use  in  which  resinous 
or  fatty  substances  are  suspended  by  means  of  mucilaginous  matter. 
like  mixtures,  they  must  be  shaken  before  administration.  A  typical 
emulsion  is  milk,  in  which  the  fat  (butter)  is  emulsified  by  an  albuminous 
substance,  casein.  In  milk  the  fat-globides  are  more  finely  divided  than 
in  any  artificial  emulsion. 

According  to  the  latest  ideas  of  emulsification  as  advanced  by  the  physical  chem- 
ists, emulsions  are  considered  to  be  fine  distributions  of  one  liquid  in  another.  The 
liquid  which  is  dispersed  or  distributed  in  fine  globules  is  ctdled  the  interrml  or  disperse 
phase,  and  the  hquid  in  which  the  fine  globules  are  suspended  is  called  the  dispersion 
medium  or  external  phase.  There  are  two  types  of  emulsions  used  in  pharmacy,  the 
oQ-in-water  type  and  the  water-in-oil  type.  Almost  all  emulsions  which  are  intended 
for  internal  use,  such  as  cod  Uver  oil,  chloroform,  etc.,  belong  to  the  first  type,  where  the 
oO  droplets  coated  with  a  film  of  h^drated  acacia  are  suspended  in  water.  The  film 
around  the  droplets  prevents  their  running  together.  Preparations  like  hydrous 
wool  fat,  carron  oil,  etc.,  intended  for  external  use  are  emulsions  of  the  water-in-oil 
type,  in  which  water  is  suspended  in  the  form  of  droplets. 

Emulsions,  like  mixtures,  are  rather  unstable,  and  should  be  freshly 
prepared  when  desired.  This  question  of  freshness  may  be  extended  to 
the  statement  that  no  emulsion  more  than  a  week  old  should  be  dispensed. 
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The  proprietary  emulsions  which  are  marketed  quite  largely  are  invari- 
ably preserved  by  adding  preservatives,  the  most  innocent  of  which  are 
glycerin  or  alcohol. 

In  making  emulsions,  druggists  have  the  opportunity  of  exhibiting 
the  highest  degree  of  pharmaceutic  art,  and  there  is  no  reason  why  the 
pharmacist  should  not  make  all  the  emulsions  he  dispenses,  except,  of 
course,  those  proprietary  brands  specified  by  the  prescriber.  Reserving 
the  discussion  of  the  official  emulsions  until  later,  we  will  first  consider 
the  important  processes  of  emulsification. 

The  emulsion  of  cod  liver  oil  is  the  best  illustration  of  an  emulsion  of 
a  fixed  oil.  It  is  manufactured  by  two  methods — the  English  method 
and  the  Continental  method — ^and  of  these,  the  simplest  method  of  manu- 
facturing is  by  the  Continental  method.  The  secret  of  the  successful 
manipulation  by  the  Continental  method  consists  in  wisely  choosing  the 
proportions  of  gum,  water  and  oil  employed,  these  proportions  being: 
oil,  4  parts;  water,  2  parts;  and  gum,  1  part;  or,  to  express  it  in  other 
words,  use  twice  as  much  water  as  gum,  and  twice  as  much  oil  as  water. 
The  manipulation  is  fully  explained  in  Part  VII,  and  consists  of  triturating 
the  gum  with  the  oil,  and  then  adding  the  water  aU  at  once,  and  stirring 
rapidly  until  the  emulsion  results.  The  emulsion  nucleus,  as  it  is  called, 
can  be  easily  diluted  with  water,  syrup,  and  flavors  to  the  required  quan- 
tity, it  being  the  general  custom  in  this  country  to  dispense  the  emidsion 
of  cod  liver  oil  containing  50  per  cent,  of  oil.  The  objection  to  the  50 
per  cent,  acacia  emulsion  is  that  the  resulting  product  is  quite  thick  and 
difficult  to  pour  out  from  a  bottle;  and,  moreover,  the  use  of  a  large 
quantity  of  gum  arable  required  makes  the  emulsion  rather  expensive. 
For  this  reason,  other  gums  have  been  used  besides  gum  arable,  such  as 
tragacanth,  Irish  moss,  gelatin,  and  dextrin. 

Powdered  gelatin  has  also  been  used  in  the  manufacture  of  emulsions, 
and  when  a  combination  of  powdered  gelatin  and  tragacanth  is  used,  the 
emulsion  can  be  made  in  a  bottle  without  the  use  of  a  mortar.  Powders 
for  the  manufacture  of  these  so-called  flask  emulsions  were  exploited 
some  years  since,  and  the  best  known  of  them,  when  examined  by  the  au- 
thor, was  found  to  consist  of  saponin,  saccharin,  and  a  small  quantity  of 
a  gummy  substance.  Neither  saponin  nor  saccharin  should  be  used  in- 
discriminately; it  is  hardly  necessary  to  state  that  the  pharmacist  should 
be  chary  in  employing  such  substances  in  emulsions.  As  for  flavoring, 
various  aromatic  volatile  oils  are  employed,  and  various  flavoring  fluids 
are  given  in  the  admirable  general  formulr>  for  emulsions  given  in  the 
National  Formulary. 

Of  late,  soap  is  being  used  as  an  emulsifier,  having  the  advantage  of 
requiring  the  use  of  so  small  a  quantity,  that  the  emulsion  is  free  from 
soapy  taste  and  that  it  is  more  fluid  than  are  gum  emulsions. 

If  an  emulsion  of  castor  oil  is  required,  it  is  made  Uke  emulsion  of 
cod  liver  oil,  and  the  recipe  for  the  same  can  be  found  in  the  National 
Formulary. 

In  making  emulsions  of  fixed  oils  according  to  the  English  method, 
the  process  consists  of  triturating  gum  with  water,  thus  making  a  mucil- 
age, and  adding  a  small  quantity  of  oil,  then  adding  a  Uttle  water,  and 
then  a  little  oil,  and  so  on,  adding  the  oil  and  water  alternately  until  the 
emulsions  are  completed.  This  method  of  manufacturing  the  emulsions 
is  slow  and  uncertain,  and  cannot  be  compared  in  simplicity  with  the 
preparation  of  emulsions  by  the  Continental  method.  It  has,  however, 
the  advantage  that  the  comparatively  large  amount  of  oil  can  be  emulsi- 
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fied  by  the  addition  of  a  small  quantity  of  gum;  and  when  a  physician, 
therefore,  prescribes  an  emulsion  containing  less  gum  than  is  required 
by  the  method  of  manufacturing  according  to  the  Continental  method, 
the  English  method  of  emulsification  is  indicated. 

Very  frequently  the  manufacture  of  emulsion  results  in  a  failure,  and 
the  product,  instead  of  being  a  creamy-white  product,  is  an  ugly,  greasy 
mixture.  This  failure  in  making  emulsions  is  what  is  called  "splitting" 
an  emulsion.  Such  a  split  emulsion  can  be  redeemed  by  adding  it  gradu- 
ally to  a  concentrated  perfect  emulsion,  following  the  dictum  that  "the 
best  emulsifier  is  a  perfect  emulsion." 

Emulsions  of  volatile  oils  can  be  prepared  either  with  gum  arabic  or 
tragacanth,  although  the  latter,  in  the  hands  of  the  author,  gives  more 
satisfactory  results.  The  manufacture  of  a  typical  emulsion  of  a  vola- 
tile oil  is  found  in  the  process  given  for  making  emulsion  of  turpentine 
(t.S.P.),  in  which  recipe  acacia  is  used  as  the  emulsifier.  The  recipe 
can  be  used  for  any  other  volatile  oil  by  substituting  such  volatile  oil 
for  the  oil  of  turpentine  in  the  official  recipe. 


Fig.  178.— Euulnon  machiu. 

In  all  emulsions  that  we  have  thus  far  considered  the  emulsifying 
agent  is  a  gummy  substance.  Such  emulsions  have  decided  limitations, 
however,  the  gum  being  thrown  out  of  the  combination  by  the  addition 
of  alcohol,  glycerin,  or  tincture  of  iron  in  anything  more  than  in  small 
<maiitities.  For  this  reason  the  best  emulsifying  agent  is  yolk  of  egg,  and 
the  recipe  for  emulsion  of  cod  liver  oil  made  with  a  yolk  of  egg  as  a  base 
is  found  in  the  National  Formulary.  Another  egg  emulsion  of  cod  hver 
•■U  is  one  devised  by  the  author,  which  is  found  in  Part  VII. 

Extract  of  malt  is  also  a  valuable  emulsifying  agent;  a  recipe  is  given 
^  the  National  Formulary.  Another  satisfactory  recipe  ia  as  follows: 
^artract  of  malt,  1  part;  triturate  with  cod  Ever  oil,  4  parts;  then  add 
"iTup  of  wild  cherry,  2  parts,  and  sherry  wine,  1  part. 

Casein  has  also  been  su^ested  as  an  emulsifying  agent,  it  being  the 
^^^ulrifier  in  milk.  In  the  writer's  hands,  however,  the  commercial 
?^8ein  has  never  yielded  satisfactory  r^ults,  nor  has  he  been  any  more 
'*^rtunate  when  using  condensed  milk,  which  has  been  suggested  as  an 
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emulsifying  agent.  In  working  up  large  quantities  of  emulsions,  a  power 
machine  is  frequently  advisable.  Such  a  machine,  operating  by  hand, 
is  shown  in  Fig.  178. 

TABLES  OF  OFFICIAL  EMULSIONS 

(All  Oalbnic) 

Gum-resin  emulsion Emulsion  of  asafetida. 

Fixed  oil  emulsions Emulsion  of  almond. 

Emulsion  of  cod  liver  oil. 
Volatile  oil  emulsion Emulsion  of  oil  of  turpentine. 

SPECIAL  NOTES  ON  OFFICIAL  EMULSIONS 

EMULSXTM  AMYGDALifi— Emulsion  of  Almond 
(Emiils.  Amygd. — Milk  of  Almond) 

Condensed  Recipe. 

Inaredients, — Sweet  almond,  60  Gm. ;  acacia,  10  Gm.>  sugar,  30  Gm. ;  water,  enough 
to  make  1  liter. 

Maniptdatian, — Blanch  the  almonds  and  beat  them  in  a  mortar  with  the  acacia 
and  the  sugar;  then  triturate  mixture  with  water  to  a  smooth  mixture.  Strain  and 
wash  strainer  with  enough  water  to  make  1  liter. 

Remarks. — While  this  is  grouped  in  the  foregoing  table  as  a  fixed  oil 
emulsion,  we  make  it  from  sweet  almond  (seeds),  emulsifying  the  oil 
existing  therein  with  gum  arabic.  The  proteids  of  the  almond  seed  also 
assist  in  the  emulsification.  Note  that  the  almonds  must  be  blanched 
(p.  663). 

The  emulsion  of  almond  is  also  known  as  miUc  of  almonds,  and  is 
used  as  a  pleasant  vehicle  in  medicine,  although  its  use  in  this  coimtry 
is  rather  limited. 

EMULSXTM  ASAFCETIDJS— Emulsion  of  Asafetida 
(Emiils.  Asaf oet — Milk  of  Asafetida) 

Condensed  Recipe, 

Rub  asafetida.  in  tears  (40  Gm.)  with  water  to  a  smooth  emulsion.  Strain  and 
wash  strainer  witn  enough  water  to  make  1  liter.     For  details  see  U.S. P.,  p.  137. 

Remarks, — Asafetida,  as  explained  on  p.  777,  is  a  gum-resin;  it  con- 
sists of  a  water-insoluble  resin  and  a  water-soluble  gum.  If  we  rub 
asafetida  with  water,  the  gum,  on  dissolving,  will  emulsify  the  resin,  and 
a  milky  mixture,  familiarly  called  milk  of  asafetida,  results. 

In  making  this  emulsion  the  whole  drug  asafetida  is  placed  in  a  mortar 
and  triturated  with  water  until  the  emulsion  results.  Under  no  circum- 
stances should  the  powdered  drug  be  used,  since  the  preparation  owes 
its  activity  to  volatile  oils,  and  in  getting  the  drug  brittle  enough  to 
powder  it  is  necessary  to  dry  it  by  heat,  and  this  results  in  driving  off  an 
appreciable  quantity  of  the  oils.  In  order  to  make  a  good  emulsion  the 
best  quality  of  asafetida  (tears)  should  be  employed. 

The  exceedingly  unpleasant  and  persistent  odor  of  asafetida  has  led 
to  methods  of  preparing  the  emulsion  in  some  way  other  than  of  tritur- 
ating the  drug  in  a  mortar,  for  removing  the  odor  from  the  mortar  after 
malang  the  emulsion  is  a  matter  of  difficulty.  Moreover,  since  emulsion 
of  asafetida  should  be  freshly  prepared,  it  means  that  each  time  a  small 
quantity  of  the  emulsion  is  called  for  it  is  necessary  to  use  the  mortar, 
with  the  result  of  keeping  it  in  a  continuous  state  of  malodorousness. 
One  method  in  vogue  among  certain  druggists  for  making  this  emulsion — 
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by  diluting  the  tincture  of  asafetida  with  water — is  nothing  short  of 
cruninal,  and  under  no  circumstances  shc^d  it  be  followed. 

Another  method  that  might  be  criticised,  but  one  which  gives  fairly 
good  residts,  is  by  preparing  a  glycerite  of  asafetida  by  gently  warming  the 
gum-resin  with  glycerin,  and  thus  obtaining  a  preparation  eight  times 
stronger  than  the  emulsion.  In  preparing  the  emulsion  from  this  glycer- 
ite one  drachm  of  the  glycerite  is  taken  and  diluted  with  seven  drachms 
of  water.  The  chief  objection  to  the  manufacture  of  glycerite  of  asa- 
fetida is  the  uncertainty  that  the  drachm  of  the  glycerite'  will  contain 
the  full  active  amount  of  asafetida  required  for  an  ounce  of  the  full- 
strength  finished  product. 

After  all,  the  only  safe  way  is  the  official  method,  and  as  an  illustra- 
tion of  financial  advantage  of  being  '^ faithful  in  small  things''  may  be 
cited  the  case  of  a  pharmacist  who  built  up  a  large  prescription  business 
from  comparatively  small  beginnings  by  calling  the  attention  of  physi- 
cians in  \na  city  to  the  fact  that  he  made  this  emulsion,  as  well  as  other 
pharmacopcBial  staples,  "just  right." 

The  disagreeable  odor  clinging  to  the  utensils  used  in  preparing  this 
emulsion  may  be  combated  in  two  wayB. 

Best  of  aU  is  it  to  have  a  special  mortar  for  asafetida  and  other  evil- 
smelling  drugs.  If  that  is  not  feasible,  the  mortar  can  be  freed  from  odor 
by  igniting  a  small  amount  of  alcohol  (say  one  to  two  fluidrachms)  in  the 
mortar,  and  triturating  the  burning  Hquid  with  pestle  until  it  is  burned 
out.  It  is  needless  to  say  that  the  pestle  handle  must  be  fitted  with 
plaster-of -Paris  cement  and  not  with  shellac  (p.  115),  for  the  latter  cement 
would  be  softened  by  the  heat  of  burning  alcohol  and  the  handle  become 
loose.  Moreover,  this  method  must  be  cautiously  employed,  as  the  sud- 
den heat  sometimes  cracks  the  mortar.  The  same  method  is  of  value  in 
removing  the  odor  of  iodoform  from  a  mortar. 

Dose, — 15  mils  (4  fluidrachms). 

EMULSUM  OLEI  MORRHUifi— Emulsion  of  Cod  liver  Oil 

(Emiils.  01.  Morrh.) 

Condensed  Recipe, 

Ingredienis. — Cod  liver  oil,  500  mils;  powdered  acacia,  125  Gm.;  syrup,  100  mils; 
methyl  salicylate,  4  mils;  water,  enough  to  make  1  liter. 

ManipiUaiion. — Triturate  the  acacia  with  the  oil  and  with  250  mils  of  water  to 
an  emulsion.  Add  the  methyl  salicylate,  the  syrup  and  enough  water  to  make  1  liter. 
If  desired,  other  flavoring  can  be  used  instead  of  methyl  salicylate. 

Remarks. — ^Every  detail  of  manipulation  of  this  valuable  preparation 
will  be  found  in  Part  VII. 

Dose. — 16  nuls  (4  fluidrachms). 

EMULSUM  OLEI  TEREBINTHINifi— Emulsion  of  Oil  of  Turpentine 

(Emuls.  Ol.  Tereb.) 

Condensed  Recipe. 

Ingredients. — Rectified  oil  of  turpentine,  15  mils;  expressed  oil  of  almonds,  5  mils; 
syrup,  25  mils;  powdered  acacia,  15  Gm.;  water,  enough  to  make  1  liter. 

Manipulation. — Shake  the  two  oils  with  the  acacia  in  a  dry  bottle,  add  30  mils 
of  water  and  shake  until  an  emulsion  is  formed.  Add  to  this,  the  syrup  and  enough 
water  to  make  1  liter. 

Remarks. — Every  detail  of  manipulation  of  this  recipe  will  be  given 
in  Part  VI,     Note  that  it  contains  15  per  cent,  oil  of  turpentine,  and  the 
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rectified  oil  at  that.     Note  that  a  small  amount  of  expressed  oil  of  almond 
is  added  to  facilitate  emulsification. 
Dose. — 2  mils  (30  minims). 

Emulsum  Anunoniaci  (U.S.P.  1890)  is  a  4  per  cent,  emulsion  of  the  gum-resin 
ammoniac  made  by  triturating  the  drug  in  the  form  of  tears,  with  water. 

Emulsum  Chlorof  ormi  (U.S.  P.  VIII)  is  prepared  by  shaking  40  mils  of  chloroform  in 
a  flask  with  10  Gm.  of  powdered  tragacanth,  and  then  adding  250  mils  of  water.  After 
vigorous  shaking,  60  mUs  of  expressed  oil  of  almond  are  added  to  the  mixture  in  several 
portions  and  when  the  emulsion  is  completed  enough  water  is  added  little  by  -little 
to  make  1000  mils  of  finished  product.  In  making  this  emulsion,  tragacanth  is  the 
emulsifying  agent,  the  chloroform  beins  assisted  to  minute  subdivision  by  means  of 
expressed  oil  of  almond,  which  also  aids  in  making  the  emulsion  permanent.  Not« 
that  this  is  one  of  the  so-called  "flask  emulsions,"  being  made  by  shaking  the  in- 
l^redients  in  a  bottle,  saving  the  soiling  of  a  mortar.  Another  official  flask  emulsion 
IS  emulsion  of  oil  of  turpentine,  and  it  might  be  added  that  all  emulsions  of  volatile 
oib  can  be  so  made.  Emulsions  of  fixed  oils  and  of  gum-resins,  on  the  other  hand, 
should  always  be  made  in  a  mortar. 

Dose. — 8  mils  (2  fluidrachms). 

EMULSIONS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


English  name  or 
synonym 


Ingredients 
(figures  show  amount  used  in  1000 
mils) 


Remarks 


Emulsum  olei  mor- 
rhu»  cum  caloii 
laotophosphate. 


Emulsum  olei  mor- 
rhua  oum  oalcii 
phosphate. 


Emulsum.  olei  mor- 
rbu»  cum  hypo- 
phosphitibus. 

Emulsum  olei  mor- 
rhuie  cum  malto. 


Emulsum  olei  mor- 
rhu»  cum  pruno 
▼irginiana. 

Emulsum  olei  mor^ 
rhu»  cum  vitello. 


Emulsum  olei  rioini. 


Emulsum  petrolati. 


Emulsion  of  cod 
liver  oil  with  cal- 
cium laotophos- 
phate. 

Emulsion  of  cod 
liver  oil  with 
calcium  phos- 
phate. 

Emulsion  of  cod 
liver  oil  with 
h  y  pophosphites. 

Emulsion  of  cod 
liver    oil    with 
malt. 

Emulsion  of  cod 
liver  oil  with 
wild  cherry. 

Emulsion  of  cod 
liver     oil     with 
egg- 
Emulsion  of  cas- 
tor oil. 

Emulsion  of  pe- 
trolatum. 


Cod  liver  oil,  500  mils;  calcium  laoto- 
phosphate, 50 Gm.;  lactic  acid;  acaeia; 
syrup  of  tolu;  flavoring;  water. 


Cod  liver  oil,  500  mils;  precipitated  cal- 
cium phosphate,  35  Gm.;  acacia; 
syrup  of  tolu;  flavoring;  water. 


Cod  liver  oil,  500  mils;  hypophosphites 
of  calcium,  jMtassium  and  sodium; 
acacia;  syrup;  flavoring;  water. 

Cod  liver  oil,  300  mils;  tragacanth; 
water,  extract  of  malt. 


Cod  liver  oil,  500  mils;  fluidextract  of 
wild  cherry,  65  mils;  acaeia;  syrup  of 
tolu;  flavoring;  water. 

Cod  liver  oU,  500  mils;  glycerite  of  yolk 
pf  ess>  175  mils;  syrup  of  tolu;  flavor- 
ing; water. 

Castor  oil,  350  mils;  acacia;  tincture  of 
vanilla;   syrup;    water. 

Petrolatum,  225  Gm.;  expressed  oil  of 
almond;   acacia;    ss^rup;    tincture  of  { 
lemon  peel;  water.  I 


Doae. — 15    mils      (i 
fluidrachms). 


Doae. — 15     mils      (4 
fluidrachms). 


Doaa. — 8  mils  (2  flui- 
drachms). 

See  p.  261.  Doae. — 
15  mils  (4  flui- 
drachms). 


Doae. — 15      mils      (4 
fluidrachms). 


See  Part  VII.  Doaa. 
—15  mils  (4  flui- 
drachms). 

i)o»e.— 45  mils  (IW 
fluidounoes) , 

Doae. — 15  mils  (M 
fluidounce). 


DOSES  OF  OFFICIAL  EMULSIONS 

2  mils  (^  fluidrachm) Emulsion  of  oil  of  turpentine. 

15  mils  (4  fluidrachms) Emulsions  of  asafetida  and  cod  liver  oil 

No  dose Emulsion  of  almond. 


LINIMENTS 

Liniments  are  liquid  preparations  for  external  use,  applied  by  friction. 
Not  all  official  liniments  contain  insoluble  matter,  for,  as  shown  in  the 
table  of  preparations  (p.  170),  some  are  clear  alcoholic  solutions;  in  fact, 
but  two  of  the  official  liniments — ^ammonia  and  lime  liniments — are 
opaque.    But  since  some  of  the  rest  are  alcoholic  solutions — such  as  soap 
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liniment — and  some  are  clear  oleaginous  solutions — such  as  camphor 
liniment — and  one  is  a  more  or  less  transparent  semisolid  mass — ^turpen- 
tine liniment — ^there  seems  no  definite  basts  of  pharmaceutic  grouping 
of  liniments,  hence  they  were  left  under  '^  liquids  containing  insoluble 
matter/'  to  be  the  last  class  of  pharmaceutic  liquids  to  be  discussed. 


Cantisienee 


Clemr  Hqoida. 


Opaque  liquids. 
Semiaolid. 


TABLE  OF  OFFICIAL  LUIIMENTS 

Biisis  Galenic  preparations 


I' 

9 

o 
a 

I 


Alcohol. 

Soap  liniment. 
Fluideztraet. 


Cotton  seed  oil. 
Sesame  oil. 
Linaeed  oil. 
Oil  of  turpentine. 


Soap  liniment. 
Soft  soap  liniment. 
Chloroform  liniment. 
Belladonna  liniment. 


Camphor  liniment. 


Turpentine  liniment. 


Chemical 
preparationa 


Ammonia  linimant. 
Lime  liniment. 


SPECIAL  ROTES  ON  OFFICIAL  LiWlMENIS 

UNIMENTUM  AMMONI£— Ammonia  Liniment 

This  preparation,  commonly  called  hartshorn  linimerUy  or  volatile  lini- 
ment,  is  a  saponaceous  emulsion,  and  will,  therefore,  be  considered  among 
the  soaps  (Part  IV). 

LINIMENTnM  BELLADONNiB— BeUadonna  Liiiiment 

(Lin.  Bellad.) 

Condensed  Recipe. 

Camphor  (50  Gm.)  is  dissolved  in  enough  fluidextract  of  belladonna  to  make  1 
liter.     fY>r  details,  see  U.S.P.,  p.  233. 

Remarks. — This  consists  of  the  fluidextract  of  belladonna  in  which 
5  per  cent,  of  camphor  is  dissolved. 

LINIMENTUM  CALCIS— Lime  Liniment 

This  liniment  (Carron  oil)  is  a  saponaceous  emulsion,  and  will,  there- 
fore, be  discussed  in  Part  IV. 


LINIMENTUM  CAMPHORiE--Camphor  Liniment 
(Lin.  Camph. — Camphorated  Oil) 

One  hundred  grammes  of  Liniment  of  Camphor  yields  not  less  than  19.5  Gm.  nor 
more  than  20.5  Gm.  of  camphor.  This  preparation  is  not  intended  for  hypodermic 
use. 

Condensed  Recipe. 

Coarsely  powdered  camphor  (200  Gm.)  is  dissolved  in  800  Gm.  cotton  seed  oil 
that  has  been  heated  on  a  water-bath.     For  details  see  U.S. P.,  p.  233. 

Remarks. — In  preparing  this  liniment  (commonly  called  camphorated 
oil)  the  pharmacist  should  be  very  careful  in  choosing  a  winter-strained 
cotton  seed  oil,  that  is,  an  oil  that  has  been  filtered  during  the  cold  weather, 
and,  therefore,  is  freed  from  dissolved  solid  matter.  If  the  so-called 
summer-strained  oil  is  used  in  making  such  a  liniment,  on  the  first  sub- 
jection to  cold  the  liniment  will  become  cloudy,  and  will  scarcely  reflect 
credit  upon  the  pharmacist  from  whom  it  was  bought. 
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LINIMENTnM  CHLOROFORMI— Chloroform  Liniment 

(Lin.  Chlorof.) 

Condensed  Recipe. 

Three  hundred  mils  of  chloroform  are  dissolved  by  agitation  in  700  mils  of  soap 
liniment.     For  details,  see  U.S.P.,  p.  234. 

Remarks. — This  liniment  is  made  by  mixing  soap  liniment  and  chloro- 
form, and  is  one  of  the  most  valuable  of  penetrating  liniments. 

LINIMENTnM  SAPONIS— Soap  Liniment 

(Lin.  Sapon. — Liquid  Opodeldoc) 

Condensed  Recipe, 

Ingredient8.—8o&p,  60  Gm.;  camphor,  45  Gm.;  oil  of  rosemary,  10  mils;  alcohol 
700  mils;  water,  enough  to  make  1  liter. 

Manipulation. — Dissolve  the  camphor  and  the  oil  in  the  alcohol;  then  add  the  soap 
and  the  water.  Shake  until  the  soap  is  dissolved;  let  stand;  mter.  For  details, 
see  U.S.P.  p.  234. 

Remarks. — Soap  liniment  is  the  base  of  chloroform  liniment,  and  is 
used  quite  largely  for  the  extemporaneous  preparation  of  a  number  of 
liniments.  Thus  it  is  used  in  preparing  a  liniment  of  quinine,  which, 
when  applied  by  friction  to  children,  produces  the  physiologic  effects  of 
quinine  without  it  being  taken  in  by  the  mouth. 

Soap  liniment  is  sometimes  called  liquid  opodeldoc^  the  original  being 
a  preparation  similar  to  the  official  soap  liniment,  but  containing  enough 
soap  to  render  it  solid  at  ordinary  temperatures.  When  the  solid  opodel- 
doc is  warmed  gently,  it  liquefies.  A  recipe  for  solid  opodeldoc  is  foimd 
in  the  National  Formulary. 

UNIMENTUM  SAPONIS  MOLLIS— Liniment  of  Soft  Soap 
(Lin*  Sapon.  Moll. — ^Tincture  of  Green  Soap) 

Condensed  Recipe, 

Dissolve  20  mils  of  oil  of  lavender  and  650  Gms  of  soft  soap  in  300  mils  of  alcohoL 
Let  stand  twenty-four  hours,  filter  and  wash  the  filter  with  enough  alcohol  to  make 
1  liter. 

Remarks. — ^This  was  called  tincture  of  green  soap  in  the  pharmacopoeia 
of  1880,  and  is  prepared  by  dissolving  soft  soap  in  alcohol  and  flavoring 
with  oil  of  lavender.  It  is  used  almost  exclusively  as  an  application  to 
the  scalp,  and  is,  therefore,  the  basis  of  a  niunber  of  hair-tonics. 

LINIMENTUM  TEREBINTHINiB— Turpentine  Limment 
(Lin.  Terebinth. — Kentish's  Ointment) 

Condensed  Recipe. 

Dissolve  650  Gm.  rosin  cerate,  previously  melted  on  a  water-bath  in  350  mils  of 
oil  of  turpentine. 

Remarks. — This  is  the  only  official  liniment  made  with  oil  of  turpen- 
tine as  a  base.  It  consists  of  rosin  cerate  thinned  with  the  volatile  oil, 
and  is  a  semisolid  mass  that  should  be  dispensed  in  an  ointment  jar. 

Doses  of  Liniments. — As  all  liniments  are  used  externally,  no  doses 
are  given. 


OFFICIAL  LIQUIDS  CONTAINING  UNDISSOLVED   MATTER         267 


LINIMENTS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


Engliah  name  or 
synonym 


Incredienta 

(figures  show  amount  used  in  1000 

mils) 


Remarks 


Linimentum  aconiti    Liniment  of  acon- 


et  ebloroformi. 


Linimentum        am-    Liniment  of  am- 


ite    and  chloro- 
form. 


monii  iodidi. 


monium  iodide. 


Linimentum        opii    Compound     lini- 
compoaitum.  '    ment  of  opium 


Linimentum       sap- 

onato-camphora- 

tum. 
Linimentum     sapo- 

nis     mollis     com- 

poaitum. 

Linimentum  sinapis 
compositum. 


Solid  opodeldoc. 

Compound  lini- 
ment of  soft 
soap. 

Compound  lini- 
ment of  mus- 
tard. 


Linimentum  terebin- 1  Stokes'  liniment. 
thinsB  aeetieum. 


Linimentum  tiglii 


Linimentum       tiglii 
compositum. 


Liniment  of  ero- 
ton  oiL 

Compound      cro- 
ton  oil  liniment. 


Fluideztract  of  aconite,  45  mils;  alco- 
hol; chloroform;  soap  liniment. 


Iodine,  4  Cm.;  oils  of  rosemary  and  lav- 
ender; camphor;  ammonia  water;  al- 
cohol. 

Tincture  of  opium,  100  mils;  camphor; 
oils  of  turpentine  and  peppermint; 
alcohol;  fresh  egg  albumin;  ammonia 
water. 


Soft  soap;  oil  of  cade;  alcohol. 


Volatile  oil  of  mustard,  30  mils;  fluid- 
eztract of  mesereum,  200  mils;  cam- 
phor; castor  oil;  alcohol. 

Oil  of  turpentine,  400  mils;  oil  of  lemon; 
acetic  acid;  fresh  egg;  rose  water. 


Croton  oil,   130  mils;  oil  of  cajuput; 
alcohol. 

Croton  oil,  200  mils;  oils  of  sassafras 
and  turpentine;  olive  oil. 


Sometimes        called 
Canada  liniment. 


See  p.  266. 


Aloe  called  linimenr- 
tum  album  and  St. 
John  Long*»  lini- 
ment. 


UQUID  PETROXOLD^ 

These  are  a  class  of  fluid  preparations  for  external  use  in  which  the  basis  is  a  com- 
bination of  liquid  petrolatum  and  ammonium  oleate. 

Petrozolinum  Liaiiidum  (N.F.)  is  made  by  mixing  liquid  petrolatum  and  oleic  acid, 
adding  alcohol  and  then  stronger  ammonia  water  and  after  saponification  is  completed 
by  use  of  the  heat  of  a  water-^ath,  oil  of  lavender  is  added  as  a  perfume.  From  this 
is  prepared  directly  hetanaphthol  petroxolin,  (containing  10  per  cent,  of  betanaphthol) 
cade  petroxolin  (25  i)er  cent,  oil  of  cade),  camphorated  cfdoroform  petroxolin  (chloroform 
and  camphor,  25  per  cent,  each)  creosote  petroxolin  (creosote,  20  per  cent.)  euccdyptol 
petroxolin  (20  per  cent,  eucalyptol)  guaiacol  petroxolin  (20  per  cent,  guaiacol)  dUuted 
iodine  'petroxolin  (5  per  cent,  iodine);  iodoform  vetroxolin  (3  per  cent,  iodoform  dis- 
solved m  liquid  petroxolin  by  use  of  acetone  and  oleic  acid;  eucalyptol  being  used  as 
perfume);  menthol  petroxolin  (17  per  cent,  menthol);  methyl  salicylate  petroxolin  (20 
per  cent,  methyl  salicylate):  phenol  petroxolin  (5  per  cent,  phenol);  camphorcUed 
phenol  petroxolin  (phenol,  12>^  per  cent,  and  camphor,  37  J^  per  cent,  are  liquefied 
and  are  then  dissolved  in  liquid  petroxolin);  tar  petroxolin  (25  per  cent,  of  oil  of  tar): 
sulphurated  petroxolin  (sulphur,  3  per  cent.,  is  dissolved  in  linseed  oil  and  the  fluid 
dissolved  in  oleic  acid  and  liquid  petroxolin;  compound  siUphurated  petroxolin  (10 
parte  of  sulphurated  petroxolin  and  are  diluted  to  100  parts,  oil  of  cade,  thymol, 
eucalyptol  oil  of  turpentine  and  liquid  petroxolin  being  used  in  the  dilution);  and 
Venice  turpentine  petroxolin  (20  per  cent.  Venice  turpentine).  Iodine  petrox  (10  per 
cent.)  is  made  by  dissolving  that  amount  of  iodine  m  alcohol  prior  to  blending  that 
fluid  with  the  otiier  ingredients  required  to  make  liquid  petrox. 


INFUSED  OILS 

Olea  Infasa  (N.F.)  are  a  class  of  oleaginous  preparations  for  external  use,  made  by 
macerating  the  drug  with  alcohol  and  ammonia  water  and  then  digesting  the  mixture 
with  sesame  oil  at  60°  to  70°  until  the  alcohol  and  the  ammonia  water  have  evaporated. 
They  are  supposed  to  represent  in  each  1000  Gm.,  the  activity  of  100  Gm.  of  drug. 
The  Formulary  gives  a  general  recipe  for  infused  oils,  of  which  the  most  popular  is  the 
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infused  oil  of  kyoscyamusj  which  is  the  basis  of  the  compound  oil  of  hyoscyamus, 
which  is  largely  used  in  France,  as  a  remedy  for  ear-ache  under  the  name  baume 
tranquiUe, 

SPRAYS— NEBULA 

These  represent  a  class  of  preparations,  now  largely  prescribed  bv  throat  specialists, 
and  which  consist  of  light  liquid  petrolatum  in  which  is  dissolved,  various  aromatics 
and  other  medicaments.  The  National  Formulary  gives  recipes  for  nebula  aromatica 
(containine  phenol,  menthol,  thymol,  camphor,  benzoic  acid,  eucalyptol,  oils  of  cin- 
namon and  clove  and  methyl  salicylate)  nebula  eucalyptolis  (5  per  cent.)!  nebula 
fnentholis  (2  per  cent.)]  nebula  mentholis  composita  (containing  menthol,  camphor, 
methyl  salicyiate,  eucalyptol  and  oil  of  cinnamon);  and  finally  nebula  thyrmolia  (1 
per  cent.).  These  sprays  are  employed  in  atomizers  for  carrying  the  medicinal  sub- 
stances into  the  passages  of  the  throat  and  lungs. 
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Emulsion  of  Cod  lAver  OiL— Procter,  A.J.P.,  46,  1873,  43;  Diehl,  A.J.P.,  54,  1882, 
180. 

Emulsion  of  OH  of  Turpentine.— Forbes.  A.J.P.,  44,  1872,  61. 

Liniments. — Raubenheimer,  A.Ph.A.,  58,  1910,  1226. 

Opodeldoc— Bice,  Am.  Dr.,  16,  1887,  22;  Buchner,  Rep.  f.d.  Ph.,  12,  1822,  249. 


CHAPTER  XVII 

EXTRACTS,  ABSTRACTS,  RESINS 

These  three  classes  of  preparations  include  the  only  solid  pharma- 
ceuticals prepared  by  percolation. 

EXTRACTS 

Extracts  are  solid  or  semisolid  preparations  of  the  soluble  and  active 
principles  of  drugs  prepared  by  percolation  of  the  drug  with  the  appro- 
priate menstruum  and  evaporation  of  the  percolate. 

The  menstruum  employed  varies  as  much  as  that  directed  for  fluid- 
extracts,  being  alcoholic,  hydro-alcoholic,  aqueous,  alcohoUc  and  alkaline, 
or  alcoholic  and  acid. 

A  special  form  of  extracts,  called  inspissaied  juices,  are  popular  in 
England,  but  have  no  representative  in  the  present  pharmacopceia  of 
the  United  States.  They  were,  however,  represented  in  the  pharmaco- 
poeia of  1880  by  the  then  official  extract  of  taraxacum.  The  present 
official  extract  of  taraxacum  is  not  an  inspissated  juice,  but  is  prepared 
by  percolation  of  the  drug  with  hydro-alcoholic  menstruiun.  Extract 
of  taraxacum  (U.S.P.  1890)  was  scarcely  a  fair  type  of  the  inspissated 
juices,  the  most  prominent  of  these  being  the  dried  juices  from  the  leaves 
of  plants,  and,  therefore,  containing  chlorophyl.    Such  inspissated  juices 
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are  prepared  by  bruising  fresh  leaves  or  herbs  in  a  stone  mortar,  pouring 
off  the  greenish  liquid,  and  allowing  it  to  stand  over  night.  The  liquid 
is  then  strained  through  caUco,  thereby  separating  the  chlorophyl;  the 
strained  liquid  is  heated  to  200^F.,  which  coagulates  the  albumin  present, 
and  this  is  removed  by  straining.  The  clear  Uquid  is  then  evaporated  to 
a  thin  extract,  to  which  is  added  the  chlorophyl,  and  the  whole  mixture 
is  evaporated  until  it  is  of  pilular  consistence.  Were  the  plant-juices 
evaporated  to  extract  directly  on  separating  from  the  plant,  the  delicate 
chlorophyl  would  be  quickly  decomposed  and  a  brown  extract  would 
result. 

By  first  removing  the  chlorophyl  and  evaporating  the  mixture  to  a 
thin  extract,  the  chlorophyl  is  preserved.  When  added  just  as  the  ex- 
tract is  reaching  pilular  consistence,  it  has  the  effect  of  giving  to  it  an 
agreeable  green  color. 

Such  inspissated  juices,  as  of  aconite,  belladonna,  and  hyoscyamus, 
are  very  popular  in  England,  but  are  scarcely  used  in  this  country,  and 
it  shoidd  be  borne  in  mind  that  these  English  "extracts'*  are  much 
weaker  than  are  the  official  American  extracts. 


TABLE  OF  OFFICIAL  EXTRACTS 

(All  Qalsnic) 


Process 


Preparation 


Pertolation  with  evaporation: 

Menstmuzn,  Alcohol,  U.S.P 

Alcohol  U.S.P.,  extract  defatted 

Alcohol,  4;  water,   1 

Alcohol,  3;  water,  1 

Alcohol,  3:  water,  |1,  extract  defatted 

Diluted  alcohol 

Alcohol,  1;  water,  7. 

Tartaric  acid;  alcohol 

Tartaric  acid:  alcohol:  extract  defatted 

Tartaric  acid;  alcohol,  water,  extract  defatted 
Hydrochloric  add,  10;  alcohol,  850;  water, 

150;  Drug   defatted 

Ammonia  water,  150  mils,  water,  3000  mils. . 

Water 

ETapofration  of  infusion  or  decoction 

Clarification  of  crude  product  with  alcohol 

A  commercial  product 

A  compound  extract 


Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 

Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 
Extract 


'  Consistence 


of  belladonna  leaves. 

of  cannabis. 

of  cimicifuga. 

of  gelsemium 

of  stramonium 

of  colchicum  corm. 

of  rhubarb. 

of  Bumbul. 

of  belladonna  leaves. 

of  hyoscyamus 

of  stramonium. 

of  nux  vomica. 

of  colocynth. 

of  viburnum  prunifolium. 

of  taraxacum. 

of  hydrastis. 

of  aconite. 

of  physostigma. 

of  ergot. 

of  glycyrrhiaa,  pure. 

of  gentian. 

of  cascara  sagrada. 

of  malt. 

of  opium. 

of  oxgall. 

of  glycyrrhisa. 

of  colocynth,  compound. 


Powdered. 

Soft. 

Powdered. 

Powdered. 

Powdered. 

Powdered. 

Powdered. 

Soft. 

Soft. 

Soft. 

Soft. 

Powdered. 

Powdered. 

Powdered. 

Soft. 

Powdered. 

Powdered. 

Powdered. 

Soft. 

Soft. 

Soft. 

Powdered. 

Soft. 

Powdered. 

Powdered. 


Of  these  25  extracts,  16  are  powdered,  while  9  are  soft,  the  last  class 
including  those  of  pilular  consistence;  one  thin  as  honey  (extract  of  malt) ; 
and  one  almost  brittle  (extract  of  glycyrrhiza).  Two  of  the  official 
powdered  extracts  (belladonna  and  stramonium)  are  permitted  to  be 
dispensed  in  pilular  consistence  as  well;  the  directions  for  manufacture 
providing  for  their  preparation  in  either  form. 

Taking  up  the  several  methods  of  preparing  extracts  outhned  in  the 
table  just  given,  a  few  words  of  general  explanation  of  each  process  may 
be  in  place  at  this  time,  leaving,  of  course,  minutisB  for  consideration 
under  Special  Notes. 
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In  the  process  of  percolation  vrith  evaporatianf  when  the  meDstruum  is 
hydro-alcoholic,  the  drug  is  percolated  with  the  official  menstruum  and  the 
first  portion  of  the  percolate  (usually  the  first  1000  mils  from  1000 
Gm.  of  drug)  is  put  aside  as  a  reserved  portion.  The  remainder  of 
the  percolate  is  evaporated  at  a  low  temperature  to  a  very  small  bulk. 
With  this  the  reserved  portion  is  mixed,  and  the  mass  evaporated  to  pilular 
consistence. 

The  manufacture  of  extracts  by  this  process  is  one  portion  of  phar- 
maceutic manufacturing  which  cannot  be  <^one  as  well  by  the  retail 
pharmacist  as  by  the  large  manufacturer.  In  order  to  successfully 
evaporate  the  extract  at  a  low  temperature — say,  70**C. — ^it  is  necessary 
that  a  vacuum  apparatus  be  employed,  and  the  cost  of  such  an  apparatus 
precludes  its  use  by  the  retail  pharmacist. 

In  other  cases  where  alcoholic  menstruum  is  employed,  none  of  the 
percolate  is  set  aside  a^  reserved  portion,  but  the  entire  percolate  is 
directly  evaporated.  This  is  the  case  where  alcohol,  U.S.P.,  is  the  men- 
struum, or  where  the  constituents  of  the  drug  are  not  easily  injured  by 
heat.  Likewise,  if  the  menstruum  is  water  or  a  diluted  acetic  acid,  there 
is  no  reserved  portion,  but  the  entire  percolate  is  evaporated. 

When  the  extract  is  to  be  brought  to  a  definite  strength,  if  the  finished 
product  is  to  be  a  powder,  starch  and  magnesium  oxide  are  used  as  the 
diluents  in  the  present  pharmacopoeia  while  soft  extracts  are  reduced  to 
definite  strength  by  the  addition  of  glucose.  Other  diluents  that  are 
frequently  employed  are  glycyrrhiza  and  sugar  of  milk. 

The  process  of  evaporation  of  infusion  or  decoction  simply  consists  of 
extracting  the  drug  with  water — either  by  infusion  or  decoction — and 
evaporation  of -the  watery  solution  either  to  pilular  consistence  or  by 
finishing  the  product  as  a  powdered  extract. 

In  many  respects  soft  extracts  are  the  least  satisfactory  of  all  the 
official  preparations.  Thus  the  phrase,  "evaporate  to  pilular  consist- 
ence," is  rather  vague,  and  the  strength  of  the  finished  product  is  apt  to 
be  imcertain;  not  only  when  first  made,  but  also  because,  on  standing, 
the  strength  is  apt  to  change  by  loss  of  some  of  the  water  the  extract  con- 
tains, the  extract  becoming  hard  and  dry. 

A  second  factor  in  the  uncertainty  of  the  pilular  extracts  is  the  amount 
of  extractive  which  is  contained  therein.  By  the  word  "extractive"  is 
meant  the  soluble  and  inert  constituents  naturally  residing  in  drugs, 
grouped,  in  most  text-books  of  materia  medica,  as  gums,  starches,  and 
sugars.  These  constituents  are  practically  useless  from  a  therapeutic 
standpoint,  and  could  they  be  eliminated,  the  extract  would  be  much 
stronger.  The  question  of  the  quantity  of  the  extractive  foimd  in  the 
extracts  depends  entirely  on  the  menstruum  employed,  one  containing 
a  large  amount  of  water  yielding  a  larger  amount  of  extract  than  those  of 
a  strongly  alcoholic  nature. 

The  question  of  the  appropriate  menstruum  for  extracting  the  full 
strength  of  the  drug  without  excess  of  inert  matter  has  been  carefully 
studied  by  the  Committee  on  Revision  of  the  Pharmacopoeia,  and  the 
menstruum  directed  by  that  standard  is  the  one  3delding  the  most  satis- 
factory results.  This  menstruum  should,  therefore,  be  strictly  followed. 
Yet  there  have  been  known  unscrupulous  manufacturers  who  deliberately 
deviate  from  the  pharmacopoeial  menstruum,  adding  more  water  than 
directed  by  that  standard,  in  order  that  large  amounts  of  extract  nmy 
be  obtained.  In  such  cases,  of  course,  an  increased  3aeld  means  a  diminu- 
tion in  the  active  strength  of  the  extract,  and  it  behooves  the  pharmacist 
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0  purchase  extracts  only  from  those  manufacturers  who  are  known  to  be 
^liable. 

Among  the  many  constituents  which  are  included  in  the  word  '^ex- 
ractive"  are  the  mineral  salts,  found  naturally  existing  in  drugs,  such  as 
)otassium  chloride  and  sulphate.  From  many  moist  extracts  on  stand- 
ng  the  salts  crystallize,  and  such  extracts,  when  rubbed  up  in  making  an 
)mtment,  are  frequently  foimd  to  be  gritty.  Whether  the  grittiness  of 
mch  extracts  is  due  to  crystals  or  to  the  accidental  mixture  of  fragments 
)f  glass  in  the  container,  can  be  proved  by  adding  a  few  drops  of  water 
md  rubbing  with  an  ointment  spatula.  Should  the  grittiness  dissolve, 
it  shows  that  it  was  due  to  these  natural  salts;  whereas  if  the  grittiness 
remains  after  trituration,  fragments  of  glass  are  indicated. 

A  third  disadvantage  in  the  use  of  soft  extracts  is  purely  pharmaceutic, 
and  that  is  the  inconvenience  in  handling  a  semisolid  mass..  Extracts, 
especially  those  of  potent  drugs,  are  frequently  prescribed  in  small  quan- 
tities, say  from  ^  to  ^  grain.  To  wei^  out  the  soft  extracts  it  is  neces- 
sary that  the  ^  to  3^  grain  be  weighed  on  a  piece  of  paper,  and  by  the 
time  the  quantity  is  scraped  off  the  paper  and  off  the  spattda,  there  is 
frequently  very  Uttle  of  the  extract  transferred  to  the  medicine.  It  is 
hardly  necessary  to  say  that  in  weighing  such  extracts  the  quantity  should 
be  transferred  to  the  paper  from  the  container  by  means  of  a  perfectly 
clean  spatula,  and  the  spattda  cleaned  before  transferring  the  weighed 
portion  of  the  extract  into  the  mortar  or  other  mixture  with  which  it 
18  to  be  combined.  If  the  surface  of  paper  on  which  the  extract  is  to  be 
weighed  is  moistened  before  "taring,"  the  extract  will  not  stick  so  closely. 
StiU  better  is  it  to  use  oiled  paper  or  parchment  paper. 

A  fourth  inconvenience  connected  with  soft  extracts  is  the  uncertainty 
of  the  dosage  of  the  extract,  due  to  the  uncertainty  of  the  strength  of 
this  extract.  The  variability  of  the  extract-strength  is  of  a  twofold 
character:  first,  different  drugs  yield  vastly  differing  quantities  of  extracts. 
Thus,  gum  opiiun  yields  about  half  its  weight  of  soft  extract;  belladonna 
and  hyoscyamus  yield  about  one-fifth  their  weight  of  extracts,  while  ex- 
tract of  nux  vomica  is  about  six  times  stronger  than  the  drug  from  which 
it  is  obtained. 

Hence  it  is  seen  that  different  drugs  yield  vastly  different  quantities 
of  extract;  not  only  this,  but,  worst  of  aU,  different  batches  of  the  same 
drug  yield  different  quantities  of  extract;  a  very  important  -factor  in 
quality  of  drugs  being  the  soil  on  which  they  have  been  raised,  and  par- 
ticularly the  season  in  which  they  are  collected.    . 

Therefore  at  their  best  soft  extracts  are  inconvenient  and  imreliable, 
and  the  revision  committee  did  well  in  directing  that  so  many  of  the 
extracts  of  the  present  pharmacopoeia  be  of  definite  strength,  and  that 
the  extracts  from  potent  drugs  be  assayed. 

Strength  of  Extracts. — As  just  mentioned,  many  of  the  extracts  of  the 
present  pharmacopoeia  are  directed  to  be  of  definite  strength.  A  list 
of  these  standardized  extracts  is  here  given: 

OFFICIAL  ASSATED  SOFT  EXTRACTS 


Name 


Aaaayed  standard 


Percentage 

of  extract  to 

drug 


1*5^  of  belladonna  leaTes. 

Kxtract  of  eaoDabifl 

ErtiBct  of  hyowyamus. 

extract  of  stnunonium 


1.18  to  1.32  per  cent,  total  alkaloids. 
Biological  aasay  see  Part  V. 
0.22  to  0.28  per  cent,  total  alkaloids. 
0.0  to  1.1  per  cent,  total  alkaloids. 


400 
About  800 
400 
400 


Diluent  used 


Glucose. 
Glucoee. 
Glucose. 
Glucose. 
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OFFICIAL  ASSAYED  POWDERED  EXTRACTS 


Name 


Assayed  standard 


Percentage 

of  extract  to 

drug 


Diluent  used 


Extract  of  aconite 

Extract  of  belladonna  leaves. 

Extract  of  colchicum  corm. . . 
Extract  of  hydrastis 

Extract  of  nux  vomica 

Extract  of  opium 

Extract  of  pnysostigma 

Extract  of  stramonium 


1.8  to  2.2  per  cent,  ether-soluble  alka- 
loids. 
1.18  to  1.32  per  cent,  total  alkaloids. 

1.25  to  1.55  i>er  cent,  colchicine. 
9 'to  11  per  cent,  ether-soluble  alka- 
loids. 
15.2  to  16.8  per  cent,  total  alkaloids. 

10.5  to  20.5  per  cent,  morphine. 
1.7  to  2.3  per  cent,  total  alkaloids. 
0.9  to  1.1  per  cent,  total  alkaloids. 


400 

400 

400 
400 

About  600 

200 

1300 

400 


Starch. 

Magnesium  oxide 

and  starch. 
Starch. 
Magnesium  oxide 

and  starch. 
Magnesium  oxide 

and  starch. 
Starch. 
Starch. 
Magnemum  oxide 

and  starch. 


OFFICIAL  STANDARDIZED  SOFT  EXTRACT 


Name 


Standard 


Extract  of  malt Sp.  gr.,  1.35  to  1.40. 


OFFICIAL  STANDARDIZED  SOUD  EXTRACTS 


Name 

Standard 

Percentage 

of  extract  to 

drug 

Diluent  used 

Extract  of  cascara  sagrada. .  . 

Extract  of  cimicif uga 

Extract  of  colocvntn 

300  Gm.  from  900  Gm.  drug. 

250  Gm.  from  1000  Gm.  drug 
250  Gm.  from  1000  Gm.  drug. 
250  Gm.  from  1000  Gm.  drug. 

100  Gm.  from  800    Gm.  drug. 
500  Gm.  from  1000  Gm.  drug. 

200  Gm.  from  1000  Gm.  drug. 

300 

400 
400 
400 

800 
200 

500 

-Magnesium  oxide 
and  starch. 
SUrch. 
Starch. 

Extract  of  gelsemium 

Extract  of  oxirall 

Magnesium  oxide 
and  starch. 
Starch. 

Extract  of  rhubarb 

Magnesium  oxide 

and  starch. 
Magnesium  oxide 

and  starch. 

Extract  of  viburnum  pruni- 
folium 

The  preservation  of  extracts  should  be  a  matter  of  more  concern  than 
is  usually  given  the  subject  in  the  retail  pharmacy.  Soft  extracts  should 
be  kept  covered  sufficiently  tight  to  prevent  undue  evaporation;  since 
this  causes  them  to  become  hard,  dry  lumps.  A  capital  way  of  keeping 
extracts  is  by  placing  the  original  containers  in  which  they  are  obtained 
from  the  manufacturer  in  special  extract  jars,  and  thus  each  extract  is 
protected  from  the  dust. 

Powdered  extracts — especially  those  diluted  with  sugar  of  milk — 
should  be  kept  in  well-stoppered  bottles  in  a  dry  place.  In  contact  with 
moist  air  they  absorb  moisture  and  become  sticky  masses. 

In  such  cases  desiccation  and  subsequent  pulverization  will  restore 
the  extract  to  its  original  form. 

Goris  suggests  preparation  of  "unaltered  plant  extracts"  by  destroying  the  oxidizing 
enzymes  found  in  fresh  plants  by  subjecting  these  to  heated  alcohol  vapors  and  then 
extracting  the  plants  so  treated  with  80  per  cent,  alcohol  and  evaporation  of  alcoholic 
tincture  in  vdcuo. 

Commercial  extracts — ^usually  prepared  by  evaporation  in  a  copper 
vacuum  pan — are  frequently  contaminated  with  copper.  This  can  be 
detected  by  sticking  a  bright  steel  spatula  into  the  jar  of  suspected  ex- 
tract and  allowing  it  to  remain  over  night.  If  copper  is  present,  a  coating 
of  the  metal  will  be  found  on  the  spatula  in  the  morning. 
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SPECIAL  NOTES  ON  OFFICIAL  EXTRACTS 

EXTRACTA— Extracts 

The  present  pharmacopoeia  under  the  heading  just  given,  presents 
a  monograph  outlining  the  manufacture  and  preservation  of  solid  extracts. 
Most  of  the  information  is  covered  by  what  is  said  on  pp.  270  to  272  of 
this  book. 

EXTRACTUM  ACONITI— Extract  of  Aconite 

(Ext.  Aconit — ^Powdered  Extract  of  Aconite) 

Extract  of  Aconite  yields  not  less  than  1.8  per  cent,  nor  more  than  2.2  per  cent, 
of  the  ethernsoluble  alkaloids  of  aconite  and,  if  assayed  biologically,  the  minimum 
lethal  dose  should  not  be  greater  than  0.00001  Gm.  for  each  gramme  of  body  weight  of 
the  guinea-pig.     One  gramme  of  the  Extract  represents  about /our  grammes  of  aconite. 

Condensed  Recipe, 

Aconite  in  No.  60  powder  (1000  Gm.)  is  moistened  with  the  first  menstruum — 
tartaric  acid,  5  Gni. ;  alcohol,  500  roils.  The  moist  mass  is  macerated  forty-eight  hours 
after  packing  and  is  then  percolated  to  exhaustion  using  alcohol  as  final  menstruum. 
The  first  liter  of  pjercolate  is  reserved;  the  weak  percolate  is  distilled  ''at  as  low  a  tem- 
perature as  practicable"  and  the  residue  is  mixed  with  the  reserved  portion  and  the 
mixture  b  distilled  until  a  syrupy  residue  remains.  This  residue  is  shaken  out  with 
two  portions  of  purified  petroleum  benzin.  The  syrupy  residue  thus  treated  is  then 
incorporated  with  50  Gm.  dried  starch.  The  mixture  is  first  dried  in  a  water-bath 
and  nnally  on  glass  plates  in  an  air-bath  at  70°C.  The  dried  mass  is  powdered: 
a  portion  la  assayed  and  the  rest  is  diluted  with  dried  starch  to  the  proper  idkaloidal 
strength.     For  details  see  U.S. P.,  p.  143. 

Remarks. — This  extract  re-introduced  in  the  present  pharmacopoeia 
after  an  absence  since  the  revision  of  1880,  is  prepared  by  percolation  of 
the  drug  with  alcohol  containing  a  small  amount  of  tartaric  acid.  The 
extract  obtained  on  evaporation  of  the  percolate  is  then  defatted  by 
treatment  with  purified  petroleum  benzin  after  which  it  is  diluted  with 
starch  dried  on  glass  plates,  assayed  and  then  brought  to  the  proper 
strength  by  adding  more  starch.  Note  that  both  chemical  and  biological 
assays  are  provided. 

Dose. — 10  miUigrammes  (3^  grain). 

EXTRACTUM  BELLADONNiB  FOLIORXTM— Extract  of  Belladonna 

Leaves 

(Ext  Ballad.  Fol.) 

Extract  of  Belladonna  Leaves  yields  not  less  than  1.  IS  per  cent,  nor  more  than  1.32 
per  cent,  of  the  alkaloids  of  belladonna  leaves.  One  gramme  of  the  Extract  represents 
about  four  grammes  of  belladonna  leaves.  Two  forms  of  this  extract  are  official, 
the  pilular  and  the  powdered  form. 

The  Pilular  Extract 

Condensed  Recipe. 

Belladonna  leaves,  in  No.  40  powder  (1000  Gm.)  is  percolated  with  the  menstruum 
— alcohol,  3  volumes;  water,  1  volume — after  forty-ei^ht  hours  maceration  in  the 
packed  percolator.  After  the  drug  is  exhausted  the  entire  percolate  is  concentrated; 
first  by  distillation  then  by  evaporation  at  TO^'C;  until  a  pilular  extract  remains. 
A  portion  of  this  is  assayed  and  the  rest  is  diluted  with  glucose  to  the  proper  alkaloidal 
strength. 

The  Powdered  Extract 
Condensed  Recipe. 

Belladonna  leaves,  in  No.  40  powder  (1000  Gm.)  is  percolated  with  the  menstruum 
— alcohol— after  forty-eight  hours  maceration  in  the  packed  percolator.     The  first 
liter  of  percolate  is  reserved  and  the  rest  is  distilled,  after  which  the  reserve  portion 
18 
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is  added  and  the  mixture  is  distilled  to  a  syrupy  consistence.  This  residue  is  evapor- 
ated to  pilular  consistence  at  70^C.,  is  then  mixed  with  dried  starch  and  further 
heated  until  it  is  dry.  Then  add  magnesium  oxide  and  dry  in  a  current  of  warm 
air  and  powder.  A^y  a  portion  of  the  dry  extract  and  dilute  the  rest  with  dried 
starch  to  the  proper  alkaloidal  strength.    For  details  see  U.S. P.,  pp.  144  to  146. 

Remarks. — Two  methods  are  given  for  this  extract — one  to  produce 
a  powdered,  the  other  to  produce  a  soft  extract.  Both  of  these  are  to  be 
diluted  to  the  same  alkaloidal  strength.    For  Assay,  see  Chapter  LV. 

Dose. — 15  milligrammes  (^  grain). 

EXTRACTUM  CANNABIS— Extract  of  Cannabis 

(Ext.  Cannab.) 

Extract  of  Cannabis,  when  assayed  biologically,  Droduces  incodrdination  when 
administered  to  dogs  in  a  dose  of  not  more  than  0.004  Gm.  of  Extract  per  kilogramme 
of  body  weight. 

Condensed  Recive» 

Take  1000  Gm.  cannabis  in  No.  20  powder,  percolate  with  menstruum — alcohol — 
and  proceed  as  in  making  soft  extract  of  belladonna  leaves. 

Remarks. — ^It  will  be  noted  that  a  biological  assay  of  this  preparation 
is  directed. 

Dose. — 10  milligranmies  0^  grain). 

EXTRACTUM  CASCAILB  SAGRADJE— Extract  of  Cascara  Sagrmda 
(Ext.  Cascar.  Sagr. — ^Extractum  Rhamni  Purshianse,  U.S.P.  VIII 

Powdered  Extract  of  Cascara  Sagrada) 

One  gramme  of  the  Extract  represents  three  grammes  of  cascara  sagrada. 

Condensed  Recipe. 

Cascara  sagrada,  in  No.  20  powder  (900  Gm.)  is  treated  with  boiling  water  and 
after  three  hours  maceration  is  percolated  to  exhaustion  adding  more  boiling  water 
as  needed.  The  percolate  is  evaporated  to  dryness  on  water-bath  or  steam  bath  and 
is  mixed  with  magnesium  oxide  and  with  enough  dried  starch  to  make  300  Gm.  For 
details  see  U.S. P.,  p.  147. 

Remarks. — UnUke  the  extracts  already  given,  this  preparation  is 
diluted  to  a  definite  weight  and  not  to  a  certain  strength  of  active 
ingredient. 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM  CIMICIFUG^— Extract  of  Cimicifuga 

(Ext.  Cimicif. — ^Powdered  Extract  of  Cimicifuga) 

One  gramme  of  the  Extract  represents  four  grammes  of  cimicifuga. 

Condensed  Recipe. 

Take  1000  Gm.  cimicifuga  in  No.  40  powder,  percolate  with  the  menstruum — 
alcohol — and  proceed  as  in  making  soft  extract  of  belladonna  leaves  except  that  the 
dry  residue  obtained  by  evaporation  of  the  percolate  is  mixed  with  enough  starch  to 
make  a  powdered  extract,  1  Gm.  of  which  represents  4  Gm.  of  the  drug. 

Dose. — ^260  milligrammes  (4  grains). 

EXTRACTUM  COLCHICI  CORMI— Extract  of  Colchicum  Corm 
(Ext  Colch.  Conn. — ^Powdered  Extract  of  Colchicum  Corm) 

Extract  of  Colchicum  Corm  yields  not  less  than  1.25  per  cent,  nor  more  than  1.55 
per  cent,  of  colchicine.  One  gramme  of  the  Extract  represents  about  four  grammes 
of  colchicum  corm. 


EXTRACTS,    ABSTRACTS,    RESINS  275 

Condensed  Recipe. 

Golchicum  conn,  in  No.  60  powder  (1000  Gm.)y  is  percolated  to  exhaustion  with 
the  menstruum — alcohol — after  maceration  for  forty-eight  hours  in  the  packed  per- 
colator. The  entire  percolate  is  distilled  and  the  residue  is  shaken  out  with  three 
portions  of  purified  petroleum  benzin.  The  residue  thus  treated  is  concentrated  on 
a  water-bath  to  a  thick  extract,  is  mixed  with  dried  starch  and  is  then  dried  on  glass 
plates  in  an  air-bath  at  70^C.  A  portion  of  the  dried  powdered  extract  is  assayed 
and  the  rest  is  diluted  with  dried  starch  to  the  proper  alkaloidal  strength.  For 
details  see  U.S.P.,  p.  148. 

Remarks. — It  will  be  noticed  that  the  recipe  just  given  resembles  that 
for  making  extract  of  aconite. 

Do^e.— 60  milligrammes  (1  grain). 

BXTRACTUM  COLOCYNTHIDIS— Extract  of  Colocyntli 
(Ext.  Coloc3nith. — Powdered  Extract  of  Colocynth) 

One  gramme  of  the  Extract  represents  four  grammes  of  colocynth. 

Condensed  Recipe, 

Take  1000  Gm.  colocynth  pulp,  in  No.  20  powder,  percolate  with  the  menstruum 
— diluted  alcohol — and  proceed  as  in  making  extract  of  cimicifuga  (p.  274)  except 
that  the  maceration  is  for  twenty-four  hours;  the  drug  is  to  be  shaken  down  (not 
packed)  in  the  percolator  and  a  definite  amount  of  percolate  (5000  mils)  is  to  be 
collected. 

Remarks. — This  extract  is  used  in  making  compound  extract  of 
colocynth. 

Dose. — 15  milligrammes  {}^  grain). 

BXTRACTUM   COLOCYNTHIDIS  COMPOSITUM— Compound  Ex- 
tract of  Colocyntli 

(Ext  Colocynth.  Co. — Powdered  Compound  Extract  of  Colocynth) 

Condensed  Recipe. 

Ingredienis. — ^Extract  of  colocynth,  160  Gm.;  aloes,  500  Gm.;  cardamom  seed, 
50  Gm. ;  resin  of  scammony,  140  Gm. ;  soap,  150  Gm. 

Procedure. — Mix  the  ingredients  by  trituration  and  sift.  For  details  see  U.S. P., 
p.  150. 

Remarks. — ^This,  the  only  official  compound  extract,  is  prepared  by 
blending  extract  of  colocynth  with  aloes,  cardamom  seed,  resin  of  scam- 
mony and  soap. 

This  extract  contains  soap,  partly  to  increase  the  purgative  properties, 
but  chiefly  in  order  that  the  finished  product  can  be  worked  into  the  pill- 
mass  by  the  addition  of  water.  This  explains  why,  in  making  compound 
cathartic  pills,  water  can  be  used  as  excipient,  the  real  excipient  in  this 
case  being  the  soap  contained  in  the  compound  extract  of  colocynth. 
Used  in  compound  cathartic  pills  (U.S.P.). 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM  ERGOTJE— Extract  of  Ergot 

(Ext.  Ergot) 

Condensed  Recipe. 

Ergot,  in  No.  40  powder  TIOOO  Gm.)  is  extracted  with  piirified  petroleum^ benzin. 
It  is  then  dried,  mix^  with  the  first  menstruum — hydrochloric  acia,  10  mils;  alcohol, 
340  mils;  water,  60  mils — and  is  macerated  six  hours  and  then  forty-eight  hours  after 
which  it  is  percolated  to  exhaustion;  the  final  menstruimi  being  cdcohol,  850  mils; 
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water,  150  mils.     The  entire  percolate  is  concentrated  first  by  distillation,  then  by 
evaporation  at  70®C.  to  a  pilular  extract.     For  details  see  U.S.P.,  p.  150. 

Remarks. — This  extract  is  prepared  by  first  defatting  the  ergot  by 
percolation  with  purified  petroleum  benzin  after  which  it  is  percolated 
with  an  acidulated  hydro-alcoholic  menstruum  and  the  percolate  is  finally 
concentrated  to  a  soft  extract. 

Ergotin  is  an  aqueous  extract  of  ergot.  A  recipe  for  such  a  prepara- 
tion is  given  in  the  National  Foritiular^'.     (See  p.  281.) 

Dose, — ^250  milligrammes  (4  grains). 

EXTRACTUM  FELLIS  BOVIS— Extract  of  Oxgall 
(Ext  Fel.  Bov.— Powdered  Extract  of  Oxgall) 

One  gramme  of  the  Extract  represents  eight  grammes  of  oxgall. 

Condensed  Recipe. 

Oxgall  (800  Gm.)  is  macerated  two  days  with  1000  mils  of  alcohol.  The  liQuid 
portion  is  then  decanted,  and  the  residue  is  washed  with  500  mils  of  alcohoL  The 
combined  alcoholic  liquid  is  then  concentrated  first  by  distillation,  then  by  evapora- 
tion at  SO^'C.  and  residual  extract  is  finally  dri^  on  glass  plates  at  TO^'C.  The 
dried  extract  is  then  powdered  and  mixed  with  enough  dried  starch  to  make  100  Gm. 
For  details  see  U.S.P.,  p.  151. 

Remarks. — This  "new"  oj£cial  extract  is  merely  a  modification  of 
purified  oxgall  of  the  last  pharmacopicea.  It  consists  of  oxgall  dissolved 
in  alcohol  to  remove  the  mucin  and  other  slimy  bodies  and  ^ter  decanta- 
tion  and  filtration,  the  alcohol  is  distilled  off ,  the  residue  dried  and  brought 
to  a  definite  strength  by  dilution  with  starch.  It  is  an  improved  form 
of  the  old-fashioned  inspissated  oxgall. 

Dose. — 100  milligrammes  (IJ^  grains). 

EXTRACTUM  GELSEMII— Extract  of  Gelsemium 
(Ext.  Gelsem. — Powdered  Extract  of  Gelsemium) 

One  gramme  of  the  Extract  represents  four  grammes  of  gelsemium. 

Condensed  Recipe. 

Gelsemium,  in  No.  40  powder  (1000  Gm.)  is  moistened  with  the  menstruum — 
alcohol —  is  macerated  forty-eight  hours  after  packing  and  is  then  percolated  to  ex- 
haustion. The  entire  percolate  is  concentrated  first  by  distillation^  then  by  evapora- 
tion at  70^C.  to  a  soft  extract.  This  is  mixed  with  magnesium  oxide  and  with  dried 
starch,  is  dried  on  glass  plates  in  an  air-bath  at  70°C.  and,  afterpowdering.  is  mixed 
with  enough  magnesium  oxide  and  dried  starch  to  make  250  Gfm.  For  details  see 
U.S.P.,  p.  152. 

Remarks. — While  the  manufacture  of  this  extract  is  in  some  respects 
like  that  of  powdered  extract  of  belladonna  leaves,  there  are  several  points 
of  difference  in  the  two  recipes.  In  the  first  place  there  is  no  reserve 
percolate  as  obtains  in  the  belladonna  recipe  and  again,  the  finished  ex- 
tract is  adjusted  to  a  definite  ratio  between  weight  of  drug  and  of  extract, 
rather  than  to  definite  alkaloidal  content. 

Dose. — 10  milligrammes  (3^  grain). 

EXTRACTUM  GENTIANiB— Extract  of  Gentian 

(Ext.  Gentian.) 

Condensed  Recipe. 

Moisten  1000  Gm.  gentian  in  No.  20  powder  with  water,  macerate  twenty-four 
hours  before  packing  and  then  percolate  with  water  to  exhaustion.  The  entire  per- 
colate is  concentrated  by  boiling,  is  then  strained  and  the  strained  liquid  is  evaporated 
to  a  pilular  consistence  on  a  water-bath.     For  details  see  U.S.  P.,  p.  153. 
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Remarks. — Made  by  the  evaporatiou  of  the  cold  aqueous  percolate 
from  gentian,  this  liquid  being  strained  after  concentrating,  and  then 
evaporated  to  pilular  consistence.  The  use  of  the  extract  as  a  pill  ex- 
cipient,  so  popular  in  the  South,  is  not  to  be  recommended  from  the 
medical  point  of  view  (p.  305). 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM  GLTCYRRHIZiE— Extract  of  Glycyrrhiza 
(Ext  Glycyrrh. — Extract  of  Licorice) 

The  commercial  Extract  of  Glycyrrhiza. 

Description. 

This  is  the  commercial  extract  of  licorice,  occurring  in  cylindrical  rolls,  of  char- 
acteristic sweetish  taste.  At  least  60  per  cent,  must  dissolve  in  cold  water.  Ash, 
not  more  than  6  per  cent. 

Manufacture. — Prepared  on  a  large  scale  in  Italy  by  evaporating  a 
strained  aqueous  infusion  in  vacuum  pans,  and  rolling  the  extract  while 
still  soft  into  sticks. 

Remarks. — This  extract  is  the  commercial  product  known  as  "stick 
licorice."  Samples  found  in  the  market  are  frequently  adulterated  with 
starch  and  other  insoluble  matter;  hence  the  pharmacopoeial  requirement 
that  at  least  60  per  cent,  be  soluble  in  cold  water. 

EXTRACTUM  GLTCYRRHIZiB  PORXTM— Pure  Extract  of  Glycyrrhiza 

(Ext.  Glycyrrh.  Pur.) 

Condensed  Recipe, 

Moisten  1000  Gm.  ^lycyrrhisa,  in  No.  20  powder,  with  the  first  menstruum — 
ammonia  water,  150  mils;  water,  3000  mils — ^macerate  twenty-four  hours  before 
packing  and  then  percolate  to  exhaustion,  using  chloroform  water  as  the  final  men- 
struum. Evaporate  the  entire  percolate  on  a  water-bath  to  pilular  consistence. 
For  details,  see  U.S.P.,  153. 

Remarks. — This  extract  is  prepared  by  percolating  the  drug  with 
animoniacal  water,  and  is  the  soft  extract  used  in  compound  mixturs  of 
glycyrrhiza  (U.S.P.).  Note  that  the  commercial  purified  extract  of  licorice 
is  usually  in  powdered  form,  hence  not  identical  with  the  official  product. 

It  will  be  remembered  that  ammonia  is  used  in  the  menstrua  of  most 
Ucorice  preparations,  owing  to  the  fact  that  the  sweet  principle,  glycyr- 
rhizin,  is  most  easily  soluble  in  alkaline  fluids. 

EXTRACTUM  HYDRASTIS— Extract  of  Hydrastis 

(Ext  Hydrast — ^Extract  of  Golden  Seal.     Powdered  Extract  of 

Hydrastis) 

Extract  of  Hydrastis  yields  not  less  than  9  per  cent,  nor  more  than  11  per  cent, 
of  the  ether'4oluble  alkaloids  of  hydrastis.  One  gramme  of  the  Extract  represents 
about  four  grammes  of  hydrastis. 

Condensed  Recipe. 

Moisten  1000  Gm.  hydrastis  in  No.  40  powder,  with  the  menstruum — ^tartaric 
acid,  5  Gm.;  alcohol^  1000  mils.  Macerate  forty-eight  hours  after  packing  and  then 
percolate  to  exhaustion.  Ck>ncentrate  the  entire  percolate,  first  by  distillation,  then 
by  evaporation  at  70^C.,  to  a  soft  extract,  which  is  mixed  with  magnesium  oxide  and 
dried  starch,  and  is  then  dried  on  glass  plates  in  an  air-bath  at  TO"*.  A  portion  of  the 
dry  extract  is  assayed  and  the  rest  is  diluted  with  magnesium  oxide  and  dried  starch 
to  the  proper  alkaloidal  strength.     For  details  see  U.S.  P.,  p.  154. 
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Remarks. — This  extract  was  not  recognized  in  the  last  pharmacopoeia. 
Its  manufacture  resembles  in  some  respects  the  manipulation  in  preparing 
extracts  of  aconite  and  belladonna. 

Dose, — 600  milligrammes  (8  grains). 

EXTRACTUM  HTOSCT AMI— Extract  of  Hyoscyamus 

(Ext.  Hyosc.) 

Extract  of  HvoscYamus  yields  not  less  than  0.22  per  cent,  nor  more  than  0.28 
per  cent,  of  the  alkaloids  of  hyoscyamus.  One  gramme  of  the  Extract  represents  about 
four  grammes  of  hyoscyamus. 

Condensed  Recipe, 

Hyoscyamus^  in  No.  40  powder,  is  made  into  a  pilular  extract  by  the  same  pro- 
cedure followed  m  making  soft  extract  of  belladonna.     For  details  see  U.S.P.,  p.  155. 

Dose, — 60  milligrammes  (1  grain). 

EXTRACTUM  MALTI— Extract  of  Malt 

(Ext.  Malt.) 

CoTidensed  Recipe, 

Macerate  1000  Gm.  malt  (in  not  finer  than  No.  12  powder)  with  1000  mils  of 
water.  Then  add  4000  mils  ot  warm  water  and  digest  one  hour  at  60^C.  Express 
the  mixture,  filter  the  strained  liquid  and  evaporate  the  filtrate  at  60^0.  to  a  density 
between  1.350  and  1.400.    For  details  see  U.S.P.,  p.  156. 

Remarks. — ^This  is  the  popular  pharmaceutical  soft  extract  of  malt 
and  must  not  be  confused  with  the  more  or  less  fermented  liquid  extract 
of  malti  prepared  by  brewers. 

Dose. — 15  grammes  (4  drachms) , 

EXTRACTUM  NUCIS  VOMICJE— Extract  of  Nux  Vomica 

(Ext.  Nuc.  Vom. — Powdered  Extract  of  Nux  Vomica.    Nucis  Vomicse 

extractum  P.  I.) 

Extract  of  Nux  Vomica  yields  not  less  than  15.2  per  cent,  nor  more  than  16.8  per 
cent,  of  the  alkaloids  of  nux  vomica. 

Condensed  Recipe. 

Moisten  1000  Gm.  nux  vomica,  in  No.  20  powder,  with  the  menstruum — alcohol, 
3  volumes;  water,  1  volume.  Macerate  forty-eight  hours  after  packing  and  then  per- 
colate to  exhaustion.  Concentrate  the  entire  percolate,  first  by  distillation  then  by 
evaporation  and  shake  out  the  residue  with  two  portions  of  purified  petroleum  ben- 
zin.  The  separated  benzin  solutions  are  mixed  and  are  in  turn  shaken  out,  three 
times  with  a  weak  solution  of  sulphuric  acid.  These  acid  solutions  after  separation 
are  made  alkaline  with  ammonia  and  are  shaken  out  three  times  with  chloroform. 
Finally  the  mixed  chloroformic  solutions  are  added  to  the  evaporated  extract,  which 
is  then  dried  by  heating  on  a  water-bath.  A  portion  of  the  dry  extract  is  then  assayed 
and  the  rest  is  diluted  with  magnesium  oxide  and  dried  starch  to  the  proper  alkaloidal 
strength.     For  details  see  U.S.P.,  p.  166. 

Remarks. — While  the  recipe  just  given  closely  resembles  that  for  mak- 
ing extract  of  aconite,  it  shows  some  notable  differences  of  manipulation. 
Of  these  the  most  marked  is  the  handling  of  the  benzin  extract  which 
contains  not  only  the  fat  from  the  seed  but  also  possibly  some  of  the  alka- 
loids. These  are  recovered  by  shaking  out  with  diluted  sulphuric  acid 
and  then  with  chloroform. 

Dose. — 15  milligrammes  (J^  grain). 
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EXTRACTUM  OPU— Extract  of  Opium 

(Ext.  Opu — ^Powdered  Extract  of  Opium.     Opii  extractum  P.  I.) 

* 

Extract  of  Opium  yields  not  less  than  19.5  per  cent,  nor  more  than  20.5  per 
cent,  of  anhydrous  morphine.  One  gramme  of  the  Extract  represents  about  two 
grammes  of  opium. 

Candenaed  Recipe. 

Macerate  100  Gm.  opium  cut  in  small  pieces,  with  hot  water  and  then  triturate 
to  a  smooth  paste.  Mix  with  clean  dry  sand  and  percolate  mixture  with  water  to 
exhaustion  and  then  evaporate  the  entire  percolate  to  dryness  on  a  water-bath. 
Assay  a  portion  of  the  dry  extract  and  dilute  the  rest  with  dried  starch  to  the  proper 
alkaloidal  strength.    For  details  see  U.S.?.,  p.  158. 

Remarks, — ^The  recipe  of  the  present  pharmacopoeia  differs  from  that 
of  U.S.P.  VIII,  starting  in  with  gum  opium  (not  the  powder)  and  by 
diluting  with  starch  instead  of  with  sugar  of  milk. 

Dose — 30  milligrammes  (H  grain). 

EXTRACTUM  PHYSOSTI6MATIS— Extract  of  Physostigma 

(Ert  Physostig. — Powdered  Extract  of  Physostigma) 

Extract  of  Physostisma  yields  not  less  than  1.7  per  cent,  nor  more  than  2.3  per 
cent,  of  the  alkaloids  of  physostigma.  One  gramme  of  the  Extract  represents  about 
thirteen  grammes  of  physostigma. 

Condensed  Recipe, 

Moisten  1000  Gm.  physostigma  in  No.  60  powder,  with  the  first  menstruum — 
tartaric  acid,  5  Gm.;  alconol,  750  mils;  water,  250  mils — ^and  proceed  as  in  making 
extract  of  aconite,  except  that  the  entire  percolate  is  evaporated.  The  final  men- 
struum ia  alcohol  3  volumes;  water,  1  volume.    For  details  see  U.S. P.,  p.  158. 

Dose — 8  milligrammes  (J^  grain). 

EXTRACTUM  RHEI— Extract  of  Rhubarb 

(Ext.  Rhei— Powdered  Extract  of  Rhubarb) 

Condensed  R^JP^- 

Moisten  1000  Gm.  rhubarb  in  No.  40  powder  with  the  menstruum — alcohol  4 
volumes;  water,  1  volume.  Proceed  as  in  making  extract  of  cimicifuga  except  that 
dry  extract  is  to  be  diluted  with  enoush  magnesium  oxide  and  dried  starch  to  make 
500  Gm.     For  details  see  U.S.P.,  p.  iS). 

Dose — 250  milligrammes  (4  grains). 

EXTRACTUM  STRAMONH— Extract  of  Stramonium 

(Ext.  Stramon.) 

Extract  of  Stramonium  yields  not  less  than  0.9  per  cent,  nor  more  than  1.1  per 
cent,  of  the  alkaloids  of  stramonium.  One  gramme  of  the  Extract  represents  about 
four  grammes  of  stramonium. 

Manufacture, — Both  soft  and  powdered  extracts  of  stramonium  are  directed  and 
the  recipes  fldven  in  the  pharmacopceia  are  identical  with  those  for  extract  of  bella- 
donna {p.  ^Z), 

Dose. — 10  milligrammes  (^  grain). 
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EXTRACTUM  SUMBUL— Extract  of  Sumbul 

(Ext  Sumbul) 

Condensed  Recipe, 

Moisten  1000  Gm.  sumbul,  in  No.  30  powder^  with  the  menstruum — alcohol,  4 
volumes;  water,  1  volume — and  proceed  as  m  makmg  extract  of  cannabis.  No  assay, 
however,  is  provided    for  the  miished   extract.    For   details   see    U.S.P.,   p.    162. 

Procedure. — ^like  that  followed  in  making  extract  of  cannabis,  except  the  meniBtruum 
(alcohol,  4  volumes;  water,  1  volume)  and  the  fact  that  no  assay  is  provided* 

Dose, — ^250  milligrammes  (4  grains). 

EXTRACTUM  TARAXACI— Extract  of  Taraxacum 

(Ext  Tarax.) 

Condensed  i^eeipe. 

Moisten  lOiX)  Gm.  taraxacum,  in  No.  30  powder,  with  the  menstruum — alcohol, 
125  mils;  water,  875  mils — and  proceed  as  in  making  extract  of  sumbul.  For  details, 
see  U.S.P.,  p.  163. 

Dose, — 1  gramme  (15  grains). 

EXTRACTUM  VIBURNI  PRUNIFOLII— Extract  of  Viburnum  Pruni- 

folium 

(Ext.  Vibum.  Prun. — ^Powdered  Extract  of  Viburnum  Pninifolium) 

One  gramme  of  the  Extract  represents  five  grammes  of  vibumimi  prunifoliimi. 

Condensed  Recive, 

Moisten  1000  Gm.  vibumimi  prunifolum  with  the  menstruimi — diluted  alcohol — 
and  proceed  as  in  making  extract  of  gelsemium.  The  soft  extract,  however,  is  dried 
on  glass  plates  after  mixing  with  magnesium  oxide  only,  and  the  resulting  dry  ex- 
tract is  then  mixed  with  enough  dried  starch  to  make  200  Gm.  For  details,  see  U.S.P.y 
p.  163. 

Procedure, — Similar  to  that  followed  in  making  of  gelsemium.  The  menstruum, 
however,  is  diluted  alcohol,  and  the  drying  of  the  soft  extract  is  direeted  to  be  done  in 
a  slightly  different  manner. 

Dose, — 500  milligrammes  (8  grains). 

DOSES  OF  OFFICIAL  EXTRACTS 

8  milligrammes  (%  grain) Extract  of  physostigma. 

10  milligrammes  (J^  grain) Extracts  of  aconite,  cannabis,  gelsemium 

and  stramonium. 

15  milligrammes  (K  grain) Extracts  of  belladonna  leaves,  colocynth, 

nux  vomica. 

30  milligrammes  (}^  grain) Extract  of  opiiun. 

60  milligrammes  (1  grain) Extracts  of  colchicumcorm  and  hyoscyamus. 

100  milligrammes  (1^  grains) Extract  of  oxgall. 

250  milligrammes  (4  grains) Extracts   of   cascara  sagrada,    cimicif uga, 

colocynth  compound,  ergot,  gentian,  rhu- 
barb, and  sumbul. 
500  milligrammes  (8  grains) Extracts  of  hydrastis  and  vibumimi  pnini- 
folium. 

1  gramme  (15  grains) Extract  of  taraxacum. 

15  grammes  (4  drachms) Extract  of  malt. 

No  dose  given ^tractsof  glycyrrhizaandglycyrrhisuipure. 
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EXTRACTS  OF  NATIONAL  FORXSULART 


Name 


Consist- 
enoe 


I 


Menstruum 


S!^Z  ,  Dauent 


Strength 


Aloes 


Powdered. 


Cinrhona Pilular. 


Conium :  Pilular. 


Ersot,  aqueoua. 


PUular. 


EuonymoB. 


Powdered. 


Apples,  fferrated    '  I^lular 


Hematoxylon. . .  .    Powdered 


Isnatia. 


Powdered. 


Jmlap i  Pilular. 


Krameria Powdered. 


Leptandra. 


Powdered. 


Podophyllum '  Pilular 


Quaaaia Powdered. 


Boiling    wa- 
ter. 

Alcohol,     3; 
water,  1. 


Diluted     al- 
cohol. 


Chloroform 
water. 


Aloohol,     4; 
water,  1. 


Apple    Juice 
and  reduced 
iron. 

Water. 


Infusion.       ,  Starch 


200  per  cent, 
of  drug. 


Percolation.    Glucose.  22  to  26  per 

cent,    total 
alkaloids. 

1.8  to  2.2 
per  cent, 
coniine. 


Percolation. 


Percolation. 


Percolation. 


Glucoae, 


Decoction. 


I  Alcohol,     3;    Percolation. 
I    water,  1. 


Alcohol. 


Water. 


Alcohol,     3; 
water,  1. 

Alcohol,     4; 
water,  1. 

Water. 


Percolation. 
Percolation. 
Percolation. 
Percolation. 
Percolation. 


None. 


Starch. 


None. 
Starch. 

None. 

Starch. 

Starch. 

None. 

Starch. 


No  mention. 


400  per  cent. 


luuperot 
of  drug. 


No  mention. 
See  p.  614. 

No  mention. 


5.4  to  6.6  per 
cent,  total 
alkaloids. 

No  mention. 


400  per  cent, 
drug. 

400  per  cent, 
drug. 

No  mention. 


1000         per 
cent.  drug. 


Remarks 


Dose.— 126     milli- 
grammes (2  grains) . 

Do9e. — 250    milli- 
grammes (4  grains) . 

Hydrochloric  acid 
added  to  evaporat- 
ing percolate. 

Do9e.—3Q        milli- 
grammea  (H 

grain). 

Aloohol    added    to 
percolate  and  fil- 
trate   evaporated. 

Z>ose.— 200  milli- 
grammea  (Sgraina) . 


Dose.— 125       mUIi- 

Sammea  (2graina) . 
autioni 

DoMe. — 650       milli- 
grammea  (10 

grains). 

Dote. — 1     gramme, 
(15  grains). 

DoMe. — 30        milU- 
grammea  {H 

grain). 

Dote. — 1     gramme. 
(15  grains). 

Do«e.— 500       milli- 
grammes (8  grains) 

Dose. — 250        milli- 
grammes (4  grains) 

Doee. — 15       milli- 
grammes (M  grain)  . 

Doee. — 60         milli- 
grames  (1  grain). 


ABSTRACTS 

Abstracts  were  a  class  of  preparations  introduced  into  the  pharmacopoeia  of  1880, 
intended  to  supplant  extracts,  they  representing  powders  containing  the  active 
principles  of  drugs  in  the  condensed  form,  and  of  aennite  strength,  prepared  by  per- 
colating the  drug  with  the  appropriate  menstruum,  reserving  a  certain  portion,  (say, 
90  i>er  cent,  of  the  weight  of  the  drug),  evaporating  the  weak  percolate  of  the  drug  to 
a  thin  extract,  blending  with  the  reserve  portion  and  also  with  sugar  of  milk;  evaporat- 
ing the  mixture  at  a  low  temperature  imtil  dry.  The  mass  was  then  weighed,  and 
enoush  sugar  of  milk  added  to  make  the  finished  product  exactly  half  the  weight  of 
the  drug  from  which  it  was  derived.  Such  an  abstract,  therefore,  represents  twice 
the  strength  of  the  drug. 

Abstracts  possess  over  soft  extracts  the  great  advantage  of  being  in  powdered 
form  and  of  definite  and  uniform  strength,  but,  unfortunately,  they  won  little  favor 
from  phvsicians  and  were  dropped  in  the  revision  of  1890.  Tneir  advocacy  was  not 
in  vain,  however,  since  in  the  present  pharmacopoeia,  as  already  mentioned  on  p.  269, 
over  half  of  the  official  extracts  are  in  powdered  form  and  18  of  the  25  are  standardized. 

RESINS 

While  in  the  chemical  sense  resins  are  solid  plant  substances  or  exu- 
dations usually  acid  in  character,  insoluble  in  water,  and  soluble  in  water 
and  alkali,  the  definition  of  the  pharmaceutic  class — resins — are  those 
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plant  prodtuiSf  solvble  in  alcohol  and  insoluble  in  waieTy  obtained  either  as 
the  residue  from  the  distiUalion  of  an  oleoresin,  or  by  pouring  a  concerUrated 
alcoholic  extract  of  a  drug  into  water  or  addvlaied  water.  AH  three  official 
resins  are  made  by  the  latter  process;  but,  as  example  of  resins  obtained 
by  distillation  of  an  oleoresin,  may  be  cited  resin  of  copaiba  (U.S.P.  1890) 
and  official  rosin.  The  latter,  however,  can  best  be  considered  as  a  crude 
arug,  and  is,  therefore,  discussed  in  Part  IV. 

SPECIAL  NOTES  ON  OFFICIAL  RESINS 

RBSINA  JALAPiE— Resin  of  Jalap 
(Res.  Jalap.) 

Condensed  Recipe. 

Moisten  1000  Gm.  jalap,  in  No.  60  powder,  with  the  menstrum — alcohol — 
macerate  for  forty-eight  hours  after  packing  and  then  percolate  with  alcohol,  to 
exhaustion.  Recover  most  of  the  alcohol  by  distillation  and  pour  the  residual  liquid 
(which  should  weigh  250  Gm.)  into  3000  mils  of  water.  After  standing  decant  super- 
natant liquid,  wash  the  precipitated  resin  with  water,  by  decantation,  and  finally  dry 
it  by  heatmg  on  a  water-bath.    For  details  see  U.S.F.,  p.  367. 

Condensed  Description. 

Yellow  to  brown  masses  or  fragments;  peculiar  odor,  acrid  taste:  soluble  in 
alcohol;  insoluble  in  carbon  disulphide;  not  more  than  30  per  cent,  should  dissolve  in 
chloroform. 

Impurities. — Rosin,  guaiac  and  other  resins;  aloin;  water-soluble  matter.  For 
details  see  U.S.P.,  p.  357. 

Remarks. — The  above  recipe — precipitation  of  resin  from  the  con- 
centrated alcoholic  tincture  by  pouring  into  water — ^needs  no  special 
comment. 

As  most  pharmacists  buy  their  resins  in  the  open  market,  and  as 
some  of  the  commercial  samples  are  rankly  adulterated,  the  pharma- 
copoeia gives  in  the  case  of  all  three  official  pharmaceutic  resins  tests 
for  identity  and  for  detection  of  adulterants.  Whatever  explanation  of 
these  tests  are  needed  will  be  given  under  the  drugs  from  which  the  resin 
is  derived  in  Part  IV.  A  constituent  of  the  official  compound  cathartic 
pills. 

Dose. — 125  milligrammes  (2  grains). 

RESmA  PODOPHYLLI— Resin  of  Podophyllum 
(Res.  Podoph. — Podophyllin) 

Condensed  Recipe, 

Moisten  1000  Gm.  podophyllum,  in  No.  60  powder  with  alcohol  and  macerate  for 
forty-eight  hours,  after  pactdng.  Percolate  with  alcohol  to  exhaustion;  concentrate 
the  percolate  by  distillation  to  a  thin  syrup,  which  is  then  poured  into  a  mixture  of 
10  mils  of  hydrochloric  acid  with  1000  mils  of  water,  which  nas  been  chilled  to  lO^C. 
Let  the  precipitated  resin  subside,  decant  the  supernatant  fluid:  wash  the  precipitate 
by  decantation.  with  two  portions  of  cold  water;  and  then  collect  and  .dry  it  on  a 
strainer.    For  details,  see  U.S. P.,  p.  358. 

Condensed  Description. 

Amorphous  powder;  light-brown  to  greenish-yellow;  peculiar  odor;  bitter  taste; 
soluble  in  alcohol;  75  per  cent,  is  soluble  in  ether:  65  per  cent,  is  soluble  m  chloroform; 
hot  water  extracts  some  bitter  principle  whicn  turns  brown  with  ferric  chloride; 
soluble  in  fixed  alkaline  hydroxides,  with  a  yellow  color;  ash,  not  more  than  1.5  per 
cent. 

Impurity. — ^The  resin  from  Podophyllum.    Emodi. — See  U.S.P.,  p.  369. 

Remarks. — The  pharmacopoeial  recipe  diflfers  from  that  for  resin  of 
jalap  in  the. volume  to  which  the  tincture  must  be  concentrated;  in  the 
quantity  of  water  in  which  the  precipitation  is  performed,  and  in  the 
fact  that  it  must  be  acidulated  and  cold,  and  that  the  wash-water  must 
be  cold. 
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The  question  of  temperature  and  composition  of  the  precipitation 
liquid  is  of  great  importance  in  making  this  and  other  resinoids.  Some 
manufacturers  precipitate  podophylUn  by  pouring  into. alum  solution, 
seciiring  a  larger  yield  and  a  less  active  product.  Unless  the  precipitation 
is  properly  conducted  there  is  danger  of  obtaining  a  markedly  toxio 
product. 

This  resin  is  the  most  important  of  the  so-called  "remnaida,"  a  class  of  prepara- 
tions introduced  by  eclectic  practitioners,  through  whose  efforts  a  large  nimiber  of 
valuable  American  drugs — such  as  podophyllum  and  hydrastis — were  brought  to  the 
attention  of  physicians. 

In  attempting  to  secure  concentrated  forms  of  these  eclectic  drugs  Dr.  King  hit 
upon  the  idea  of  extracting  the  drug  with  strong  alcohol  and  pouring  this  alcoholic 
tmcture  into  water.  In  this  way  he  obtained  resin  of  podophyllum,  and  so  named  it. 
Later  manufacturers,  supposing;  it  a  definite  body,  called  it  "podophyllin." 

Like  many  other  excellent  ideas,  the  search  tor  such  concentrates  was  carried  to 
excess,  and  thus  were  put  unon  the  market  a  number  of  resinoidsy  each  purpK)rting 
to  be  the  active  principle  of  tne  plant  from  which  derived,  and  given  the  name  imply- 
ing such  active  constituent.  Among  such  resinoids  of  little  or  no  value  may  be  cited 
alArin  (from  Aletria  farinosa);  oeranin  (from  Geranium  nuUulatum);  macrotin  (from 
Cimidfuga  racemosfi,  the  other  botanical  name  of  which  is  Macrotrys  adceoides);  and 
9anguinarin  (from  Sanguinaria  canadensis).  How  these  commercial  names  lead  to 
confusion  can  best  be  shown  by  the  statement  that  the  resinoid,  sanguinarin,  has 
nothing  in  common  with  sanguinarine,  the  alkaloid  of  sanguinaria. 

Resin  of  podophylliun  is  a  constituent  of  a  number  of  pills  included 
in  the  National  Formulary.  (See  p.  313.)  It  is  not  used  however,  in 
any  preparation  of  the  present  pharmacopoeia. 

Dose.— 10  milhgrammes  (H  grain). 

RESINA  SCAMMONn— Resin  of  Scammony 

(Res.  Scamm.) 

Condensed  Recipe. 

Moisten  1000  Gm.  scammony  root  in  No.  30  powder  with  alcohol,  macerate  forty- 
eight  hours  after  packing  and  percolate  with  alcohol  to  exhaustion.  Concentrate 
the  percolate  by  distillation  and  pour  the  residual  thin  syrup  into  hot  water.  After 
standing,  the  supernatant  liquid  is  decanted  from  the  precipitated  resin,  which  is 
washed  oy  decantation  with  two  portions  of  hot  water  and  then  dried  on  a  water- 
bath.    For  details  see  U.S.P.,  p.  359. 

Condensed  Description, 

Brownish  translucent  masses,  of  characteristic  fragrant  odor;  soluble  in  alcohol, 
05  per  cent,  is  soluble  in  ether;  soluble  in  alkali  hydroxides;  ash,  not  more  than  1 
per  cent. 

ImpwrUies. — Rosin,  guaiac  and  resins  of  jalap  and  false  scammony.  For  details 
see  U.S.P.,  p.  359. 

Remarks. — ^In  making  this  resin  the  manipulation  is  similar  to  that 
employed  in  preparing  resins  of  jalap  and  of  podophyllum;  the  difference 
being  absence  of  mention  of  amount  of  alcohol  used  in  moistening  the 
drug,  of  the  voliune  of  percolate  and  of  evaporated  fluid.  Note  that  the 
precipitation  is  to  be  in  unacidulated  hot  water. 

Dose. — ^200  milligrammes  (3  grains). 

Resina  Copaibs  (n.S.P.  1890)  was  included  in  a  number  of  the  editions  of  the 
Unitai  States  Pharmacopoeia  but  was  dropped  in  the  eighth  revision.  It  is  made  by 
distilling  the  oleoresin,  copaiba,  when  the  volatile  oU  passes  over,  leaving  the  resin  in 
the  retort. 


DOSES  OF  OFFICIAL  RESINS 

10  milligrammes  (>{  grain) Resin  of  podophyllum 

125  milligrammes  (2  grains) Resin  of  jalap. 

200  milligrammes  (3  grains) Resin  of  scammony. 
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CHAPTER  XVIII 
POWDERS   AND    TRITURATIONS 

POWDERS 

A  DEFINITION  for  powders  is  somewhat  difficult  unless  we  are  satisfied 
with  the  rather  vague  statement,  cornbinatioifts  of  solid  drugs  in  finely 
divided  form. 

It  is  even  questionable  whether  powders  should  be  grouped  under 
"internal  preparations,'*  for  while  all  official  powders  are  used  internally, 
there  are  many  prescriptions  for  powders  intended  for  dusting  purposes. 
Powders  are  usually  made  by  trituration  with  pestle  and  mortar,  though 
dusting-powders  should  be  made  by  mixing  the  ingredients,  already  re- 
duced to  a  fine  powder,  with  a  spatula,  since  rubbing  in  a  mortar  is  apt 
to  cause  caking. 

In  writing  prescriptions  for  compound  powders  the  physician  usually 
directs  the  trituration  of  a  sufficient  quantity  of  the  ingredients  to  make 
several  powders.  This  is  particularly  useful  from  the  point  of  the  phjrsi- 
cian  in  enabling  him  to  prescribe  a  certain  weighable  quantity  of  a  potent 
drug,  say,  one  grain  of  arsenic,  and  directing  that  to  be  rubbed  up  with 
the  other  constituents,  and  then  to  be  dispensed  in  a  sufficient  number 
of  parts,  so  that  each  part  will  contain  a  safe  dose.  Thus,  if  a  grain  of 
arsenic  is  directed  in  30  powders,  each  powder  will  contain  the  usual  dose 
of  that  chemical  (J^o  grain).  In  preparing  such  powders  it  is  necessary 
for  the  pharmacist  to  exert  great  caution  in  having  the  potent  ingredient 
sufficiently  triturated  with  the  diluent  to  insure  uniform  and  thorough 
subdivision.  The  dividing  of  the  mass  into  the  requisite  number  of 
powders  is  accomplished  in  several  ways.  In  one  the  papers,  which  are  to 
hold  the  several  portions  of  the  divided  powder,  are  spread  on  a  clean 
table;  the  mixture  transferred  to  the  papers  in  portions  by  means  of  the 
spatula,  and  when  all  the  substance  has  thus  been  transferred,  an  attempt 
is  made  to  equaUze  the  quantity  of  powder  on  each  paper  by  means  of 
the  eye.  With  practice  one  becomes  fairly  expert  at  striking  the  requisite 
quantity,  although  the  process,  at  its  best,  is  inaccurate,  as  can  be  proved 
by  any  pharmacist  by  taking  at  random  three  or  four  powders  from  the 
batch  that  is  thus  divided  and  weighing  each.  A  variation  of  25  to  30 
per  cent,  is  not  unusual. 

In  order  to  render  the  subdivision  more  accurate,  several  appliances 
for  the  dividing  of  powders  have  been  devised.  Of  these  the  most  con- 
venient is  the  Michael  powder  divider  (Fig.  179).    This  consists  of  a 
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tapering  cup  into  which  the  mixed  powder  ia  poured  and  packed  fairly 
uniformly  by  gentle  tapping.  Into  thifi  is  then  inserted  a  gpecial  separa- 
tor  consisting  of  metal  segments,  which  exactly  divide  the  cup  into  ihe 
number  of  powders  desired,  thus  equally  dividing  the  powder  into  the 
desired  portions.  This  being  done,  the  apparatus  is  covered  with  a 
tightly  fitting  cap,  provided  with  one  orifice,  through  which  the  contents 
of  compartments  of  the  divider  can  be  poured  off  one  at  a  time.  By 
turning  the  cap  so  that  the  orifice  changes  from  segment  to  segment,  and 
inverting  after  each  case,  the  contents  of  each  segment  can  be  emptied. 
At  its  best,  however,  such  a  powder  divider  is  not  exceedingly  convenient, 
nor  is  it  so  correct  as  one  would  wish. 

The  third,  and  by  all  odds  the  best,  method  of  dividing  powders  is 
by  estimating  the  weight  that  each  powder  should  be,  and  weighing  out 
that  quantity,  and  transferring  it  forthwith  to  one  of  the  unfolded  papers. 
In  this  way  correct  results  urc  obtained,  and  when  once  practised,  the 


Flf.  179. — Michm«l>  povder  djTider. 

process  is  found  to  demand  but  Uttle  more  time  than  that  consumed  In 
dividing  by  eye.  In  weighing  powders  it  is  found,  however,  by  reason 
of  the  extreme  accuracy  of  the  process,  that  the  last  powder  is  apt  to  be 
short  in  weight,  due  to  the  natural  loss  because  of  some  of  the  powder 
adhering  to  the  pestle  and  mortar.  In  the  writer's  practice  he  always 
weighed  out  a  sufficient  amount  of  each  ingredient  called  for  in  the  pre- 
scription to  make  one  more  powder  than  the  number  directed,  and  the 
slight  excess,  after  weighing  out  the  requisite  number  of  papers,  was  then 
thrown  away.  The  powders  so  divided  are  then  folded  in  separate  pieces 
of  paper;  the  art  of  powder-folding  being  one  acquired  with  a  little  prac- 
tice. The  process  consists  in  laying  the  requisite  number  of  papers  on 
the  clean  table,  each  provided  with  a  fold  at  the  top,  the  size  of  which  has 
been  determined  in  advance.  The  subsequent  processes  will  best  be 
shown  in  the  appended  illustrations  (Fig.  1^),  the  second  st^e  being  to 
bring  up  the  lower  edge  of  the  paper  to  the  crease  already  made,  as  shown 
in  b.  The  flap  of  the  crease  is  then  bent  over  on  to  the  edge,  the  paper 
then  taken  and  creased  and  folded  down  to  the  lower  edge  of  the  paper,  . 
and  then  all  that  remains  is  that  the  two  edges  be  folded  inward,  as  shown 
in  c.  The  folding  of  these  ends,  so  that  the  length  of  each  folded  paper 
be  the  same,  is  sometimes  performed  on  a  special  powder-folder,  shown 
in  Fig.  181,  although  many  careful  pharmacists  fold  the  paper  as  directed 
upon  the  box  into  which  the  finished  powders  arc  to  be  placed. 

There  are  now  on  the  market  powder  papers  folded  by  machinery 
and  intended  to  be  uaed  by  opening,  putting  in  the  powder,  and  folding 
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again,  but  the  writer  fails  to  see  wherein  these  give  better  results  than  a 
plain  paper  folded  by  hand,  as  directed  below. 

In  discussing  the  question  of  the  various  forms  of  powder  boxes,  it  is 
Deceesary  here  to  say  that  modern  pharmacists  use  the  so-called  NewYork 
powder  box,  shown  in  Fig.  182,  shde  powder  boxes  failing  to  give  as  good 
results.  Into  this  New  York  powder  box  the  powder  ^ould  be  placed 
uplift,  as  is  shown  in  Ilg.  180,  e,  and  in  folding  the  powder  each  should 


Fi|.  lao. — Fddinc 


be  exaetly  the  same  size,  and  should  project  from  the  box  to  the  same 
height — usually  made  about  Ke  inch.  The  finer  grade  of  the  powder  box 
is  arranged  with  a  sufficient  difference  between  the  height  of  the  shoulder 
and  of  the  inside  of  the  cover  to  permit  the  papers  to  protrude  that  dis- 
tance, the  object  of  having  the  papers-  protrude  b^ng  to  facilitate  the 
removing  of  the  papers  from  the  box. 


Hf.  ISl.— Powder  (oldM  .  E^.  183.— New  yoik  powder  box. 

In  preparing  and  successfully  folding  the  paper  it  is  necessary  that 
the  paper  conform  exactly  to  the  dimensions  of  Uie  box,  and  in  order  to 
aid  the  pharmacist  in  this  work,  the  so-called  shoulder  boxes  are  made 
the  same  length  and  height,  the  difference  in  the  size  for  the  different 
numbers  of  papers  being  merely  in  the  width.  In  purchasing  boxes  of 
that  kind  the  pharmacist  should  procure  paper  of  such  size  as  will  make 
a  perfectly  neat  package;  that  is,  a  paper  the  length  of  which  is  a  trifle 
less  than  double  the  interior  length  of  the  box,  while  the  width  of  the 
paper  should  be  a  little  over  twice  the  height  of  the  box.    Having  ob- 
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tained  paper  of  the  right  dimensions,  all  that  remains  to  be  done  is  to 
learn  the  size  which  the  first  flap  (Fig.  180,  a)  should  be  made.  This  is 
so  regulated  that  the  powder,  when  folded,  with  the  end  where  the  original 
flap  was  made  coinciding  with  the  finished  folded  paper,  will  make  a 
finished  powder  of  the  height  suggested  above,  namely,  one  which  will 
protrude  Jf  e  i^ch  from  the  paper  box. 

Having  folded  a  paper  to  conform  with  the  size  of  the  box,  it  is  cus- 
tomary to  make  the  finished  powder  smooth  by  rubbing  each  end  down 
with  a  spatula.  The  powders  are  then  gathered  up  from  the  counter  and 
piled  together  with  the  flaps  alternating  up  and  down  (Fig.  180,  d). 
These  precautions  are  required  because  it  will  be  seen  that  the  finished 
powder  is  thicker  where  the  flap  rests  than  in  any  other  portion  of  the 
paper.  If  the  bimch  of  powders,  say  12  to  24,  were  placed  in  a  box,  all 
m  the  same  position,  this  slight  increase  in  thickness,  multiplied  by  the 
number  12  or  24,  would  make  a  decided  discrepancy  in  the  width  of  the  top 
and  bottom  of  a  bxmch  of  powders;  and  if  such  were  placed  in  the  box 
in  which  they  fit  snu^y,  a  decided  pressure  would  be  exerted  at  the 
upper  edge,  a  pressure,  in  fact,  sufficient  to  cause  the  springing  out  of  the 
entire  lot  of  powders  when  the  first  paper  was  removed  (Fig.  180,  /).  By 
alternating  the  position  of  the  flap  up  and  down  the  pressure  is  equalized 
and  no  such  inconvenience  results. 

Some  pharmacists  follow  the  admirable  custom  of  having  their  name 
and  addr^  printed  on  their  powder  papers  in  such  a  position  that' the 
printed  matter  will  appear  in  the  center  of  the  folded  paper.  Such  a 
practice  cannot  be  too  strongly  recommended,  because  it  affords  a  highly 
legitimate  method  of  publicity. 

After  the  powders  are  neatly  folded  and  placed  in  the  box,  the  latter 
is  wrapped  in  an  appropriate  paper  and  tied.  This  leads  us  to  the  very 
important  question  of  the  dispensing  of  packages  in  elegant  form,  an  art 
wmch  appears  to  the  writer  to  be  felling  into  disuse.  The  first  essential 
in  making  a  successful  package  is  that  the  paper  be  of  exactly  proper  pro- 
portions, and  the  writer  attributes  to  the  introduction  of  the  roll  paper, 
so  largely  used  in  drug-stores  at  present,  and  supposed  to  be  unrolled 
and  torn  off  as  required,  the  lack  of  care  shown  in  the  modem  package. 

In  former  days  the  paper  was  bought  in  full  sheets  and  was  carefuUy 
cut  to  the  size  required  for  the  package.  Thus,  for  powder  boxes  the 
paper  was  cut  in  strips  4  inches  wide,  and  of  a  length  ranging  from  6 
inches  to  8  inches.  For  pill  boxes  smaller  strips,  say  2}^  inches  wide, 
were  employed.  The  paper  for  1-ounce  bottles  was  6  by  6  inches,  for 
2-  and  3-ounce  bottles  was  7  by  8J^  inches;  for  4-  and  ©-ounce  bottles 
was  8}4  by  11  inches;  for  8-ounce  bottles  was  11  by  11  inches;  while  for 
pint  bottles  it  was  12  by  12  inches.  Of  the  papers  so  cut,  the  one  for 
6-ounce  bottles  usually  sufficed  for  thp  careful  wrapping  of  1  to  2  ounces 
of  an  herb,  and  from  4  to  8  ounces  of  a  chemical;  while  the  larger  sized 
papers  would  be  used  for  proportionately  larger  quantities.  The  criti- 
cism that  might  be  raised  in  regard  to  taking  pains  in  making  packages 
is  the  time  which  is  required.  As  far  as  the  wrapping  of  a  powder  or  pill 
box  or  of  a  bottle,  no  more  time  is  required  for  wrappmg  it  carefully  than 
is  required  to  do  the  same  work  carelessly,  and  as  for  the  wrapping  of 
solid  substances,  it  is  recommended  that  the  pharmacist  follow  the  cus- 
tom of  old-time  druggists  of  keeping  on  hand  a  sufficient  stock  of  packages 
already  wrapped,  which  can  be  handed  out  when  demanded.  In  the 
author's  experience,  he  kept  on  hand  packages  of  almost  everything  for 
which  there  was  at  least  one  demand  a  week.     Of  those  substances  for 
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which  there  was  a  very  sUght  demand,  only  one  package  was  prepared 
and  kept  in  the  container,  and  when  this  was  sold,  another  package  was 
made  at  the  first  leisure  moment.  In  this  way  the  pharmacist,  especially 
when  by  himself  in  a  store,  can  facilitate  dispensing  to  an  enormous 
extent,  because  much  time  is  consimied  in  wrapping  packages.  Details 
of  making  a  neat  package  can  be  best  given  accompanied  by  the  following 
illustrations: 

Wrapping  a  pill  box:  Take  the  strip  of  paper,  place  the  pill  box 
thereon,  and  bring  up  the  two  ends,  and  fold  over  into  a  crease,  as  is 
shown  in  Fig.  183,  a.  The  paper  should  be  made  of  such  a  size  that  a 
second  crease  about  the  size  of  the  first  one  will  bring  the  paper  perfectly 
firmly  around  the  edge  of  the  pill  box,  as  shown  in  b.  The  paper  should 
then  be  of  sufiicient  width  so  that  when  the  edges  are  folded  down  in  the 
flap,  there  will  be  bulging  pieces  of  paper  to  be  cut  ofif.     In  the  writer's 


Fig.  183.— Wrapping  pill  box  (see  text). 

experience,  he  preferred  folding  the  open  edges  down  to  the  folded  flaps, 
as  shown  in  c,  because  when  so  done  the  tying  can  be  done  by  simply 
passing  the  string  two  or  three  times  around  the  edge  of  the  box,  as  is 
shown  in  d.  Some  pharmacists  prefer  to  bring  the  edges  down,  as  is 
shown  in  e,  when  the  string  must  be  placed,  not  merely  aroimd  the  edges, 
but  around  the  edges  of  the  box,  as  is  shown  in  /.  In  place  of  twine, 
elastic 'bands  are  now  used,  and  have  much  to  commend  themselves. 

In  wrapping  a  powder  box  the  procedure  is  similar  to  that  of  a  pill 
box,  as  shown  in  the  various  stages  in  Fig.  184,  a  and  b.  The  flaps  are 
folded  either  as  shown  in  c  or  d,  and  for  the  same  reason  as  explained  in 
the  case  of  the  pill  boxes. 

In  wrapping  bottles  the  mode  of  procedure  is,  first,  to  fold  the  crease, 
as  shown  in  Fig.  186,  a,  and,  as  in  the  case  of  the  powder  and  pill  boxes, 
the  paper  should  be  of  such  a  size  that  the  second  fold  will  bring  the  paper 
snugly  around  the  bottle,  as  shown  in  6.  The  open  edge  at  the  base  of 
the  bottle  is  then  folded  in  neat  flaps,  while  the  paper  around  the  neck 
should  be  creased,  as  shown  in  c. 

This  done,  the  bottle  is  wrapped  with  string  down  and  back,  and 
finally  wound  tightly  aroimd  the  neck,  as  is  shown  in  d. 

In  folding  packages  the  paper  is  first  folded  with  the  crease,  as  shown 
in  Fig.  186,  a.  This  crease  is  then  bent,  very  great  care  being  required 
to  make  it  exactly  equal  the  whole  length  of  the  package,  as  shown  in  b. 
One  of  the  open  ends  is  then  temporarily  folded,  as  shown  in  c,  while 
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the  other  end  is  carefully  folded  away  from  the  flap,  as  shown  in  d.  This 
being  done,  it  is  then  turned  downward,  the  temporary  folding  of  the 
other  end  reopened,  and  refolded  exactly  as  the  other  end,  the  finished 
package  is  then  wrapped  with  a  string,  both  across  its  length  and  width, 


Fig.  184. — ^Wrapping  powder  box  (see  text). 

as  shown  in  6,  although  for  this  purpose  a  rubber  band  is  frequently 
substituted. 

The  folding  of  solids  in  packages,  as  just  mentioned,  is  becoming 
obsolete,  due  to  the  introduction  of  boxes  for  holding  solid  substances 
at  prices  justifying  their  free  distribution  by  the  druggist. 


Fig.  185. — Wrapping  bottle  (see  text). 

Such  boxes  should  be  wrapped  with  paper  in  a  manner  similar  to 
the  smaller  powder  boxes,  and  the  use  of  such  boxes  is  growing  very 
popular  because  of  the  convenience  of  keeping  drugs  in  such  containers. 
It  might  be  here  stated  that  all  packages  of  drugs  and  chemicals  wrapped 
in  the  style  above  given  should  be  neatly  labeled. 

As  to  the  choice  of  wrapping-paper,  the  writer  uses  plain  white  paper 
in  preference  to  the  gaudily  colored  papers  so  much  in  vogue  in  modern 
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pharmacies.  He  is  not  alone  in  this  preference,  for  not  long  since  a 
woman  of  refinement  and  culture  spoke  of  the  shocking  lack  of  taste  dis- 
played by  the  average  druggist  in  dispensing  his  drugs  in  gaudy  pink, 
blue,  and  red  paper.  The  manila  paper,  formerly  largely  used  for  the 
cheaper  goods,  should  not  be  used  by  elegant  dispensers;  such  paper  is 
admirably  adapted  to  the  wrapping  of  packages  to  be  sent  by  mail  or 
express,  but  it  should  not  be  seen  wrapped  aroimd  any  product  taken  out 
of  the  drug-store  by  the  purchaser. 

In  place  of  string  or  rubber^  bands  there  has  been  lately  introduced 
an  attractive  form  of  fastener  in  the  shape  of  ribbon  on  which  is  im- 
printed the  name  of  the  firm.  Although  such  ribbon  is  expensive,  the 
use  of  it  is  good  business,  affording  the  pharmacist  a  convenient  and 
unobtrusive  method  of  publicity. 


^ 
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Fig.  180.— Wrapping  package  (see  text). 

To  return  to  the  subject  of  the  dispensing  of  powders:  if  the  powder 
contains  deliquescent  substances,  the  ordinary  powder  paper  should  not 
be  used,  as  the  moisture  will  soon  penetrate  to  the  ingredients  and  the 
paper  will  become  wet.  Such  deliquescent  powders  should  be  wrapped 
in  paraffin  paper  and  then  covered  with  tin-foil  in  order  to  prevent,  as 
far  as  possible,  atmospheric  action. 

The  powders  of  the  pharmacopoeia  represent  mixtiu*es  of  the  medicinal 
constituents  not  divided  into  specific  doses,  the  only  exception  of  this 
rule  being  Seidlitz  powder. 

Even  as  all  the  pharmacopceial  liquids — such  as  tinctures  and  fluid- 
extracts — are  directed  to  be  finished  as  bulk  fluids  of  definite  strength,  so 
all  official  powders  except  Seidlitz  powders  are  to  be  finished  as  bulk 
masses.  In  this  way  the  pharmacopceial  powders  differ  from  such  official 
soUds  as  pills,  lozenges,  and  suppositories,  which  are  finished  in  the  form 
of  divided  doses. 

TABLE  OF  OFFICIAL  POWDERS 

(All  Oalxmic) 


Procew 

All  by  simple  trituratioii.     Finished  in 
undivided  masses. 


Finished  in  divided  doses. 


PreparaHon 

Aromatic  powder. 
Chalk  powder,  compound. 
Glycyrrhisa  powder,  compoimd. 
Powder  of  ipecac  and  opium. 
Powder  of  jalap,  compound. 
Powder  of  rhubarb,  compound. 
Effervescing  powder,  compound. 
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SPEOAL  NOTES  ON  PPFICIAL  POWDERS 

PULVIS  AROMATICQ^Aromatic  Powder 

(Pulv,  Arom.) 

Candented  Recipe, 

Ingredients — Saigon  cinnamon  and  Jamaica  ginger,  of  each,  35  Gm.;  caniamom 
seed  and  myristica  (freshly  grated),  of  each,  15  Gm. 

ManipuU^Um. — Triturate  the  cardamom  and  nutmeg,  with  a  portion  of  the  cin* 
namon  and  then  with  the  rest  of  the  ingredients. 

Remarks. — ^This  consists  of  cinnamqpy  ginger,  cardamom,  and  nutmeg. 
The  present  pharmacopoeia  directs  the  use  of  cardamom  seed,  depriv^ 
of  pericarps  (the  chaffy  wall  of  the  ovary  constituting  the  so-called 
"hull'*)-  This  is  to  be  crushed  and  then  triturated  to  a  jBne  powder  with 
nutmeg  and  a  little  cinnamon,  blended  with  finely  powdered  ginger  and 
cinnamon.  Both  the  cardamom  and  nutmeg  are  very  unstable  in  the 
powdered  form;  lience  the  whole  drugs  are  to  be  powdered  in  the  process 
of  preparation. 

It  is  to  be  noted  that  the  present  pharmacopoeia  provides  a  paragraph 
describing  the  microscopy  of  this  powder. 

Aromatic  powder  is  used  chiefly  to  flavor  other  powdered  substances, 
although  it  is  of  some  value  for  relieving  flatulence. 

Dose. — 1  Gm.  (15  grains). 

PULVIS  CRETuE  COMPOSITUS— Compound  Chalk  Powder 

(Pulv.  Cret  Co.) 

Condensed  Recipe. 

Ingredients. — Prepared  chalk,  30  Gm.;  powdered  acacia,  20  Om.;  powdered  sugar, 
50  Gm. 

Maniptdaiion. — Mix  by  simple  trituration  and  sift.     For  details,  see  U.S.P. 

Remarks. — ^This  is  the  chief  constituent  of  chalk  mixture  (p.  257),  and 
is  official  for  that  reason  alone. 

Note  that  it  is  made  from  prepared  chalk,  not  from  precipitated  chalk, 
for  reasons  given  on  p.  471. 

Dose. — 2  Gm.  (30  grains). 

PULVIS  EFFERVESCENS  COMPOSITUS— Compound  Effervegcing 

Powder 

(Pulv.  Eflf.  Co.— Seidlitz  Powder) 

The  weight  of  a  mixttu^  in  a  blue  paper  is  not  leas  than  0.5  Gm.  nor  more  than 
10.5  Gm.  and  contains  not  leas  than  23  per  cent,  nor  more  than  27  per  cent,  of  nodium 
biearbonate  and  not  less  than  73  per  cent,  nor  more  than  78  per  cent,  of  pota«rium  and 
aodinm  tartrate. 

Condensed  Reape. 

Triturate  30  Gm.  sodium  bicarbonate  with  90  Gm.  potassium  and  sodium  tartrate, 
divide  eaually  and  wrap  in  12  blue  papers.  likewise,  divide  26  Gm.  powdered  tar-* 
tazic  acia  into  12  portions  wrapping  each  in  a  white  paper. 

For  assay  oi  the  sodium  bicarbonate  and  of  ihe  potassium  and  sodium 
tartrate,  see  Part  V. 

Remarks. — As  mentioiied  previously,  this  is  the  one  official  powder  in 
wfairh  the  constituents  are  divided  into  special  doses,  the  sodium  bicar' 
bonate  and  BochdOe  salt  bdng  divided  into  12  powders,  wrapped  in  blue 
papers,  while  the  tartaric  acid  is  wrapped  in  white  papers.    In  preparing 
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Seidlitz  powders  the  dividing  of  the  powder  is  performed  by  using  the 
so-called  Seidlitz  powder-cup  (Fig.  187) ;  one  of  the  cups  is  purported  to 
hold  the  amount  of  Rochelle  salt  and  sodium  bicarbonate  nuxture,  while 
the  smaller  cup  is  supposed  to  contain  the  amoimt  of  tartaric  acid  which  is 
directed.  These  cups  are  used  by  taking  a  large  quantity  of  the  powdered 
substance  on  a  sheet  of  paper,  and  fillmg  the  cup  by  pressing  into  the 
powdered  mass,  placing  the  cup  over  the  powder  paper,  and  emptying 
on  same  by  a  gentle  tapping  of  the  cup  with  a  spatula.  The  use  of  such 
cups,  however,  does  not  necessarily  mean  a  correct  division  of  the  chem- 
icals, as  the  amount  which  the  cup  will  hold  depends  entirely  upon  the 
pressure  exerted.  Some  years  since  an  investigator  weighed  Seidlitz 
powders  obtained  from  the  various  stores  throughout  the  country,  and 
found  that  the  weight  of  the  Rochelle  salt — sodium  bicarbonate  mixture 

put  up  in  blue  paper,  ranged  all  the  way  from  133 
grains  to  251  grains,  while  the  white  paper  contained 
from  30  grains  to  56  grains  of  tartaric  acid.  (Proper 
quantities,  155  grains  and  33  grains  respectively.) 

For  this  reason  it  is  wisest  to  weigh  out  the  contents 
of  each  powder,  a  process  more  feasible  than  it  seems. 

The   Rochelle  salt — sodium  bicarbonate  mixture  is 
obtainable  in  commerce    under   the  name    of    SeidlUz 
mixture^  and  that  sometimes  at  a  price  cheaper  than 
the  cost   of  the  separate  ingredients.     There  can  be 
^"^^wd^wp^^   but  one  explanation  of  this  fact:  that   such  "cheap" 

Seidlitz  mixture  contains  more  than  the  25  per  cent,  of 
inexpensive  sodium  bicarbonate  directed  by  the  pharmacopoeia. 

The  effervescence  occurring  on  mixing  solutions  of  the  contents  of 
the  blue  and  the  white  papers  is  due  to  hberation  of  carbon  dioxide  by 
the  chemical  action  of  the  tartaric  acid  on  the  sodium  bicarbonate. 
Details  of  this  reaction  will  be  found  on  p.  418. 

A  difference  noted  between  the  average  home-made  Seidlitz  powder, 
and  that  purchased  in  the  market  is  the  superior  keeping  quaUty  of  acid 
inclosed  in  the  white  papers  of  the  purchased  article.  Tartaric  acid  is 
rather  deliquescent,  and  the  home-made  "white  papers"  frequently 
begin  to  discolor  (the  paper  wrapper  becoming  yellow),  and  not  seldom 
become  a  moist  mass.  This  trouble  can  be  obviated  by  thoroughly  dry- 
ing the  tartaric  acid  in  an  oven  or  by  spreading  in  the  sunshine  on  a  dry 
day.  The  tartaric  acid  so  dried  will  keep  as  well  when  wrapped  as  does 
that  of  the  commercial  Seidlitz  powders. 

Before  leaving  the  subject  of  commercial  Seidlitz  powders  reference 
must  be  made  to  an  excellent  grade  found  on  the  market,  the  subdivision 
and  folding  of  which  are  performed  on  a  special  machine  covered  by 
patents. 

This  machine^-the  Doan  Seidlitz  Powder  Machine — is  not  for  sale, 
the  patentee  preferring  to  sell  the  Seidlitz  powders  made  on  the  machine, 
and  that  at  a  low  price. 

Seidlitz  powders  arc  much  esteemed  as  purgatives,  the  effervescence, 
when  administered,  masking  the  taste  of  Rochelle  salts,  which  is  the  active 
ingredient.  As  is  well  known,  Seidlitz  powders  are  administered  by  dis- 
solving the  contents  of  the  blue  and  of  the  white  powder  in  separate 
glasses  one-third  fiUed  with  water,  mixing  the  two  liquids,  and  drinking 
while  effervescing;  not  by  drinking  the  two  liquids  one  after  the  other, 
as  has  been  done  more  than  once,  with  disastrous  results. 
Dose, — One  set  of  the  two  powders. 
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PULVIS    GLTCYRRKLZuE    COMPOSITUS— Compound    Powder    of 

Glycyrrhiza 

(Pulv,  Glycyrrh.  Co. — Compound  Licorice  Powder) 
Condensed  Recipe. 

Ingredients. — Powdered  senna,  180  Gm.;  powdered  glycyrrhiza,  236  Gm.;  washed 
sulphur,  80  Gm.;  oil  of  fennel,  4  Gm.;  sugar,  500  Gm. 

Manipulation. — Triturate  the  oil  with  some  of  the  sugar,  add  the  rest  of  the  in- 
gredients, mix  by  trituration  and  run  through  a  No.  80  sieve.  For  details,  see  U.S.P., 
p.  345. 

Remarks. — Compound  powder  of  glycyrrhiza  is  what  is  commonly 
called  "compound  hcorice  powder,"  and  is  an  excellent  remedy  for 
costiveness.  Note  its  ingredients,  and  that  washed,  not  subhmed,  sul- 
phur is  employed.  A  paragraph  describing  the  microscopy  of  the  powder 
is  given  in  the  present  pharmacopoeia. 

Dose. — 4  Gm.  (60  grains). 


PULVIS  IPECACUANKS  ET  OPH— Powder  of  Ipecac  and  Opium 

(Pulv.  Ipecac,  et  Opii. — Compound  Powder  of  Ipecac.     Dover's  Powder 

Opii  et  Ipecacuanhas  pulvis  compositus  P.I.) 

Condensed  Recipe, 

Triturate  10  Gm.  ipecac,  in  No.  60  powder^  10  Gm.  powdered  opium  and  80  Gm. 
sugar  of  milk  in  No.  30  powder  until  a  fine  uniform  mixture  results. 

Remarks. — This  is  the  popular  Dover^s  powder,  and  contains  10  per 
cent,  ipecac,  10  per  cent,  opium,  and  80  per  cent,  sugar  of  milk.  A 
microscopic  description  of  the  powder  is  given  in  the  pharmacopoeia. 

Dose. — 500  milligrammes  (7)^  grains). 

PULVIS  JALAPuE  COMPOSITUS— Compound  Powder  of  Jalap 

(Pulv,  Jalap.  Co. — Pulvis  Purgans) 

Condensed  Recipe. 

Triturate  together  35  Gm.  powdered  jalap  and  65  Gm.  potassium  bitartrate  and 
then  sift.     For  details,  see  U.S.?.,  p.  346. 

Remarks. — This  powder,  sometimes  called  ptUvis  purgans,  consists  of 
35  per  cent,  jalap  and  65  per  cent,  cream  of  tartar.  Its  microscopy  is 
given  in  the  pharmacopoeia. 

Dose. — 2  Gm.  (30  grains) 

PULVIS  RHEI  COMPOSITUS— Compound  Powder  of  Rhubarb 

(Pulv.  Rhei  Co.) 

Condensed  Recipe. 

Triturate  25  Gm.  powdered  rhubarb  with  10  Gm.  powdered  Jamaica  ginger,  then 
add  65  Gm.  magnesium  oxide,  mix  by  trituration  and  then  sift.  For  details  see 
U.S.P.,  p.  347. 

Remarks. — Compound  powder  of  rhubarb  or  rhubarb  and  magnesia 
is  yellow  when  first  prepared,  but  turns  pink  on  standing,  due  to  the  action 
of  alkaline  magnesia  on  the  resins  found  in  rhubarb.  The  pharmacopceial 
monograph  includes  the  microscopy  of  the  powder. 

Dose. — 2  grammes  (30  grains). 

Pulvis  Morphinse  Compositus  (U.S.P.  VIII)  or  Tully's  powderj  was  made  by 
triturating  1.5  Gm.  of  morphine  sulphate,  with  33.5  Gm.  of  precipitated  calcium 
carbonate;  then  with  32  Gm.  of  camphor  previously  pulverized  by  use  of  alcohol; 
and  lastly  with  33  Gm.  of  powdered  glycyrrhiza.  It  enjoyed  considerable  popularity 
in  New  England,  but  under  presentnday  narcotic  legislation,  its  use  is  discouraged. 

Dose. — 500  milUgrammes  (8  grains). 
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DOSES  OF  OFFICIAL  POWDERS 

500  miljigrammes  (8  grains) Powder  of  ipecac,  and  opium. 

1  gramme  (15  grains)  Aromatic  powder. 

2  grammes  (30  grains) Powders  of  chalk  compound,  'jalap  compound, 

rhubarb  compound. 

4  grammes  (60  grains) Powder  of  glycsrrrhiza  compound. 

One  set  of  two  powders Compound  effervescing  powder. 

POWDERS  OF  THE  NATIONAL  FORHULART 


Latin  name 


English  name  or 
synonym 


Ingredients 

(figures  show  amount  used  in  100 

grammes) 


Remarks 


Pulvis       acetanilidi 
eompositus. 


Pulvis  aloes  et  can- 
nelbs. 

Pulvis  antimonialis. 


Pulvis  antiseptious. 


Pulvis     aromaticus 
rubifaciens. 


Pulvis    Crete    aro- 
.  matious. 

Pulvis     cretfiB     aro- 
maticus et  opii. 


Pulvis  gambir  eom- 
positus. 


Pulvis  hydrargyri 
chloridi  mitis  et 
jalapas. 


Pulvis  kino  et    opii 
eompositus. 

Pulvis  myricsB  eom- 
positus. 

Pulvii     pancreatini 
eompositus. 


Compound     ace- 
tanuid  powder. 


Hiera  picra. 


James'  powder. 


Soluble    antisep- 
tic powder. 


Rubefacient  spice 
powder. 


Aromatic  pow- 
der of  chalk. 

Aromatic  powder 
of  chalk  and  op- 
ium. 

[Pulvis  eatechu 
eompositus, 

N.  F.  in.i 


Calomel 
Jalap. 


and 


Acetanilid,  70  Gm.;  caffeine;  sodium 
bicarbonate. 


Aloes,  80  Gm.;  canella,  20  Gm. 


Antimony  oxide,  33  Gm.;  precipitated 
calcium  phosphate. 

Salicylic  acid;  phenol,  1  Gm.;  euoalsrp- 
tol;  menthol;  thjrmol;  sine  sulphate, 
125  Gm.;  boiic  acid. 

Clove;  Saigon  cinnamon;  ginger;  cap- 
sicum. 


•Saigon    cinnamon;    myristica;    clove; 
cardamom  seed;  prepared  chalk;  sugar. 

Powdered    opium,  2.5  Gm.;  aromatic 
powder  of  cnalk. 


Gambir;  kino;  krameria;   Saigon   cin- 
namon; myristica. 


Mild    mercurous    chloride;    34    Gm.; 
jalap. 


[Pulvis  kino  com-    Kino;  powdered  opium,  5  Gm.;  Saigon 
positus  N.F.III.]      cinnamon. 


Composition 
powder. 

Peptonizing  pow- 
der. 


Pulvis  rhei  et  mag-    Compound  anise 


nesue  anisatus. 


Pulvis  talci  eompos- 
itus. 


powder. 


Boro-ealioylated 
powder  of  talc. 


Bayberry     bark;     ginger;     capsicum; 
clove. 

Pancreatin,  20  Gm.;  sodium  bicarbon- 
ate. 


Rhubarb,  35  Gm.;  heavv  magnesium 
oxide;  anethol.  Alcohol  to  facilitate 
admixture. 

Salicylic  and  boric  acids;  talc. 


See  p.  607.     Dose. — 
300  milligrammes 
(5  grains) . 

Dote. — 300  milli- 
grammes (5  grains). 

DoM.~200  milU- 
grammes  (3  grains). 


Moistened  w  i  tH^ 
warm  diluted  alco- 
hol or  vinegar,  it 
gives  a  9pice  poul- 
tice. 

Do9e. — 2  grammes 
(30  grains). 

Do9e. — 1  gramme 
(15  grains). 


DoM. — 1.3 
(20  grains). 


gramma 


Dote. — 650         milli- 
grammes (10  grains) . 


Doee. — 1  gramme  (15 
grains'). 

Dose. — 1  gramme  (15 
grains). 

One  and  one-half 
grammes  is  capable 
of  peptomsing  600 
mils  of  fresh  milk. 

Dose. — -(for  infants\ 
300  milligrammes  (5 
grains). 

The  popular  borated 
talcum. 


SPECIES 

This  represents  a  mixture  of  drugs,  usually  of  vegetable  ori^,  dispensed  either 
in  coarse  powder  or  in  a  more  or  less  roughly  comminuted  form.  There  is  no  pharma- 
copoeia representative  of  this  class,  but  the  following  are  included  in  the  National 
Formulary. 

Species  EmoUientes  or  Emollient  Cataplasm,  consisting  of  althsa  leaves;  mallow 
leaves;  melilot,  matricaria  and  linseed. 

Species  Laxativs  or  SL  Germain  Tea,  consisting  of  senna,  elder  flowers;  fennel; 
anise;  and  potassium  bitartrate. 

Species  Pectorales  or  Breast  Tea,  consisting  of  althsea;  coltsfoot;  Russian  glycyr- 
rhiza;  anise;  mullein  flowers;  orris  root. 
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TRITURATIONS 

Triturations  were  suggested  by  similar  preparations  used  in  homeo- 
athic  practice.  The  pharmacopoeia  gives  a  general  formula  calling  for 
0  per  cent,  of  the  medicinal  substance  and  90  per  cent,  o'f  sugar  of  milk, 
liere  is  only  one  official  triturate  in  which  th^  medicating  substance  is 
pecifically  mentioned,  namely,  Triturate  of  Elaterin. 

TRITXJRATIONES— Triturations 

ledpe. 

Unless  otherwise  directed,  Triturations  are  to  be  prepared  according  to  the  fol- 
owing  formula : 

Zecipe. 

The  Snbstancei  ten  grammes 10  Gm. 

Sugar  of  Milk,  in  moderately  fine  powder,  ninety  grammes 90  Gm. 

To  make  an^  hundred  grammes 100  Gm. 

Weigh  the  Substance  and  the  Sugar  of  Milk  separately :  then  place  the  Substance, 
pfreviouuy  reduced,  if  necessaiy,  to  a  moderately  nne  powder,  in  a  mortar;  add  about 
in  equal  measure  of  Sugar  of  Milk,  mix  well  by  means  of  a  spatula,  and  triturate  the 
powders  thoroughly  together.^  Then  add  fresh  portions  of  the  Sugar  of  Milk,  from 
fcime  to  time,  until  the  whole  is  added,  and  continue  the  trituration  after  each  addi- 
tion untQ  the  Substance  is  intimately  mixed  with  the  Sugar  of  Milk  and  reduced  to 
a  fine  powder. 

Remarks. — Note  that  the  sugar  of  milk  must  be  added  little  by  little. 

TRTTURATIO  ELATERINI— Trituration  of  Elaterin 

(Trit.  Elaterin.) 

Redpe. 

Elaterin.  ten  grammes 10  Gm. 

Sugar  of  Milk,  in  moderately  fine  powder,  ninety  grammes 90  Gm. 

To  make  one  hundred  grammes 100  Gm. 

Mix  them  thoroughly  by  trituration. 

Dose, — ^30  milligrammes  (J^  grain). 

Homeopathic  triturates  are  grouped  into  the  classes  '*x"  or  dilutions  one  in  10* 
"c"  or  dilutions  one  in  100;  and  ''m''  or  dilutions  one  in  1000.  A  dilution  "2x** 
or  "xx"  is  prepared  by  triturating  one  part  of  the  drug  with  9  parts  of  the  diluent 
(making  an  "x''  triturate)  and  then  tnturating  one  part  of  this  '^x^'  triturate  with 
nine  parts  of  diluent.  Ordinary'  mortals  would  consider  this  **  2x  "  trituratio;i  clearly 
a  1  per  cent,  preparation,  the  same  as  a  '^c''  dilution,  which  is  also  certainly  a  1  per 
cent,  trituration^  but  homeopaths  insist  that  the  dinerins  manipulation  makes  the 
two  products  quite  di£Ferent.  In  passing  it  might  be  said  that  homeopathic  tinctures 
"x"  and  "c"  are  prepared  on  a  similar  theory. 

OLEO-SACCHARA 

This  is  a  class  of  unofficial  preparations  which,  as  suggested  by  the  name,  "oleum" 
and  "saccharum,"  represents  a  sugar  which  has  been  flavored  with  some  aromatic  oil. 
Such  oleo-sacchara  or  ailrsugars  are  quite  popular  in  Germanv,  where  they  are  used 
as  ^^ents  in  the  preparing  of  many  powders.  They  are  made  by  placing  the  sugar 
in  a  mortar,  adding  the  volatile  oil,  and  triturating  until  the  oil  is  thoroughly  divided 
bv  the  sugar.  The  National  Formulary  gives  a  general  formula  for  the  manufacture 
of  them,  directing  that  they  be  made  by  triturating  2  mils  of  the  prescribed  volatile 
oil  with  100  grammes  of  powdered  sugar.  Those  mostly  prescribed  are  the  oil-sugar 
of  anise,  of  fennel,  and  of  peppermint. 

ADMINISTRATION  OF  POWDERS 

A.  medicated  powder  is  usually  administered  by  placing  the  proper 
dose,  if  small,  on  the  tongue,  and  then  swallowing  same  in  a  draft  of  water. 
In  cases  of  intensely  bitter  substances,  such  administration  is  scarcely 
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short  of  inhuman,  hence  efforts  have  been  made  to  prevent  the  bitter 
substance  from  coming  into  contact  with  the  palate  by  enveloping  the 
drug  in  a  tasteless  inert  tissue.  Such  is  the  origin  of  the  now  widely 
popular  cachets  and  capsules.  

CACHETS 

The  original  cachets  were  wafers  made  of  flour,  identical  with  the 
consecrated  bread  used  in  the  sacramental  service  of  the  Roman  Catholic 
Church. 

These  wafer  papers  were  made  of  pure  flour  paste,  rolled  between 
hot  greased  roUers,  thus  driving  out  the  moisture  and  leaving  the  paste  in 
a  thin,  translucent  sheet.  Such  wafer  papers  are  put  on  the  market  in 
either  round  or  square  forms,  and  in  dispensing  powders  in  such  wafers 
the  wafer  ia  placed  in  the  bowl  of  a  tablespoon  which  has  been  previously 
moistened  with  about  a  half  teaspoonful  of  water.     After  the  wafer  has 


been  jn  the  spoon  for  about  a  minute,  the  outer  surface  will  become  uni- 
formly moistened,  and  into  the  interior  of  the  wafer  is  then  placed  the 
powder,  the  wafer  edges  folded  over  while  still  in  the  spoon,  thus  making 
a  three-cornered  or  nearly  round  package.  The  folded  wafer  is  then 
quickly  immersed  in  the  water,  placed  in  the  mouth,  and  swallowed  by 
aid  of  a  draft  of  water. 

As  can  be  imagined,  the  administration  of  powders  in  wafer  papers 
is  exceedingly  crude,  and  it  was  not  long  before  attempts  were  mode  to 
use  the  same  principle  in  a  more  elegant  way.  This  was  accomplished 
by  Limousin,  who  introduced  wafers  in  the  form  of  concave  halves,  each 
half  being  provided  with  a  flange,  which  can  be  moistened  and  pressed 
to  the  other  half,  thus  securing  adhesion.  (See  Fig.  188.)  The  powder 
is  placed  on  one-half  and  the  other  half  moistened  with  water  along  its 
flange,  placed  on  the  half  containing  the  powder,  and  in  this  way  a  tightly 
sealed  elUptic  disk,  containing  powder  on  the  interior,  is  obtained.     Lim- 
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>uan  introduced,  along  with  this  cachet,  elaborate  machinery  for  the 
baling  of  same,  and  such  a  mode  for  the  administration  of  powders  is 
Kipular  in  £urop>ean  countries. 

Conseals  are  a  very  slight  variation  of  the  original  Limousin  wafer, 
.he  shape  of  them  being  the  same,  but  the  filhng  apparatus  is  simpler. 
The  appended  sketches  fully  explain  the  various  portions  of  the  sealing 
ipparatus,  bo  extended  comment  is  unnecessary  (Fig.  189). 


Capsules  are  hemispheric  or  ovoid  shells  of  gelatin,  and  are  used  for 
the  adminiatration  of  powders,  masses,  or  liquids.     According  to  the 


quantity  of  glycerin  contained  in  a  capsule  mass,  the  capsules  are  hard 
or  soft.  Hard  capsules  usually  have  been  the  form  shown  in  the  appended 
figures,  and  consist  of  a  shell  and  a  cover  (cap)  {a  and  5  in  Fig.  190). 
Soft  capsules  are  generally  shaped  like  a  flask,  as  shown  in  Fig.  191,  and 


these  are  sealed  with  a  cap  by  dropping  a  bit  of  melted  capsule  mass  on 
the  orifice.  The  capsules  are  manufactured  by  dipping  the  appropriate 
mold  mto  the  mass,  made  by  dissolving  gelatin  in  a  mixture  of  hot  water 
and  glycerin  in  such  proportions  that  the  mass  is  fluid  when  heated  on 
the  water-bath  and  sohd  when  cold.  Into  the  melted  mass  the  appropri- 
ate mold,  made  of  bone  or  ivory,  is  dipped  (Fig.  192),  with  the  result  of 
coating  each  mold  with  a  layer  of  gelatin.  When  the  molds  are  taken 
from  the  molten  mass  and  placed  in  a  cool  place,  they  rapidly  solidify, 
and  the  solid  dry  capsules  are  stripped  from  the  molds  by  girls,  who  pull 
them  off  with  their  fingers. 

The  first  capsulea  were  prepared  by  Mothea  in  1833,  while  the  two-piece  sheU 
Mpiul«  now  so  lu^y  used  was  patented  by  Murdochtin  1848. 
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Soft  capsules  are  not  used  to  the  extent  that  they  should  be  by  the 
retail  pharmacist.  They  are  usually  employed  for  the  administration 
of  liquids,  and  can  be  secured  of  sizes  ranging,  in  capacity,  from  one  flui* 
drachm  to  a  half  fluidounce.  The  form  of  soft  capsule  particularly  adapted 
for  dispensing  by  the  pharmacist  is  that  made  by  the  Merz  Capsule  Co., 
the  firm  having  also  devised  an  ingenious  filler,  shown  in  Fig.  193. 

Hard  capsules  have  become  a  necessity  in  every  drug-store,  and,  in 
fact,  in  almost  every  household.  A  typical  recipe  for  the  material  from 
which  they  are  made  calls  for  gelatin,  8  parts;  sugar,  8  parts;  acacia,  1 
part;  and  water,  8  parts.  They  range  in  size  from  the  capacity  of  0.12 
mil  (No.  5)  to  0.9  mil  (No.  00) ;  the  weight  of  the  medicine  they  contain, 
of  course,  depending  on  the  specific  gravity  of  the  substance,  and  in  case 
of  a  powder,  on  the  degree  of  packing.     A  table  of  the  average  capacity 

of  such  capsules  for  well-known 
soUds  is  found  on  the  boxes  of 
the  best  known  brands  of  cap- 
sules. 

Such  hard  capsules  can  be 
used  for  the  administration  of 
Uquids  almost  as  well  as  can 
soft  capsides,  it  being  scarcely 
necessary  to  state  that  boti^ 
hard  and  soft  capsules  can  be 
used  for  holding  only  those 
liquids  which  will  (not  dissolve 
gelatin.  Hence  the  dispensing 
of  Uquids  in  capsules  is  limited 
largely  to  fixed  and  volatile  oils. 
In  dispensing  oils  in  hard 
capsules,  the  oil  is  introduced 
into  the  capsule  by  means  of  a 
dropper  or,  better,  from  a  bur- 
ette; the  capsule  is  then  sealed  by  moistening  sufficiently  to  cause  the 
cap  to  adhere  to  the  shell,  making  a  Uquid-tight  joint. 

Two  ways  of  sealing  capsules  have  been  suggested,  the  first  by  moist- 
ening the  upper  edge  of  each  filled  shell  with  water  by  means  of  a  deUcate 
camel's-hair  pencil  which  is  fastened  to  the  Uttle  finger  by  means  of  a 
wire.  This  process  is  by  no  means  so  satisfactory  as  the  one  devised  by 
L.  C.  Hopp,  which  consists  of  placing  the  caps  with  the  open  end  down  on 
a  flat  dish  or  tin  box-cover,  into  which  a  minute  quantity  of  diluted 
alcohol  is  poured.  After  letting  the  caps  remain  in  the  diluted  alcohol 
for  a  minute  or  two  they  will  have  absorbed  just  enough  water  to  make 
them  adhere  and  yet  not  enough  to  make  them  soft.  After  the  caps  are 
fitted  into  the  shells,  all  that  is  necessary  is  to  rotate  that  portion  of  the 
capsule  where  the  seal  has  been  made  between  the  fingers  for  a  few  sec- 
onds. Such  finished  hard  capsules,  containing  oils,  shoidd,  however, 
before  dispensing,  be  placed  on  a  filter-paper  to  see  if  there  is  any 
leak.    Those  that  leak  should,  of  course,  be  rejected. 

In  dispensing  soUd  drugs  in  capsules  recourse  was  formerly  had  to 
the  working  of  the  solid  into  a  pill  mass,  dividing  the  mass  into  pieces, 
as  in  making  pills,  rolling  these  pieces  into  cylinders,  and  inserting  the 
same  into  the  capsules.  Such  method  of  dispensing  solids  is,  however,  no 
longer  considered  good  form,  and  the  pharmacist  should  always  dispense 
capsules  containing  the  drugs  in  powder  unless  otherwise  directed  by  the 


Fig.  193. — Men  capsule  filler. 
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physician,  or,  which  means  the  same  thing,  unless  the  physician  prescribes 
some  semisolid  or  Uquid  along  with  the  powdered  drug. 

Capsules  afford  a  means  for  dispensing  powders  in  the  most  readily 


soluble  form,  and  such  capsules  containing  the  powders  are  much  better 
than  any  class  of  pills  yet  devised,  not  even  excepting  the  much  vaunted 
friable  pills.    Such  capsules  contain  nothing  but  the  powders  surrounded 


— Ihric  npHile  GllBr. 


by  a  gelatin  shell,  and  the  moment  they  enter  the  stomach  the  gelatin 
dissolves,  thus  throwing  the  powders  into  the  stomach  in  absorbable 
form.    It,  therefore,  behooves  the  progressive  pharmacist  to  emphasize 


Fif.  199, — ReminctoD  i 


to  phyucians  his  ability  to  dispense  such  capsules  and  to  add  the  fact 
that  this  form  of  administration  of  drugs  is  superior  to  any  form  of  ready- 
made  pill. 
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ria.  197  — Th«  EMtnwn  ospnle  glkc. 


Fla.  lax.— Lueoe  oupnile  GUv. 


Fit.  im.— LuhO  capmils  filler. 
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The  filling  of  capsules  with  powders  can  be  accomplished  by  placing 
the  mixture  of  powders  on  a  clean  sheet  of  paper  and  pressing  the  shell 
into  the  mixture  of  the  powders,  when  it  will  gradually  fill  by  gentle 
pressure.  In  order  to  obtain  the  exact  amount  of  powder  directed  for 
each  dose,  each  filled  capsule  should  be  weighed,  and  this  is  an  easy  mat- 
ter by  having  on  one  scale  the  weight  plus  the  empty  capsule,  and  throw- 
ing the  filled  capsule  on  the  other  pan.  If  the  exact  quantity  is  not  in, 
a  Uttle  more  pressure  will  bring  the  sufficient  weight,  and  in  case  of  an 
excess,  a  slight  tapping  of  the  inverted  capsule  will  throw  out  the  surplus. 
The  filled  capsule  must  be  carefully  cleaned  from  adhering  drug.  This 
can  be  done  by  wiping  each  capsule  with  a  clean  dry  cloth  or,  better,  by 
use  of  the  Remington  capsule  cleaner  (Fig.  194). 

There  have  been  a  large  number  of  special  apparatus  for  capsule  filling 
placed  on  the  market.     Of  these,  but  two  forms  can  here  be  taken  up. 

The  Ihrig  capsule  filler  is  shown  in  Fig.  195.  It  consists  of  a  metal 
base  with  a  movable  plate,  having  perforations  to  hold  the  various  sized 
capsules,  which  can  be  raised  out  of  the  perforations,  in  this  case  by  means 
of  a  thumb-screw.  The  perforations  on  the  plate  are  arranged  to  fill  the 
five  sizes  of  capsules,  each  set  of  the  diflferent  sizes  of  the  perforations 
being  arranged  in  the  portion  of  the  plate  by  itself.  When  the  ap- 
paratus is  used,  the  shell  of  the  capsule  should  be  on  a  perfect  level 
with  the  top  of  the  plate,  or  a  trifle  below  the  surface.  When  the 
requisite  amount  of  capsules  have  been  placed  in  the  plate,  the  powder 
is  poured  on  that  part  of  the  plate  and  gradually  forced  into  the  shell  of 
the  capsule  by  the  use  of  a  spatula,  the  last  portion  of  the  work  being 
aided  by  a  punch  which  fits  into  three  capsules  at  one  time.  When 
all  the  capsules  have  been  filled,  the  thumb-screw  is  turned  so  that  the 
plate  is  lowered  against  the  pegs  that  project  from  the  base,  the  plugd 
then  pass  into  the  perforations  of  the  plate,  thus  pushing  the  shells  above 
the  surface  of  the  plate.  A  cap  is  then  placed  on  each  shell,  and  the  sealed 
capsule  removed  from  the  plate. 

Among  the  later  types  of  capsule  fillers  we  find  the  Remington  (Fig. 
196)  the  Eastman  (Fig.  197),  and  the  Lascoff  machines  (Figs.  198  and  199) . 
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CHAPTER  XIX 

MASSES,  CONFECTIONS,  AND  PILLS 

MASSES 

Masses  are  combinations  of  medicines  worked  up  with  enough  liquid 
to  make  solids  of  suflScient  plasticity  to  roll  into  pills. 

The  manufacture  of  the  official  masses  is  a  matter  of  little  difficulty, 
as  in  each  recipe  the  quantity  of  liquid  prescribed  is  sufficient  to  make 
a  mass  of  the  required  plasticity.  The  manufacture  of  dry  powders  into 
pill  masses  is  a  matter  requiring  skill,  and  will  be  fully  dealt  with  when 
considering  pills. 

There  are  but  two  masses  recognized  by  the  pharmacopoeia,  one  of 
them  is  a  chemical  preparation  (mass  of  ferrous  carbonate),  the  other, 
a  galenic  (mass  of  mercury).  Mass  of  copaiba  wiEts  recognized  in  the 
pharmacopoeia  of  1890,  but  was  dropped  at  the  ei^th  revision. 

■ 

SPECIAL  NOTES  ON  OFFICIAL  MASSES 

MASSA  FERRI  CARBONATIS— Mass  of  Ferrous  Carbonate 

This  preparation,  commonly  called  VcMet^s  rruMS,  can  best  be  studied 
among  the  preparations  of  iron  in  Part  III. 

MASSA  HYDRARGYRI— Mass  of  Mercury 

Recipe  and  details  of  manufacture  will  be  foimd  in  Part  VII. 

Remarks. — Mass  of  mercury  is  the  well-known  "blue  mass,''  and  its 
manufacture  by  l^and  is  a  matter  demanding  skill  and  labor.  The 
tendency  of  the  mercury  to  run  together  and  to  form  globules  is  well 
known,  and  in  making  the  mass  we  aim  to  break  the  mercury  into  globules 
so  small  that  they  are  not  even  visible  under  the  glass  magnifying  ten 
diameters.  These  minute  globules  are  coated  with  something  that  will 
prevent  them  from  running  together,  and  this  process  of  division,  called 
"extinguishing,"  is  accomplished  in  the  mass  by  triturating  the  mercury 
with  oleate  of  mercury  and  honey  of  rose,  and  then  adding  glycerin, 
glycyrrhiza,  and  althsea.  Note  that  the  present  pharmacopoeia  provides 
an  assay  of  the  mercury  content  of  this  mass.     (See  Part  V.) 

Dose. — 250  milligrammes  (4  grains). 

Massa  Copaibae  (U.S.?.  1890;  N.F.  IV).  Mass  of  Copaiba.— This  former  official 
is  interesting  oecause  94  parts  of  the  liquid,  copaiba,  are  directed  to  be  solidified  by 
trituration  with  6  parts  of  magnesia;  this  solidincation  being  due  to  tne  formation  of 
the  magnesium  salt  of  copaivic  acid  found  in  the  oleoresin.     (See  p.  774.) 

Every  specimen  of  copaiba,  however,  does  not  solidify  on  treatment  with  magnesia, 
nor  is  it  fair  to  claim  that  such  copaiba  is  not  up  to  pharmacopoeial  requirements. 
The  copaibas  of  commerce  are  divided  into  two  groups — ^the  ordinaiv  and  the  solidifi- 
able;  and  in  preparing  the  mass  of  copaiba  the  latter  should  be  usea  exclusively. 

It  is  claimed,  however,  that  much  of  the  solidifiable  copaiba  of  commerce  is  made 
BO  by  addition  of  ordinary  rosin. 

There  are  several  proprietary  articles  on  the  market  under  the  name  of  extract 
of  copaiba  which  closely  resenible  the  official  mass.  They,  however,  are  usually 
solidified  by  trituration  with  the  cheaper  alkali,  lime. 

By  reason  of  the  solidification  of  copaiba  with  magnesia,  that  substance  is  indi- 
cated as  the  excipient  in  making  pills  containing  copaiba. 
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CONFECTIONS 

Confections  are  a  class  of  preparations  in  which  medicinal  substances 
ire  combined  with  saccharine  substances,  like  jellies  or  the  pulp  of  fruits. 
[!!onfections  are  also  called  conserves  and  electuarieSf  the  word  confection 
)eing  derived  from  the  Latin  "conficto,'*  meaning  to  make  up.  In  the 
laj's  of  ancient  pharmacy  confections  were  a  favorite  mode  of  adminis- 
tration of  medicines,  since  nearly  all  medicines  then  administered  were 
oauseous  and  disgusting,  and  in  order  to  render  them  more  palatable, 
attempts  were  made  to  cover  the  impleasant  features  by  combining  them 
with  sweet  substances. 

In  ancient  times  a  large  number  of  confections  were  used,  a  famous 
one  of  which  was  the  canfecHan  of  Damocratis,  which  contained  from  50 
to  100  ingredients. 

The  long  Jine  of  confections  of  the  olden  days  have  so  fallen  into  dis- 
use, that  at  the  last  revision  of  the  pharmacopoeia  the  two  surviving 
representatives  of  this  class,  confection  of  rose  and  confection  of  senna 
were  deleted,  being  relegated  to  the  National  Formulary. 

Conf  ectio  Rosa  (XJ.S.P.  VIII;  N.F.  IV)  is  prepared  by  making  a  mass  from  red  rose, 
sugar,  clarified  honey  and  stronger  rose  water.  It  has  no  medicinal  value  but  is  a 
pleasant  pill  excipient. 

Conf  ectio  Semue  (TJ.S.P.  VIII;  N.F.  IV)  is  made  by  digesting  cassia  fistula,  tama* 
rind,  prone  and  fig  with  water,  rubbing  the  pulpy  mass  first  through  a  sieve  and  then 
through  muslin,  addins  susar  to  the  pulp  thus  strained  after  which  it  is  evaporated 
to  a  definite  weight.  To  this  mass-like  product,  powdered  senna  (10  per  cent.)  and 
oil  of  coriander  are  added. 

Confection  of  senna  is  an  admirable  preparation  furnishing  an  efficient  laxative 
in  a  palatable  form.  A  large  number  of  preparations  of  similar  composition  have 
been  put  on  the  market  as  patent  medicines,  the  semisolid  mass  bemg  broken  in 
pieces  and  eaten  when  requu-ed. 

The  best  known  of  this  class  of  patents  is  Tamar  Tndienne.  Of  late  years  even 
the  proprietary  articles  have  fallen  into  disuse,  while  the  official  confection  of  senna 
is  rarely  prescribed  by  physicians. 

Dote,-— 4  Gm.  (60  grains). 


Pills  are  spheric,  globidar,  or  lenticular  masses,  each  containing  a 
definite  dose  of  medicinal  substances,  administered  by  swallowing  whole. 

The  manufacture  of  pills,  while  formerly  one  of  the  most  important 
branches  of  pharmacy,  is  becoming  a  lost  art,  due  to  the  introduction 
of  machinery  which  can  perform  the  work  with  much  greater  expedition; 
but  ance  extemporaneously  prepared  pills  are  usually  better  than  the 
nianufactured  ones,  by  reason  of  the  greater  solubility,  it  is  important 
that  all  the  details  of  their  preparations  be  fully  imderstood. 

The  manufacture  of  pills  by  hand  can  be  roughly  divided  into  three 
P&rts:  first,  making  the  mass;  second,  dividing  the  mass;  third,  rolling 
the  pills. 

Makiiig  the  Mass. — In  performing  this  operation  the  medicinal  in- 
Rredients  are,  after  careful  trituration  imtil  uniform  subdivision  is  ob- 
tained, worked  into  that  plastic  semisolid  form  known  as  a  mass.  This 
Baass  should  possess  four  requirements  if  it  be  ideal:  first,  it  should  be 
sufficiently  adhesive  that  it  can  be  rolled  without  falling  to  pieces;  second, 
it  should  be  firm  enough  to  retain  its  shape  when  rolled,  and  yet  not  so 
soft  that  the  finished  pills  are  flattened  during  drjring;  third,  it  should 
he  'plastic  enough  to  be  easily  rolled — ^that  is,  not  so  hard  as  to  make  the 
ro%g  a  matter  of  considerable  labor;  fourth,  and  most  import^t  of  all, 
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the  pill  mass  should  be  soluble;  that  is,  on  being  introduced  into  the  stom- 
ach it  shoidd  disintegrate  within  a  reasonable  time. 

In  making  a  pill  mass  we  usually  have  recourse  to  the  excipient,  and 
this  excipient  is  diflferent  from  what  we  usually  and  narrowly  conceive 
it  to  be.  Ordinarily,  we  consider  it  as  a  sticky  mass  with  which  we 
"paste"  up  a  solid  into  pill  form.  In  the  broad  sense,  however,  the  term 
applies  with  equal  force  to  those  substances  with  which  we  solidify  liquids 
into  pill  form — ^like  the  magnesia  used  to  solidify  copaiba. 

Among  the  excipients  used  in  making  pharmaceutic  pills  are  vxUer, 
sulphuric  acid,  syrup,  syrup  of  acacia,  rnucilage  of  acacia,  glycerin,,  glucose, 
honey,  glycerite  of  tragacaiiih,  extract  of  gentian,  hreadrcrurnbs,  soap,  resin 
cerate,  petroleum  mass. 

Water  is  used  for  making  pills  only  when  the  pill  mass  contains  some 
ingredient,  which,  when  moistened,  forms  an  excipient.  Thus,  if  the 
mixed  powder  contains  gummy  substances,  say,  acacia  or  soap,  the  addi- 
tion of  a  few  drops  of  water  and  working  up  of  the  mixture  will  result  in 
a  pliable  mass.  In  such  cases,  however,  the  action  is  the  same  as  if 
mucilage  of  acacia  or  soap  and  water  were  used. 

Sulphuric  add,  either  concentrated  or  in  the  form  of  aromatic  sul- 
phuric acid,  is  sometimes  used  as  an  excipient  in  the  manufacture  of  pills 
of  quinine  sulphate.  When  the  acid  is  added  to  this  chemical  it  forms 
a  soft  and  comparatively  plastic  mass  of  quinine  bisulphate,  which  can 
be  divided  into  pills  if  the  mass  is  worked  rapidly.  Such  method  of  dis- 
pensing quinine  sulphate  was  very  largely  employed  in  the  South  in 
previous  years,  but  is  now  falling  into  disuse. 

Syrup  is  used  for  certain  forms  of  pills,  but  is  scarcely  efficient  unless 
there  is  present  in  the  mixed  powder  some  gummy  substance. 

Syrup  of  acacia  would  be  an  excellent  excipient  were  it  not  for  the 
fact  that  the  finished  product,  when  dry,  is  usually  so  hard  as  seriously 
to  impair  its  solubility. 

Mucilage  of  acacia  has  the  same  advantages  and  disadvantages  of 
syrup  of  acacia. 

Glycerin  is  rather  extensively  used  in  making  the  pills  of  the  alkaloids, 
such  as  quinine  sulphate.  It  has  never  been  foimd  satisfactory  in  the 
hands  of  the  writer  by  reason  of  its  lack  of  adhesiveness.  One  advantage 
of  glycerin  as  an  excipient  is  that  its  hygroscopic  character  keeps  the 
pUl  soft  and  thus  soluble  for  quite  a  while. 

Glucose  is  very  largely  used  as  an  excipient,  being  both  adhesive  and 
plastic. 

Honey  is  sometimes  used,  but  it  has  no  advantage  over  glucose,  of 
which  it  largely  consists,  and  possesses  the  very  decided  disadvantage 
of  imparting  to  the  mass  a  slightly  brownish  tint. 

Glycerite  of  tragacanth,  consisting  of  three  drachms  of  powdered  traga- 
canth,  three  fluidounces  of  glycerin,  and  one-half  fluidounce  of  water, 
has  always  been  the  writer's  favorite  excipient,  it  yielding  a  mass  both 
plastic  and  adhesive  and  firm.  Similar  results  can  be  gained  by  the  use 
of  the  official  glycerite  of  starch. 

Extract  of  gentian  is  frequently  prescribed  as  an  excipient  and  is  valu- 
able in  tonic  pills.  It  should,  however,  never  be  used  as  an  excipient 
unless  so  directed  by  the  physician.  In  the  first  place,  gentian  has  marked 
medicinal  properties,  and  the  pharmacist  should  never  add  to  a  prescrip- 
tion any  medicine  other  than  that  directed  in  the  recipe.  Another  point 
is  that  it  possesses  a  brownish  tint,  and  in  making  pills  of  colorless  sub* 
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stances  the  mass  will  be  discolored,  a  defect  that  the  careful  pharmacist 
will  never  permit. 

Bread-crumb  is  used  for  holding  liquids,  such  as  volatile  oils,  in  the 
plastic  form.  Thus,  were  pill  of  croton  oil  directed,  the  crumb  of  bread 
would  be  indicated.  Magnesia  is  used  in  a  similar  way  with  the  liquids  on 
which  it  exerts  a  solidifying  action.  Thus,  copaiba  directed  in  pills 
should  be  massed  by  means  of  magnesia  (see  above) ,  and  this  is  also  true 
of  Venice  turpentine. 

Soap  is  used  in  persuading  resinous  substances  to  assume  the  plastic 
form.  Thus,  all  official  pills  containing  aloes  are  made  plastic  and  ad- 
hesive by  the  addition  of  soap.  This  explains  its  presence  in  compound 
extract  of  colocynth;  and  it  might  here  be  stated  that  an  attempt  to 
make  compound  cathartic  pills  with  the  simple  extract  of  colocynth 
instead  of  the  compound  extract  proves  a  failure  by  reason  of  the  absence 
of  soap. 

The  resin  cerate  and  petroleum  mass  are  used  as  excipients  for  pills 
containing  easily  oxidizable  substances,  such  as  potassium  permanganate, 
chromic  acid,  and  silver  oxide.  For  this  purpose  a  petroleum  mass  con- 
sisting of  kaolin,  3  parts;  paraffin,  1  part;  and  vaselin,  3  parts,  can  be  used 
to  advantage. 

The  following  drugs,  frequently  prescribed  in  pill  form,  require  special 
manipulation: 

CreosoUj  or  guaiacol,  or  other  oily  liquids  may  be  massed  by  diluting  with  an 
absorbent  powder  like  glycvrrhiza  or  althsea,  and  massing  with  ordinary-  excipient. 
From  such  pills,  however,  the  oils  gradually  ooze  out,  and  the  best  way  is  to  inclose 
the  mass  in  capsules.  T.  M.  Pratt  found  that  by  rubbing  the  oil  with  acacia,  then 
with  the  diluting  powders,  and  then  with  excipient,  the  oil  is  partiaUy  emulsified  and 
the  "sweating"  is  prevented. 

Heavy  salt«,  like  bismuth  subnitrcde,  calomel,  or  sodium  bicarbonate,  can  be  massed 
with  glycerite  of  tragacanth.  If  desirable,  a  small  quantity  of  powdered  elm  bark 
may  be  added. 

Bismuth  svbnitrate  and  sodium  bicarbonate  when  massed  together  swell  and  dis- 
integrate, due  to  liberation  of  carbon  dioxide.  The  powders  should  be  moistened 
first  with  water  and  let  stand,  imtil  the  reaction  is  over  (one  to  three  hours);  then 
massed  with  glycerite  of  tragacanth. 

Potassium  wdide  can  be  massed  by  adding  to  each  0.20  Gm.  of  the  salt,  starch 
0.04  Gm.;  powdered  acacia,  0.08  Gm.;  calcined  mamesia,  0.10  Gm.;  the  excipient 
used  being  glycerin,  20  parts;  S3mip,  50  parts  and  alcohol,  30  parts. 

The  making  of  a  pill  mass  is  performed  by  thoroughly  blending  the 
powders  by  triturating  in  a  mortar,  adding  the  necessary  quantity  of 
excipient,  and  working  the  mixture  with  a  pestle  imtil  a  plastic  mass 
results.  (For  details  of  the  process  see  Part  VII.)  The  making  of  a 
successful  pill  mass  is  merely  a  matter  of  practice,  and  depends  largely 
on  the  adding  of  the  exact  quantity  of  excipient  when  first  starting  the 
kneading.  This  really  explains  the  psychology  of  the  "favorite  excipi- 
ent," it  being  the  writer's  experience  that  the  druggist  holds  as  firnaly 
to  bis  pet  excipient  as  he  does  to  his  political  creed.  The  reason  for  this 
is  that  the  individual  has  mastered  the  peculiarities  of  this  special  ex- 
cipient, and  such  excipient  is  in  his  case  the  best  thaHie  can  use,  inasmuch 
as  he  has  learned  by  intuition  the  exact  amount  required  for  each  pill 
mass.  Hence,  unless  the  favorite  excipient  possesses  marked  defects, 
such  as  rendering  the  pills  insoluble  or  the  like,  or  bringing  into  the  mass 
a  medicinal  effect  not  expected  by  ph3^icians,  no  attempt  should  be  made 
to  win  a  pharmacist  from  his  favorite  excipient. 

Dividing  the  Mass. — When  the  mass  has  become  sufficiently  worked, 
that  is,  when  the  pressing  of  the  pestle  is  sufficient  to  enable  the  mass  to 
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be  rolled  from  the  side  of  the  mortar,  it  is  then  rolled  into  cylinders  and 
divided  either  on  the  pill  tile  or  by  means  of  the  pill  cutter.  The  details 
of  the  use  of  a  pill  tile,  both  in  working  up  the  mass  and  also  in  dividing 
the  same,  is  fully  described  in  Part  VII,  and  it  is  necessary  here  only  to 
insert  a  picture  of  the  apparatus  (Fig.  200),  which  is  made  of  porcelain, 
with  the  painted  graduations  burnt  in  during  the  process  of  glazing.  In 
rolUng  out  the  pill  mass  into  cylinders  a  spatula  is  used  or,  what  is  prefer- 
able, a  flat  board  shaped  like  a  paddle.  As  mentioned  in  Part  VII,  the 
pill  tile  should  be  carefully  dusted  with  the  appropriate  dusting-powder. 
As  to  pill-cutting  machines,  these  usually  consist  of  brass-bound 
walnut  boards,  holding  at  one  end  a  brass  mold,  which  is  divided  into 
a  definite  number  of  perfectly  uniform  hemispheric  concave  grooves. 
Working  on  this  is  a  cutter,  which  consists  of  a  narrow  piece  of  walnut, 
provided  at  each  end  with  stable  handles,  having  attached  to  one  side 
a  brass  plate  with  hemispheric  grooves,  exactly  fitting  those  on  the  other 
part  of  the  apparatus.  A  set  of  brass  rollers,  worked  on  the  brass  bands 
of  the  sides  of  the  plate,  completes  the  cutter  (Fig.  201).  In  using  such 
a  machine  the  cylinder  is  placed  on  the  wooden  part  of  the  board  and 
rolled  out,  preferably  with  a  wooden  paddle,  rather  than  with  the  back 


Fig.  200.— Pill  tile. 


Fig.  201.— PiU-cuttiiig  machine. 


of  cutter,  to  a  length  including  the  number  of  grooves  representing  the 
number  of  pills  desired.  The  cyUndric  pill  mass  is  then  placed  on  the 
grooves  of  the  machine,  and  the  grooves  of  the  cutters  are  then  brought 
down  upon  it,  thus  dividing  the  cyUnder  into  the  number  of  segments 
desired.  If  the  diameter  of  the  cylinder  exactly  coincides  with  the  diame- 
ter of  the  grooves,  these  segments  can  be  rolled  into  pills  by  a  gentle 
rolling  of  the  two  plates  on  each  other,  and  in  this  way  the  machine  does 
not  merely  cut  the  cylinder,  but  also  rolls  them  into  pills.  Special  pill 
machines  are  on  the  market  in  which  the  grooved  plates  are  removable 
from  the  boards  and  also  from  the  cutter;  and  with  each  machine  goes  a 
series  of  these  plates  coinciding  with  the  average  size  of  pills.  Thus, 
there  is  one  set  of  plates  for  1-grain  pills,  2-grain  pills,  and  3-grain  pills, 
and  one  for  5-grain  pills.  Such  machines,  however,  are  rather  expensive, 
and  in  the  average  pharmacy  the  machine  is  used  for  cutting  rather  than 
for  rolling  the  pills.  In  purchasing  a  machine  the  pharmacist  is  advised  to 
secure  one  with  plates  having  at  least  36  grooves;  the  smaller  machines, 
cutting  only  12  pills,  cost  but  little  less  than  the  wider  ones  and  are  not 
so  useful. 

Rolling  the  Pills. — The  cut  segments,  unless  rolled  in  the  machines, 
are  taken  up  between  the  finger  and  the  thumb  and  rolled  by  means  of 
a  rotating  movement  until  perfectly  spheric.  The  finishing  touches  are 
performed,  especially  when  the  mass  is  hard  and  difficult  to  roll  between 
the  finger  and  the  thumb,  by  placing  the  partially  rolled  pills  on  the  board 
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of  the  pill  machine,  dusting  fairly  liberally  with  the  dusting-powder, 
covering  with  a  wooden  pill  roller  (Fig.  202),  which  is  then  held  firmly 
by  the  hand  and  moved  over  the  board,  either  in  the  form  of  circles  or  in 
figure  eights,  the  friction  between  the  roller  and  the  board  being  sufficient 
to  smooth  the  pills  into  spheric  forms,  providing  the  mass  is  sufficiently 
firm.  If  the  pills  are  soft  the  pressure  exerted  must  be  very  gentle,  and 
it  is  usually  advisable,  in  securing  successfully  rolled  pills,  that  the  depth 
of  the  roller  be  exactly  the  same  as  the  height  of  the  finished  pill.  To 
accomplish  this,  however,  it  would  be  necessary  to  have  a  set  of  rollers  of 
different  depths,  and  this  is  rarely  the  case  in  the  average  pharmacy. 

As  mentioned  in  Part  VII,  both  in  rolling  and  dispensing  the  pills  they 
are  dusted  with  powder,  designed  to  prevent  the  pills  from  sticking  to- 
gether. It  is  considered  good  pharmacy  to  dust 
the  colorless  pills  with  a  white  powder,  such  as  a 
finely  powdered  starch;  while  those  which  are  of  a 
dark  color  are  usually  dusted  with  lycopodium 

powder;  glycyrrhiza  is  used  as  a  dusting-powder,  

especially  in  Germany,  but  is  not  considered  so       Rg.  202.— phi  roller. 
satisfactory  as  lycopodium.     In  dispensing  ready- 
made  coated  pills  no  dusting-powder  should  be  used. 

The  finished  pills  are  usually  dispensed  in  round  boxes,  commercially 
cafled  pill  boxes.  Of  late  years  square,  shouldered  boxes  have  come  into 
use  among  the  better  pharmacies,  and  are  very  satisfactory,  although  the 
increased  cost  over  the  round  pill  boxes  renders  their  use  less  popular 
than  the  latter. 

The  wrapping  of  a  pill  box  has  already  been  described  on  p.  288.  Pills  are  now 
made  on  an  enormous  scale  bv  machinery,  the  finest  type  of  which  is  that  made  by 
Arthur  Colton,  of  Detroit.  The  outfit  consists  of  a  kneading  machine,  which  prepares 
the  mafs;  a  rolling  machine,  in  w^hich  lumps  of  the  mass  are  rolled  into  cylmdera;  a 
cutting  and  finishmg  machine^  which  cuts  the  cylinder  into  the  individual  pills  and 
rolls  them  until  spheric  or  ovoid,  as  desired.     The  pills  are  then  dried  and  coated. 

Friable  pills  are  a  class  introduced  by  Dr.  Upjohn  in  1885,  and  were 
much  vaunted  as  pills  made  without  excipient  and,  therefore,  capable  of 
disintegrating  as  soon  as  the  coating  is  dissolved.  The  process  of  manu- 
facturing these  pills  is  exceedingly  clever,  consisting  of  placing  the  mixed 
powder  containing  the  medicinal  substances  in  a  cylindric  pill-coating 
machine  (see  p.  308),  introducing  therein  a  lot  of  sugar  pellets,  about  J^ 
grain  in  size  and  gradually  spraying  water  therein  as  the  coater  revolves. 
As  these  pellets  are  rolled  in  the  moistened  powder  they  gradually  col- 
lect the  powder  in  a  way  quite  similar  to  making  a  large  snowball  by  roll- 
ing a  small  one  in  damp  snow.  The  rotation  of  the  pills  is  continued 
until  most  of  the  pills  are  of  the  desired  size.  They  are  then  removed 
from  the  machine,  and  are  sifted  through  special  colanders  with  orifices 
of  exactly  the  size  of  the  pill  desired.  Thus,  in  making  quinine  pills  by 
this  method  colanders  are  provided  with  holes  which  have  been  carefully 
determined  as  representing  1-grain,  2-grain,  3-grain,  and  5-grain  pills. 
Placing  the  pills  of  the  various  sizes  into,  say,  the  3-grain  colander,  those 
remaining  on  the  colander  weigh  over  three  grains,  while  those  falling 
through  are  from  1  to  3  grains.  By  placing  those  which  have  fallen 
through  on  a  2-grain  colander,  those  smaller  than  3  grains  pass  through, 
and  at  last  the  desired  size  is  obtained.  The  pills  wWch  are  smaller  than 
any  of  the  required  sizes  are  returned  to  the  machine,  and  rotation  con- 
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tinued  until  broi^ht  up  to  the  weight  desired.    The  finished  pills  are 
rapidly  coated  with  either  sugar  or  gelatin,  and  are  thus  dispensed. 

C.  S.  N.  Hallberg  called  attention  to  the  fact  that  the  friable  pills 
presented  the  same  objection  as  is  made  to  most  of  the  commercial  pills 
— that  is,  in  order  to  obtain  a  pill  the  coating  of  which  will  not  discolor, 
the  rolled  pill  is  first  coated  with  a  layer  of  plaster  of  Paris  and  then  with 
the  proper  coating. 

Coating  of  Pills. — As  mentioned  above,  the  fresh  pills  prepared  by 
the  pharmacist  are  coated  merely  by  dusting  with  some  powder,  say, 
starch  or  lycopodium.     A  century  ago  attempts  were  made  to  present 
the  pill  in  a  more  attractive  appearance  by  use  of  special  and  permanent 
coating;  the  first  material  used  for  this  purpose  was  French  cl^k,  which 
is  a  variety  of  powdered  soap-stone  {silicate  of  mag- 
nesium).    The  coating  of   pills   by   this  process — 
called  pearl  coaiin^ — consists  of  placing  the  finished 
pill  in  a  small  dish  containing  alcoholic  or  ethereal 
solution  of  balsam  of  tolu,  thus  coating  it  with 
enough  of  the  balsam  to  be  thinly  varnished.   While 
this  varnish   is    still    wet    they    are    thrown    into 
French  chalk,  the  mixture  of  pills  and  chalk  placed 
in  a  small  sieve,  and  an  excess  of  powder  removed 
by  sifting.     The  pills  are  then  placed  in  a   hollow 
sphere  (Fig.  203),   the    two  hemispheres  of  which 
were  united  by  means  of  a  screw-joint.     The  pills 
Eig,  203.— Hu  liiverer.    were  rotated  in  this  ball  by  vigorous  agitation,  and 
in  this  way  the  excess   of   chalk   was   thrown   off 
and  that  remaining  wtis  worked   into  a  smooth,  pearly  coating.     The 
process  of  silver  or  gold  coating  pilla  waa  performed  in  a  manner  quite 
similar,  the   pills  were  first  varnished,  as  in   the  pearl  coating,    then 
placed  in  the  hollow  globe,  containing  sheets  of  gold-  or  silver-foii.     By 
rotating  the  pills  the  foil  adheres  to  the  same,  and  by  vigorous  agitation 
of  the  globe  the  coating  became  uniform  and  polished. 

Sugar  coating  was  first  introduced  by  confectioners  for  the  purpose  of 
coating  almonds.  Its  use  in  this  way  was  so  successful  that  there  soon 
arose  a  demand  for  pills  coated  in  the  same  manner,  and  with  this  de- 
mand began  the  industry  of  the  manufacture  of  sugar-coated  pills. 

The  process  of  sugar  coating  pills  is  performed  in  spheric  pans,  con- 
tinuously rotated  by  means  of  a  central  axis  by  means  of  steam  power. 
This  pan  is  usually  of  copper,  and  is  jacketed  so  that  it  can  be  kept  uni- 
formly warm  with  steam.  Within  the  pan  a  quantity  of  syrup,  almost 
ready  to  crystalh^e,  is  placed,  and  when  the  walls  of  the  pan  have  be- 
come smeared  with  the  syrup,  the  rounded,  dried,  uncoated  pills  are 
placed  therein.  As  the  apparatus  rotates,  the  heat  gradually  drives  off 
the  water  from  the  syrup,  with  the  resulting  formation  of  the  layers  of 
sugar  on  the  pilla,  the  process  being  continued  until  each  pill  is  uniformly 
coated  with  a  hard,  white,  sugary  layer.  The  coated  pills  are  then 
taken  from  the  apparatus  and  are  rotated  in  a  similar  apparatus  contain- 
ing paraffin  and  lined  with  rough  canvas,  when  the  friction,  plus  the  wax, 
produces  a  fine  polish. 

As  mentioned  above,  the  great  objection  to  the  sugar-coated  pills  is 
the  fact  that,  in  order  that  the  coating  of  pills  made  of  dark  constituents 
does  not  discolor,  it  is  necessary  to  coat  the  pill  with  a  layer  of  plaster- 
of-Paris,  which  certainly  does  not  increase  the  rapid  solubility  of  the  pill. 
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>f  late,  mantifacturers  have  been  placing  on  the  market  chocolate  and 

ank-coated  pills.     These  are  prepaJed  in  a  manner  similar  to  the  white- 

oated  pills,  with  the  exception  that  in  the  first  case  a  small  amount  of 

hocolate  is  added  to  the  syrup,  while  in  the  case  of  the  pink,  carmine 

oloring  is  added  to  the  syrup. 

The  sugar  coating  of  pills  is  a  process  which  cannot  be  done  by  the 

etail    pharmacist,    the    coating 

tan  requiring    steam  power  and 

iteam  heat.     Several  schemes  of 

land-msde      sugar-coated     pills 

aave  been  suggested,  but  when 

;ried  by  the  writer,   have   never 

nelded   satisfactory  results.     As 

the   pubUc    is     now    demanding 

sugar-coated  pills,  the  art  of  pill- 
making    is  rapidly    falling  into 

disuse. 

Gelatin    coating    of   pills     is 

done  just  as   well  by  the    retail 

phannadst  as  by  the  manufac- 
turer, and  several  varieties  of 
gelatin-coating  apparatus  are  now 
on  the  market  at  moderate  prices. 
Essentially,  the  process  consists 
of  impaling  each  pill  on  a  long 
needle  and  dipping  the  same 
into  a  solution  of  gelatin  of  the 

proper  consistence.     Such  a  solu-       f^-  S04.— p»toh'»  impniTea  isiBtia  [4U-o«ter. 
tion    conosts    of    gelatin,    200; 

macerate  with  cold  water,  200;  then  add  hot  water,  640;  mucilj^, 
300  (acacia,  1(W;  water,  300);  syrup,  400;  glycerin,  60.  Dissolve 
by  gentle  heat    and     then    strain.     The    apparatus    devised    for    the 


Fi(.  aot.— Mftriunl'i  teUti 


purpose  consists  merely  in  carrying  out  this  idea  with  greater  expedition, 
the  needles  being  arranged  in  groups,  which  make  it  convenient  to  handle 
ranadetable  quantities  of  pUls  at  one  time,  and  also  to  dry  them  easily. 
Two  types  of  gelatin-coating  machines  are  shown  in  Figs.  204,  205 — 
the  Patch  machine  and  the  Maynard  machine.  In  the  Patch  machine 
the  i»Il8  are  impaled  on  the  teeth  of  a  comb  (a) ;  the  ingenious  part  of 
the  process  is  the  drying  apparatus,  which  consists  of  a  wheel  holding 
seven  auch  combs,  rotating  by  means  of  a  string  (Fig.  204).  In  the 
Maynard  machine  the  needles  are  grouped  on  a  circular  disk,  correspond- 
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ing  to  the  aeprcctaions  in  a  circular  plate  which  holds  the  pills  while  beinr 
impaled.  The  impaled  pills  are  then  dipped  into  the  gelatin  sotutim 
and  are  dried  by  rapidly  whirling  the  isk  holding  them.  When  ibe 
coating  is  dry,  the  pills  are  loosened  from  the  pins  by  presaii^  dovsa 
special  plate  in  the  twirler  (Fig.  205). 

The  manufacture  of  pills  by  this  process  yields  an  admirable  gelitin 
coating,  which,  however,  has  been  criticized  by  reason  of  the  fact  thai 
they  contain  minute  orifices — the  pinholes.  The  presence  of  this  pin- 
bole  can  in  no  way  interfere  with  the  finished  pill,  and,  if  anything,  wiL 
Etid  in  solubility.  But  this  so-called  defect  has  been  seized  as  an  oppor- 
timity  of  manufacturing  a  pill  in  which  the  pinhole  would  be  avoideii. 
ThiB  is  accomplished  by  means  of  the  Russell  gelatin-coating  machine 


Fis.  20a.— Rumalra  (dntiii  enter. 

In  this  ingenious  apparatus  the  pilla,  instead  of  being  impaled  on  pi^ 
are  held  on  the  end  of  minute  tubes  by  means  of  suction.  As  showD  in 
Fig.  206,  the  apparatus  consists  of  a  hollow  steel  plate,  the  fiat  sides  cf 
which  are  provided  with  a  series  of  minute  tubes.  Suction  la  applied  bi" 
means  of  flexible  tubing  connecting  the  plate  with  an  air-pump,  when  th* 
plate  is  held  over  a  disk  containing  hemispheric  depressions  exactly  cor- 
responding in  number  and  position  to  the  tubes  in  the  plate.  In  each 
depression  is  mechanically  rolled  a  pill,  and  the  moment  the  pl&te  ia 
placed  over  the  pills,  they  are  sucked  to  the  ends  of  the  tubes  and  at 
thus  firmly  held.  The  pill  is  then  dipped  into  the  gelatin  solution,  coaled 
half  way,  turned  upward,  and  allowed  to  dry,  the  stop-cock  at  the  end* 
the  plate  being  closed,  thus  continuing  the  vacuum  in  the  plate  even 
after  the  rubber  tube  connected  with  the  air-pump  has  been  removed. 
The  tubing  is  then  connected  with  another  plate  of  the  same  kind,  aoi) 
another  set  of  pills  are  coated;  and  in  this  way  the  coating  is  continued 
until  a  number  of  such  plates  have  been  filled  with  the  pills  and  M 
coated.  The  plates  containing  half-coated  pills  have,  in  the  mean«bi1^' 
been  placed  on  a  special  apparatus  consisting  of  an  endless  chain  cam«. 
and  have  been  gradually  moving  toward  the  other  end  of  the  frame. 
where  they  are  taken  charge  of  by  the  second  operator,  who  transfer 
the  pills  to  a  second  plate  by  suction  in  such  a  way  that  they  are  grasped 
by  their  coated  ends,  which  are  now  dry.  The  pills  are  then  dipped  i^ 
into  the  gelatin  solution,  and  the  second  half  of  the  coating  thus  com- 
pleted. The  pills  are  then  placed  once  more  on  the  endless  chain  carricf. 
and  by  the  time  they  reach  the  other  end  of  the  frame  they  are  thorougUy 
coated  and  perfectly  dry  (Fig.  206). 
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Enteric  piUa  are  a  special  form  of  pill  which  are  intended  to  pass 
through  the  acid  juices  of  the  stomach  without  dissolving,  to  dissolve  in 
the  alkaline  juices  of  the  small  intestine.  To  accomplish  this  result  it 
is  necessary  to  coat  such  pills  with  a  material  which  dissolves  in  alkalis 
and  not  in  acids,  and  for  this  purpose  keratin  or  salol  is  employed. 
Keratin  is  a  commercial  product  obtained  from  goose-quills,  and  the 
constituent  of  all  horny  matter.  In  using  it  as  a  pill  coating  keratin  is 
dissolved  in  ammoniacal  solution,  in  alcohol,  or  in  glacial  acetic  acid. 
The  pill  mass  must  be  made  with  butter  of  cacao,  or  oil  of  sweet  almond, 
and  must  be  free  from  moisture,  and  then  rotated  in  the  keratin  solution 
imtil  thoroughly  moistened,  taken  out  and  dried,  and  the  coating  repeated 
three  or  four  times.  By  reason  of  the  complexity  of  thus  coating  pills 
with  keratin  it  has  been  suggested  to  coat  with  salol  by  dipping  the  pills 
into  the  melted  chemical.  The  pinhole  in  both  cases  of  coating  must  be 
closed  by  the  addition  of  a  small  quantity  of  coating  material.  Puckner 
has  shown  that  practically  all  commercial  keratins  dissolve  in  the  stom- 
ach hence  are  useless  for  enteric  pill  coating. 

Before  proceeding  to  a  consideration  of  the  of&cial  pills,  attention 
should  be  called  to  the  admirable  monograph  on  pills  found  in  the  present 
edition  of  the  National  Formulary. 


TABLE  OF  OFFICIAL  PILLS 


Process 

Massing  and  roll- 
ing. 
Uncoated. 


ExcipierU 


Oalenic  Preparations  Chemuxd  Preparations 


Ck>ated  pills. 


Water. 

Diluted  alcohol. 
Soap  and  water. 

Tnigacanth,  glycer- 
in, and  water. 

Acacia  and  water. 

Acacia,  glycerin, 
and  water. 


Compound  pills  of 

rhubarb. 
Compound  cathartic 

pills. 
Pills  of  aloes. 
Pills  of  asafetida. 

Pills  of  ferrous  car- 
bonate. 
PiUs     of     ferrous 
Pills  of  phosphorus.        iodide. 


SPECIAL  NOTES  ON  OFFICIAL  PILLS 


PILULiB  ALOES— POls  of  Aloes 


(Py.  Aloes) 

Condensed  Recipe, 

Ingredients, — ^Aloes,  13  Gm.;  powdered  soap,  13  Gm.;  water,  enough. 
Manipulation. — Triturate  the  powders,  mass  with  water  and  divide  ii 

Dose. — Two  pills. 


into  100  pill& 


VUMLM  ASAF(ETIDiE— Pills  of  Asafetida 

(PiL  Asafoet) 

Condensed  Recipe, 

Ingredients, — Asafetida.  20  Gm.;  powdered  soap,  6  Gm.;  water,  enough. 
Afoniptitouw.— Mass  the  solids  with  the  water  and  divide  into  100  puis, 

Do8e, — Two  pills. 
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PILULiB  CATHARTICiB  COMPOSITE— Compound  Cathartic  PiUs 

(PiL  Cathart  Co.) 

Recipe  and  full  details  of  manufacture  of  these  pills  will  be  found  in 
Part  VII. 

Remarks. — These  pills  contain  compoimd  extract  of  colocynth,  mild 
mercurous  chloride  (calomel),  resin  of  jalap,  and  gamboge,  made  into  a 
mass  with  diluted  alcohol. 

Dose. — Two  pills. 

PILULiE  FERRI  CARBONATIS— PiUs  of  Ferrous  Carbonate 

These  pills,  commonly  called  Bland* 8  pills,  depending  for  their  activity 
upon  a  chemical  action,  can  best  be  discussed  among  the  iron  preparations 
in  Part  III. 

VTLJStS  FERRI  lODIDI— Pills  of  Ferrous  Iodide 

These  pills  are  one  of  the  two  official  pills  directed  to  be  coated  with 
balsam  of  tolu  to  prevent  oxidation. 

Since  their  manufacture  depends  on  a  chemical  action,  they  will  be 
discussed  among  the  iron  preparations  in  Part  III. 

PtLULiE  PHOSPHORI— Pills  of  Phosphorus 

(Pil.  Phosphor.) 

Recipe  and  details  of  manipulation  will  be  found  in  Part  VII. 

Remarks, — Each  pill  contains  about  H^po  grain  of  phosphorus,  made 
by  mixing  a  chloroformic  solution  of  phosphorus  with  althaea  and  acacia, 
adding  the  excipient,  glycerin  and  water,  and  rapidly  massing,  cutting, 
and  rolling  into  pills.  The  massing  must  be  done  rapidly,  as  phos- 
phorus long  exposed  to  air  takes  fire  spontaneously.  The  ignition  is  due 
to  the  oxidation  of  phosphorus,  and  to  prevent  this  oxidation  in  the  finished 
pills  the  pharmacopoeia  directs  that  they  be  coated  with  balsam  of  Tolu. 

Dose, — One  pill. 

PILULiE  RHEI  COMPOSITiB^-Compound  Pills  of  Rhubarb 

(PiL  Rhei  Co.) 

Recipe. 

Rhttbarb,  in  No.  80  powder,  thirteen  grammes 13.0  Gin. 

Purified  Aloes,  in  fine  powder,  ten  grammee 10.0  Gm. 

Myrrh,  in  fine  powder,  six  grammes 6.0  Gm. 

Oil  of  Feppenmnt,  fioe4enihs  of  a  miUUileT 0.6    mil 

Water,  a  sufficient  quantity^ 

« 

To  make  one  hundred  piUs 100 

Mix  the  oil  of  peppermint  intimately  with  the  powders,  then  incorporate  Buffi- 
cient  water  to  form  a  mass;  divide  it  into  one  hundred  pills. 

Dose. — Two  pills. 
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FILLS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


Pilula  »d  prandtam 


I 

Eogliah  name 
or  Eynonym       j 

I 


Ingredients 

(fisures  show  amount  used  in 

each  piU) 


Ezctpient 


Remarks 


(4t7pea^ 


Lady     Webster's 
"nUL 

Chapman's    din- 
ner pill. 
Cole's  dinner  pill. 


I 


Hall's 
piU. 


dinner 


PiluljB 


PUute 
feni. 


PUuljB 

tichc 


aloes      et  ■ 
aloes      et 

aloes  et  mas- 


POula      aloes 
myrrlui. 


et 


Pttobs  aloes  et  pod- 
ophylli  eomposi- 
im. 


PilttbB  aloe»  hy- 
drarnrri  et  podo- 
phytu. 

Pilobs  aloes,  hy- 
draripn^  et  seam- 
monn  eompodt«. 


PiluljB  aloini  com- 


Pills  of  sloes  and 
asafetida. 

Pills  of  aloes  and 
iron  (U.8.P. 
VIII). 

Pills  of  aloes  and 
mastic  (U.S.P. 
VIII). 


Pills  of  aloes  and 
myrrh  (U.S.P. 
VIII). 

Janeway's  pills. 


Aloes,  mass  of  mercury  and 
jalap,  of  each  0.078  Gm.;  anti- 
mony and  potassium  tartrate 
0.0013  Gm 

Aloes  0.065  Gm.;  extract  of 
glyoyrrhisa. 

Aloes,  and  asafetida,  of  each 
0.09  Gm. 


Triplex  pills. 


Francis'     triplex 
pills. 


Compound    pills 


Jompous 
of  iuoin. 


I 


Pilubs  aloini,  stry-    Pills  of  al<»n,  strv- 

chnine  and  bei- 


chnint  et  bella- 
donnc 


PiluljB  aloini,  stry- 
chnina  et  bella- 
donna oomposi- 
t0. 


Pilul*  antidyspep- 
tie«. 


ladonna. 


Compound     A. 8. 
and.  B.  pills. 


Antidyspeptio 
pUls. 


Aloes  0.007  Gm.;  mastic;  ipe-    Diluted     al- 
eac,  0.066  Gm.;  oil  of  fennel,      eohol. 

Ssrrup. 


Soap        and 
syrup. 

Soap        and 
water. 

Confection 
of  rose. 


DUuted 
cohol. 


Al. 


and 


located  ferrous 


aoes.  and  exaioeatea  lerrous 
sulphate  of  each  0.07  Gm.; 
aromatic  i>owder. 

Aloes,  0.13   Gm.;  mastic   0.04 
Qm.;  red  rose. 


Aloes,  0.13   Qm.;  myrrh,  0.06    Syrup. 
Gm.;  aromatic  powder. 


Aloes,  0.065  Gm. ;  rerin  of  pod- 
ophyllum, 0.0325  Gm.;  ex- 
tracts of  belladonna  leayes, 
and  nux  yomica,  of  each  0.016 
Gm. 

Aloes,  0.13  Gm.;  mass  of  mer- 
cury 0.065  Gm.;  rerin  of  pod- 
ophyllum, 0.016  Gm. 


The  extracts 
mentioned. 


Tbe  mass  of 
mercury 
mentioned. 


Tincture    of 
aloes     and 


Aloes,  resin  of  soammony,  and 
mass  of  merounr,  of  each  0.055  , 
Gm.;  oroton  oil,  0.0032  mil;  oil     myrrh, 
of  caraway. 


PHute       antimonii    Plummer's  pills. 
eomposit«. 


PUul»      antiperio. 
dien. 


Pilula      antiperio- 
die0  sine  aloe. 


Warburg's  pills. 


Warburg's     piUs 
without  aloes. 


Al<»n,  0.0325  Gm.;  rerin  of 
podophyllum,  0.008  Gm.;  ex- 
tract of  belladonna.  0.016  Gm. 

Aloin,  0.013  Gm.;  strychnine, 
0.0005  Gm.;  extract  of  bella- 
donna, 0.008  Gm. 


The  above  with  extract  of  oas- 
cara    sagrada   (0.0325    Gm.) 
added. 


The   extract 
mentioned. 


The   extract 
mentioned. 


Strychnine  0.(X)ld  Gm.;  ipecac, 
0.0065  Gm.;  extract  of  bella- 
donna leaves,  0.0065  Gm.; 
mass  of  mercury,  0.13  Gm.; 
compound  extract  of  colo- 
cynth,  0.13  Gm. 


Sulphurated  antimony,  and 
mud  mercurous  chloride,  of 
each  0.04  Gm.;  guaiao. 


Extract  of  aloes;  rhubarb;  an- 
g^ca  fruit;  elecampane;  saf- 
fron; fennel;  sedoary;  eubeb; 
myrrh;  acario;  camphor;  qui- 
nine sulphate,  0.09  Gm. 

The  above,  with  extract  of 
aloes  omitted. 


The  extracts 
mentioned. 


Castor  oil. 


Extract      of 
gentian. 


See  below. 
Dot.— I  pill. 
Do9€. — 1  pill. 

I><M«. — 1  pill. 
I><M«. — 1  pill. 
I><M«. — 2  pills. 


The  well-known 
Lady  fF«6- 
«ter'«  afUr  din- 
ner viU.  Do»«. 
— 2pUls. 

Do%9. — 2  pills. 


i>o«c. — 1  pill. 


Dms. 


DOM. — 


1  pill. 
1  pUI. 


DcMe.^l  pill. 


The  well-known 
"A.S.  and  B. 
pttt"  Do-.— 
Ipill. 

Doa9. — 1  pill. 


Dote. — 1  pill. 


Dot«. — 1  pill. 


Do9t. — 1  pill. 


DoM. — 1  pill. 
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PILLS  OF  THE  NATIONAL  FORMULARY.— (Continued.) 


Latin  name 


PUuUb     cathartics 
vegetabiles. 


PUuUb         colooyn- 
thidifl  compoaits. 


PilubB    colocynthi- 
dis  et  hyoscyami. 


PUuUb    colocynthi- 
difl  et  podophylli. 


Piluls  dtoitalis 

sdllse     et     nydr- 
argyri. 

Piltila  ferri,  quin- 
ine, aloes  et  nu- 
cifl  vomicn. 


Piluls  ferri,  quin- 
ina,  strychnine 
et  arseni  tortiores. 


Pilule  ferri,  quin- 
ine, strychnine 
et  arseni  mites. 

Pilule  glycerylis 
nitratis. 


Pilule        laxative 
compositua. 


Pilule         laxative 
postpartum. 


English  name 
or  synonym 


Ingredients 

(figures  show  amount  used  in 

each  pill) 


Excipient 


Remarks 


Pilule  opii,  digitalis 
et  quinine. 


Pilule  opii  et  cam- 
phore. 


Pilule       opii 
plumbi. 

Pilule  rhei. 


et 


Vegetable  cath- 
artic pills, 
(U.8.P.  Vlfl). 


Cochia  pills. 


Pills  of  colocynth 
and       hyoscya- 


mus. 


Pills  of  colocynth 
and  podophyl- 
lum. 

Niemeyer       pills 
for  dropsy. 


Quadruplex  pills. 


Bitter       metallic 
pills. 


Aitkin  tonic  pill. 


Pilb  of  nitrogly- 
cerin. 


Compound  laxa- 
tive pills 
(U.8.P.  VIII). 


Barker's       post- 
partum pills. 


Niemeyer       pills 
for  phthisis. 


Pills    of    opiu  m 
and  camphor. 

Pills     of     opium 
and  lead. 

Pills  of  rhubarb. 


Compound  extract  of  colocynth, 
0.060   Gm.'  extracts  of  n^o- 
scsramus  and  leptandra;  reams 
of  jalap  and  podophyllum;  oil 
of  peppermint. 

Extract  of  colocynth,  O.OII 
Qm.;  aloes,  0.13  Gm.;  resin  of 
seammony,  0.13  Gm.;  oil  of 
clove. 


Extract  of  colocynth,  0.0065 
Gm.;  aloes,  resin  of  seammony 
and  extract  of  hyoscyamus,  of 
each  0.097  Gm.;  oil  of  clove. 

Compound  extract  of  colo* 
cynth,  0.162  Gm.;  renn  of 
podophyllum,  0.016  Gm. 

Digitalis,  squill,  and  mass  of 
mercury,  of  each,  0.065  Gm. 


Exsicpated  ferrous  sulphate, 
quinine  sulphate  and  aloes,  of 
each,  0.065  Gm.:  extract  of 
nux  vomica. 

Reduced  iron  and  quinine  sul- 
phate, c5  each  0.065  Gm.; 
strychnine  and  arsenic  tri- 
oxide,  of  each,  0.0032  Gm. 

Reduced  iron;  quinine  sul- 
phate; strychnine  and  arsenic 
trioxide,  of  each,  0.0013  Gm. 

Spirit  of  glyceryl  trinitrate 
0.065  Gm.;  althea. 


Aloin,  0.013  Gm.;  strychnine, 
0.0005  Gm.;  extract  of  bella- 
donna leaves:  ipecac;  gly- 
cyrrhisa. 

Compound  extract  of  colo- 
cynth, 0.11  Gm.;  soootrine 
aloes,  0.055  Gm. ;  extracts  of 
nux  vomica  and  hyoscyamus; 
resin  of  podophyllum,  0.005 
Gm.;  ipecac. 


Powdered  opium,  0.01  Gm.; 
digitalis  ana  quinine  sulphate, 
of  each  0.065  Gm. 


Powdered    opium,  0.065  gm.; 
camphor,  0. 13  Gm. 

Powdered  opium  and  lead  ac^  > 
tate,  of  each,  0.065  Gm. 

Rhubarb,  0.20  Gm.  soap. 


Diluted 
cohol. 


al- 


Diluted     al- 
cohol. 


The  extracts 
mentioned. 


Syrup. 


Clarified 
honey. 


Extract      of 
gentian. 


aarified 
honey. 


Clarified 
honey. 


Confection 
of  rose. 


Syrup. 


Diluted     al- 
cohol. 


Clarified 
honey. 


Clarified 
honey. 

Clarified 
honey. 

Water. 


Do9e. — 2  piUa. 


Used  in  Eng- 
land as  pilu- 
liB  coecim. 

Do99. — 1  pill. 


Do»€. — 1  piU. 


DoM. — 1  pill. 


Also  called 

Ouy*9  piUt. 
Dose. — 1  piU. 

PilukB  quad- 
rupUeetf  N.F 
III.  Don. — 
Ipill. 

Pilulm   meUMo- 
rum,  N.F.  III. 
Z>o«e.— 1  pUl. 


/>oM.— 1  piU. 


Pilule  glonoixu 
N.F.  III. 
Do9€. — 1  piU. 

Dote. — 2  pills. 


Doss.— 1  piU. 


Dms.— 1  piU. 

l>oM.— 1  piU. 
Dots.— 1  piU. 
Doss. — 1  pill. 


DOSES  OF  OFFICIAL  PILLS 


As  already  mentioned,  pills,  troches,  and  suppositories  differ  from 
other  classes  of  official  pharmaceuticals  taken  internally  in  the  fact  that 
the  finished  products  are  subdivided  into  definite  doses;  hence  while  the 
dosage  of  other  preparations  are  by  weight  or  volume,  we  administer 


MASSES,   CONFECTIONS,   AND   PILLS  315 

sills  and  troches  by  a  certain  number  of  subdivided  particles.    The  phar- 
uacopceial  doses  of  all  official  pills  are  either  one  or  two  pills. 

1  pill:  Pills  of  phosphorus. 

2  pills:  Pills  ol  aloes;  aeaietida;  compouad  cathartic;  ferrous  carbonate;  ferrous 
odide;  compound  rhubarb. 

COMPRESSED  TABLETS 
These  are  lenticular  masses  of  medicinal  substances  forced  into  a 
solid  mass  by  compression.  Compressed  tablets  were  introduced  by 
Brockedon  in  1843,  and  soon  became  popular  by  reason  of  their  conven- 
ience and  simplicity  of  manufacture.  It  must  be  said,  however,  that 
compressed  tablets  are  open  to  the  possible  objection  of  insolubility. 
Many  substaaces,  when  compressed  sufficiently  firmly  to  hold  together, 


t 


r«.  207— Compnaed  tablet  mold.  FIf.  208.— ComprMMd  tablet  maehine. 

w  very  difficultly  soluble.  In  the  manufacture  of  compressed  tablets 
this  should  be  borne  in  mind,  and  care  should  be  exercised  in  so  blend- 
ing the  ingredients  as  to  render  them  as  soluble  as  possible  under  the 
circumstances. 

The  making  of  such  compressed  tablets  depends  chiefly  on  the  proper 
blending  of  the  ingredients,  foreign  substances  being  added  either  to 
secure  solubility  or  to  prevent  sticking  in  the  mold.  These  added  inert 
constituents  can  be  roughly  grouped  under  the  word  excipient.  For 
^^  combination  of  chemicals  the  excipient  should  be  studied,  even  as 
*e  do  in  the  case  of  pills,  and  the  special  directions  are  beyond  the  limits 
of  this  work.  Suffice  it  here  to  cite  a  typical  combination  for  a  mass 
intended  for  compression.  For  this  purpose  a  medicinal  substance  is  com- 
bioed  with  one-tenth  its  weight  of  sugar  and  one-twentieth  its  weight  of 
gum  arable.  The  mass  is  then  mixed  with  a  little  water,  granulated  by 
passing  through  a  coarse  sieve,  and  then  carefully  dried.  The  dried 
granular  mass  is  then  sprayed  with  liquid  petrolatum,  ten  or  twelve  drops 
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being  enoi^h  for  a  pound  of  mass.  Such  mass,  on  compresBion,  yields 
a  tablet  that  is  fairly  soluble,  while  the  lubricant  (liquid  petrolatum)  is 
squeezed  out  upon  the  surface  of  the  compressed  tablet,  thus  preventing 
the  tnasa  from  sticking  to  the  mold. 

For  the  purpose  of  preventing  the  mass  from  adhering  to  the  dies  of 
the  machine,  French  chalk  is  sometimes  used,  although  in  general  prac- 
tice hquid  petrolatum  is  more  satisfactory. 

In  making  compressed  tablets  of  quinine  it  is  essential  that  the  quinine 
be  in  a  satisfactory  condition  before  attempting  to  compress  it,  as  other- 
wise they  are  almost  sure  to  adhere  to  the  mold.  The  quinine  should 
be  at  first  sufficiently  dried,  and  then  should  be  granulated  and  sprayed 
with  paraffin  oil. 

The  apparatus  used  in  compressing  tablets  consists,  in  its  simplest 
form,  of  a  steel  cylinder  pierced  with  a  central  bore,  in  which  fits  a  plunger 


Fig.  300. — Stok«'  "Gureka"  Ubiet  muhine. 

the  end  of  which  is  convex,  while  at  the  other  end  of  the  cylinder  fits  the 
lower  die,  consisting  of  a  cylindric  piece  of  steel  similar  to  the  plunger, 
but  shorter,  terminating  in  a  broad  base.  The  cylinder  is  fitted  to  the 
lower  die  and  the  quantity  of  powder  directed  to  be  compressed  is  placed 
within  the  bore  (F^.  207).  The  plunger  is  then  inserted,  and  the  mass 
is  then  pressed  against  the  lower  die,  forming  a  firm  lenticular  disk  if 
the  pressure  be  sufficient.  The  pressure  is  produced  either  by  hitting 
the  plunger  with  a  hammer  or  mallet  or  by  means  of  an  iron  lever.  This 
lever  is  sometimes  in  the  form  of  a  long  handle  acting  from  a  hinge.  Of 
these  machines,  the  one  in  which  compression  is  performed  with  a  ham- 
mer has  fallen  into  disuse,  on  account  of  the  noise  accompanying  the 
process  and  its  general  unsatisfactory  character.  The  lever  machine  is 
simple  and  inexpensive,  and  should  be  found  in  every  pharmacy  for  the 
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manufacture  of  extemporaneous  tablets.  An  excellent  modification  of 
the  lever  compressor  is  shown  in  Fig.  208.  A  very  good  investment  for 
the  prescription  department  is  the  more  expensive  machine,  as  shown 
in  Fig.  209.  In  these  machines  the  tablet  mass  is  blended,  then  placed 
in  the  appropriate  funnel,  and  the  mechanism  is  worked  by  a  crank  on  the 


I^.  SIO.— SlokH'-CUrk  rotsry  Ublet  ni«bine. 

end  of  the  circular  wheel  which  transmits  power  not  merely  to  cause  the 
automatic  rise  and  fall  of  the  two  dies,  thug  pressing  the  tablets,  but  the 
same  movement  also  causes  the  throwing  out  of  the  funnel  the  quantity 
of  the  mass  required  for  each  tablet,  and  the  flipping  a^de  of  the  finished 
tablet.  Such  a  tablet  machine,  known  as  the  Stokes'  "Eureka"  machine, 
will  readily  make  100  tablets  a  minute.  In  large  manufacturing  concerns 
tablet  machines  having  a  higher  efficiency  are  used,  most  notable  of  these 
being   the  Stokes'-Clark  rotary  tablet  machine  (Fig.  210).    In  this 
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machine  there  is  a  series  of  dies  (12  to  25)  operating  on  a  circular  plate, 
and  being  mechanically  raised  and  lowered  during  the  revolution  of  the 
plate  by  means  of  cams;  each  revolution  of  the  plate,  therefore,  produces 
12  to  25  tablets,  and  as  the  machine  can  be  run  very  rapidly,  it  is  capable 
of  turning  out  from  30,000  to  50,000  tablets  an  hour. 

For  the  first  time,  the  present  pharmacopoeia  recognizes  a  specific 
compressed  tablet  under  the  title 

TOXITABELLiE    HYDRARGYM    CHLORIDI    CORROSIVI— Poison 

Tablets  of  Corrosive  Mercuric  Chloride 

(TozitabeL  Hydrarg.  Chlor.  Con. — Corrosive  Sublimate  Tablets.     Bi- 
chloride Tablets) 

Tablets  of  an  angular  shape  (not  discoid),  each  having  the  word  "POISON''  and 
the  skull  and  cross  Dones  design  distinctly  stamped  upon  it.  Each  tablet  weighs 
about  1  Gm.  and  contains  not  less  than  0.45  Gm.  nor  more  than  0.55  Gm.  of  corrosive 
mercuric  chloride  (HgCU) ;  the  remainder  consisting  chiefly  of  sodium  chloride  (NaCl). 
The  tablets  are  to  be  colored  blue,  preferably  with  sodium  indigotindisulphonate. 
Poison  Tablets  of  Corrosive  Mercuric  Chloride  are  to  be  dispensed  in  securely  stop- 
pered glass  containers  on  the  exterior  of  which  is  placed  a  rea  label  bearing  the  word 
**  POISON  "  and  a  statement  indicating  that  the  Tablets  contain  the  required  amount 
of  corrosive  mercuric  chloride. 

Assay. — See  Part  V. 

Remarks. — This  "poison  tablet"  has  been  introduced  in  response  to 
a  demand  that  the  use  of  antiseptic  tablets  containing  mercuric  chloride 
be  safe-guarded  by  making  them  of  distinctive  shape  and  color.  The 
official  monograph  given  above  is  self-explanatory. 

TABLET  TRITURATES 

These  are  flat  disks  containing  medicinal  substances,  prepared  by 
making  a  paste  of  the  substance  and  forcing  it  into  the  orifices  of  a 
special  tablet  machine.  This  machine,  as  will  be  seen  in  Fig.  211,  con- 
sists of  a  plate  of  steel  or  gutta-percha  pierced  with  a  number  of  accu- 
rately bored  holes,  all  of  which  are  of  the  same  size. 

The  second  part  of  the  apparatus  consists  of  a  plate,  which  is  studded 
with  cylinders  exactly  fitting  in  the  orifices  of  the  perforated  plate,  and 


Fig.  211.— Tablet  triturate  mold. 

of  sufficient  length  to  project  from  }^  to  }/{^  inch  above  the  perforated 
plate  when  it  is  fitted  on  these  cyUnders. 

In  using  such  a  tablet  triturate  machine,  the  mass,  as  above  stated, 
is  made  into  a  thin  paste  by  treatment  with  alcohol,  and  is  forced  into  the 
orifices  of  the  perforated  plate  (which  rests  on  a  pill  tile  or  glass  plate) 
by  rubbing  with  a  spatula,  and  the  mass  is  left  in  holes  until  firm.  The 
plate  is  then  placed  over  the  studded  plate  and  gradually  pressed  down 
over  the  projecting  posts.    As  these  posts  pass  into  the  orifices  of  the 
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perforated  plate  the  dry  disks  of  medicinal  substances  rise  upon  the  posts 
and  finally  emerge  from  the  plate  in  which  they  were  formed,  and  they 
are  allowed  to  remain  on  the  top  of  the  posts  until  perfectly  dried,  when 
a  gentle  tilting  of  the  apparatus,  or  the  tapping  of  it  with  a  spatula,  will 
cause  them  to  fall  off. 

Tablet  triturates  were  introduced  in  order  to  make  preparations 
similar  to  compressed  tablets,  but  more  soluble  by  reason  of  their  lesser 
compression. 

The  disadvantage  of  these  tablet  triturates  lies  in  the  fact  that  when 
they  become  dry  they  are  Uable  to  disintegrate,  and  care  must  be  taken 
in  dispensing  such  in  a  pill  box  to  provide  a  sufficient  amount  of  cotton 
to  prevent  their  shaking  to  and  fro. 

HYPODERMIC  TABLETS 

These  are  frequently  prepared  by  the  same  method  of  making  tablet 
triturates.  They  consist  of  medicinal  substances  (intended  to  be  ad- 
ministered subcutaneously)  blended  with  a  substance  known  to  be  com- 
pletely soluble  and  inert.  For  this  purpose  sodium  sulphate  has  been 
used,  but  now  sugar  of  milk,  especially  that  from  goats'  milk,  is  preferred. 
Most  of  the  hypodermic  tablets  are  now  made  by  compression. 

TRCXIHES 

m 

Troches  or  lozenges  are  disk-hke  masses  of  medicinal  substances  in- 
tended to  be  administered  by  slowly  dissolving  in  the  mouth.  By 
reason  of  the  method  of  administration  the  application  of  troches  is 
limited  to  two  classes  of  medicinal  substances — first  and  usually,  for  the 


Fig.  212. — Lozenge  cutter.  Fig.  213. — Sixfold  loienge  cutter. 

administration  of  medicines  intended  for  application  to  the  throat,  and, 
secondly,  in  the  administration  of  fairly  mild  and  tasteless  medicines  in 
a  palatable  form.  Since  they  are  administered  by  slowly  dissolving,  no 
intensely  bitter  medicine  should  be  used  in  the  drug.  Thus,  to  prepare 
troches  of  quinine  sulphate  would  be  scarcely  short  of  senseless.  A  taste- 
less lozenge  of  quinine  can,  however,  be  made,  and  is  described  farther 
along. 

Troches  are  manufactured  in  two  ways — by  massing  and  by  com- 
pression. In  making  a  lozenge  by  massing,  the  medicinal  substances 
are  combined  with  some  mucilaginous  substance,  usually  gum  tragacanth, 
and  moistened  with  sufficient  water  to  make  a  mass,  and  are  then  worked 
up  in  a  mortar  similar  to  making  a  pill  mass.  When  the  mass  is  formed, 
it  is  rolled  out  with  an  ordinary  biscuit  roller  on  the  biscuit  board  or 
pill  tile,  and  from  this  rolled-out  mass  the  lozenges  are  cut  with  an  ap- 
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propriate  cutter.  The  details  of  the  manufacture  of  such  a  mass  will  be 
found  in  Part  VII  in  the  discussion  of  the  manufacture  of  lozenges 
of  potassium  chlorate.  The  apparatus  required,  as  mentioned  above, 
is  a  biscuit  board,  which,  however,  in  the  writer's  experience,  is  not  as 
satisfactory  (by  reason  of  the  warping  of  wood)  as  a  glass  plate,  or,  in 
making  small  quantities,  a  pill  tile.  For  rolling  out  the  mass  any  ordi- 
nary rolling-pin  will  answer,  the  size  depending  upon  the  number  of  troches 
intended  to  be  made.  As  to  the  lozenge  cutters,  they  are  generally  hollow 
cylinders  of  tin  tipped  with  steel,  as  shown  in  Fig.  212.  The  shape  of 
this  can  be  either  roimd  or  hexagonal.  Special  forms  of  lozenge  cutters 
for  cutting  six  at  a  time  have  been  devised  (see  Fig.  213). 

The  making  of  lozenges  by  compression  is  similar  to  making  com- 
pressed tablets,  the  only  difference  being  in  the  size  of  the  mold.  In  the 
case  of  compressed  tablets,  the  die  arranged  for  1-grain  masses  has  a 
diameter  of  )^  inch;  while  the  5-grain  die  is  %  inch  in  diameter,  'the 
lozenge  being  usually  larger,  a  special  die  is  provided,  with  all  compressed 
tablet  machines,  in  which  the  diameter  is  >^  to  ^  inch.  Such  a  die  is 
attached  to  the  tablet  machine,  the  powdered  constituents  blended  in 
the  proper  way,  and  compressed  either  by  hand  or  by  machine. 

For  throat  troubles  the  compressed  lozenges  are  as  valuable  as  the 
massed  lozpnges,  because  in  such  cases  the  medicinal  ingredients  of  these 
lozenges  act  best  when  they  are  slowly  dissolved. 

BACILLI 

These  are  special  forms  of  lozenges,  consisting  of  cylinders  about  an 
inch  in  length  and  J^  to  J^  inch  in  diameter.  The  best  illustration  of 
bacilli  are  the  black  licorice  lozenges  so  largely  sold  in  America  these 
days.  Such  bacilli  are  made  hy  taking  the  mass  and  either  rolling  it 
into  a  cylinder  by  hand  and  dividing  on  a  pill-cutting  machine,  or,  better 
still,  forcing  it  through  a  bougie  machine  (p.  326),  from  which  it  emerges 
as  a  narrow  cylinder  which  is  cut  by  a  knife  into  short  pieces. 

TABLE  OF  OFFICIAL  LOZENGES 
(All  Galenic) 

ProceBB  Uses  Exdpient  Preparations 

All  bv  massing                                    Tragacanth    and  Troches  of  tannic  acid, 
and  cutting.        Throat  lozenge.          stronger        orange 

flower  water. 

Tragacanth  and  syrup  Troches  of  ammonium 

of  tolu.  chloride. 

Tragacanth  and  water.  Troches  of  potassium 

chlorate. 

Acacia  and  syrup  of  Troches  of  cubeb. 
tolu. 

Not  for  throat.       Mucilage     of     traga-  Troches  of  sodium  bi- 

canth.  carbonate. 

SPECIAL  NOTES  ON  OFFICIAL  LOZENGES 

TROCfflSCI  ACIDI  TANNICI— Troches  of  Tannic  Acid 

(Troch.  Acid.  Tann.) 

Condensed  Recipe, 

Ingredients. — Tannic  acid,  6  Gm. ;  powdered  sugar,  65  Gm. ;  powdered  tragacanth, 
2  Gm.;  stronger  orange  flower  water,  enough. 
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ManipukUion. — Triturate  the  powders  together,  mass  with  the  aromatic  water 
and  divide  into  100  troches. 


TROCmSCI  AMMONn  CHLORIDI— Troches  of  Ammonium 

Chloride 

(Troch.  Ammon.  Chlor.) 

Condensed  Recipe. 

Ingredients, — Ammonium .  chloride,  10  Gm.;  powdered  extract  of  glycyrrhiza, 
20  Gm.;  powdered  tragacanth,  2  Gm.;  powdered  sugar,  40  Gm.;  syrup  of  tolu, 
enough. 

Manipulalion, — Mix  the  powders  by  trituration,  mass  with  the  syrup  and  divide 
into  100  troches. 


TROCmSCI  CUBEBiE— Troches  of  Cubeb 

(Troch.  Cubeb.) 

Condensed  Recipe. 

Ingredients. — Oleoresin  of  cubeb.  2  Gm.;  oil  of  sassafras,  1  mil;  powdered  extract 
of  glycyrrhiza,  25  Gm.;  acacia,  12  Gm.;  syrup  of  tolu,  enough. 

Manipulatian. — ^Triturate  the  powders,  and  mix  them  with  the  oleoresin  and  the 
oil,     Mass  with  the  syrup  and  divide  into  100  troches. 

TROCmSCI  POTASSn  CHLORATIS— Troches  of  Potassium  Chlorate 

Recipe  and  full  details  of  manipulation  will  be  found  in  Part  VII. 

Remarks. — These  lozenges  must  not  be  confounded  with  the  com- 
pressed tablets  of  the  potassium  chlorate,  which  usually  consist  of  five 
grains  of  that  chemical  in  compressed  form. 

In  making  the  troches,  great  care  should  be  taken  in  mixing  the  potas- 
sium chlorate  with  the  sugar,  that  combination,  as  mentioned  on  p.  417, 
being  apt  to  explode.  Not  only  is  caution  required  in  the  manufacture, 
but  also  it  is  well  to  warn  the  purchaser  that  these  lozenges  should  not  be 
subjected  to  any  violent  concussion,  as  such  is  apt  to  produce  a  dangerous 
explosion. 

TROCmSCI  SODn  BICARB0NATI&— Troches  of  Sodium  Bicarbonate 

(Troch.  Sod.  Bicarb.) 

Condensed  Recipe. 

Inaredients.—Qodium  bicarbonate,  18  Gm.;  powdered  sugar,  64  Gm.;  freshly 
grated  myristica,  1  Gm. ;  mucilage  of  tragacanth,  enough. 

Manipulation. — First  triturate  the  nutmeg  with  the  sugar;  then  with  the  sodium 
bicarbonate;  mass  with  the  mucilage  and  divide  into  100  troches. 

Remarks. — These  lozenges  are  given  as  an  antacid  in  cases  of  flatu- 
lence. 

21 
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TROCHES  OF  THE  NATIONAL  FORMULARY 


Latin  name 


Trochiflci    carbonis 
ligni. 

Troehisci  gambir. 


Trochisei     mentluB 
piperit». 


Troehisci      phenol- 
phthaleini. 

Troehisci    quinine 
tannatis. 


Troehisci  aantonlnL 


Troehisci     santon- 
ini  compoeiti. 


Troehisci  sulphuris 
et  ]>otas8ii  bitar* 
tratis. 

Troehisci  ulmi. 


English    name 
or  synonym 


Troches  of  char- 
coal. 

Troches  of  gam- 
bir (U.S.P,  VIII) 

Troches  of  pep- 
permint. 


Troches  of  phen- 
olphthalein. 

Losenges  of  quin- 
ine tannate. 


Troches  of  san- 
tonin (U.S.P., 
VIII). 

Troches  of  san- 
tonin and  calo- 
mel. 

Troches  of  sul- 
phur and  cream 
of  tartar. 

Troches  of  elm. 


Ingredients 

(figures  show  amount  used 

in  each  troche) 


Excipient 


Remarks 


Charcoal,    0.30    Gm.;     sugar;  [  Tragacanth 
vanillin.  and  water. 

Gambir,  0.06  Gm.;   sugar;  oil  |  Tragacanth 

and  water. 


I 


of  cinnamon. 

Oil  of  pepjMrmint,  0.01    mil; 
sugar. 


Phenolphthalein,  0.06  Gm.; 
sugar;  vanillin;  carmine. 

Quinine  tannate,  0.06  Qm.;  oil 
of  theobroma;  prepared  cocoa; 
sugar;  vanillin;  sodium  benso- 
suTphinide.  Chloroform  to 
facilitate  admixture. 


Santonin,  0.03  Gni.;  sugar;  pre- 
pared cocoa:  vanillin. 


Santonin  and  mild  mercurous 
chloride,  of  each,  0.03  Gm.; 
sugar;  cocoa;  vanillin. 

Washed  sulphur,  0.30  Gm.; 
potassium  oitartrate;  sugar; 
oil  of  orange. 

Elm,  0.20  Gm.;  sugar;  methyl 
salicylate. 


Mucilage    of 
tragacanth. 


Acacia    and 
water. 

Tragacanth 
and  water. 


Tragacanth 
and  water. 


Tragacanth 
and  water. 


Tragacanth 
and  water. 


Traoacanth 
and  water. 


Doae. — ] 
troche 

Doae. — 1 
troche. 

"Peppermint 

dropa." 
Doae. — 1 

troche. 

Dote.— 1 
troche. 

Popular  in  the 
south  under 
name  of  ffutn- 
ine  losenges. 

Doae. — 1 
troche. 

Worm  lofsnass. 
Doae. — 1 
troche. 

Doae. — 1 
troche. 


Doae. — 1 
troche. 


Doee. — 1 
troche. 


In  England,  lozenges  enjoy  far  more  popularity  than  they  do  in  this  country  and 
there  are  several  types  not  described  in  either  the  pharmacopoeia  or  in  the  National 
Formidary. 

Among  these  are  mjube  paste  lozenges.  The  original  jujube  paste  was  the  mucilagin- 
ous exudation  from  Zizypkus  satwa,  but  it  has  long  since  been  replaced  by  a  base  con- 
sisting of  acacia,  18;  su^ar,  6;  water,  80;  evaporate  in  water-batn  to  30  parts.  With 
this  base  various  medicmes  can  be  incorporated,  and  lozenges  so  prepared  have  been 
highly  recommended  by  throat  surgeons. 

*^txlyc(hifelalin"  lozenges  are  also  very  popular  in  England.  These  are  made  from 
a  base  which  is  prepared  by  soaking  1  ounce  of  selatin  in  2}^  ounces  of  orange  flower 
water  until  "jellified."  To  this  is  then  addea  2)^  ounces  of  glycerin  and  enough 
carmine  solution  to  color  it.  Gentle  heat  is  then  applied  until  the  mass  is  fluid  when 
it  can  be  poured  into  molds.  Of  course,  various  medicines  can  be  added  to  the  base, 
while  it  is  fluid. 

Chloroform  lozenges  are  now  quite  popular.  These  can  be  prepared  by  mixins 
together,  3.5  mils  of  chloroform,  0.5  mil  of  oleoresin  of  cubeb,  1  mil  of  tincture  oi 
capsicum,  0.3  mil  of  oil  of  anise,  5  Gm.  of  powdered  extract  of  glycyrrhiza,  3  G  i.  of 
powdered  acacia,  5  Gm.  of  powdered  elm  and  82  Gm.  of  powdered  sugar.  The  mix- 
ture is  then  beaten  into  a  mass  by  addition  of  water  and  divided  into  100  troches. 

These  lozenges  lose  their  chloroform  by  evaporation  in  a  comparatively  short 
time,  but  when  extract  of  licorice  is  used  as  a  diluent,  the  chloroform  remains  for  a 
longer  time.  The  tincture  of  capsicum  is  added  to  bring  out  the  cooling  action  of  the 
chloroform. 

DOSES  OF  OFnOAL  TROCHES 

No  doses  are  assigned  troches  by  the  pharmacopoeia,  it  being  assumed 
that  they  can  be  administered  ad  libitum.  Warning  must  be  given,  how- 
ever, that  indiscriminate  consumption  of  some  medicinal  lozenges  may 
lead  to  grave  results.  This  is  especially  true  of  troches  of  potassium 
chlorate  (see  p.  417)  and  troches  of  santonin  N.F.  (See  p.  779.)  The 
Formulary  wisely  directs  a  definite  dose  for  each  loienge  it  describes* 
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CHAPTER  XX 

SUPPOSITORIES 

SrpposiTOBiES  are  solid  bodies  intended  to  introduce  medicinal  sub- 
stances into  the  various  orifices  of  the  body.  The  medicament  is  incor- 
porated in  a  base  that  melts  at  body  temperature.  The  pharmacopoeia 
gives  a  general  formula  for  manufacture  of  suppositories  and  this  should 
be  carefully  read  by  the  student. 

SUPPOSITORIA— Suppositories 

Under  this  heading  the  present  pharmacopoeia  prints  a  monograph  discussing 
suppoflitories,  their  uses,  their  manufacture  and  their  shape.  The  information  given 
may  be  summarized  as  follows : 

^positories  are  administered  by  inserting  into  rectum,  vagina,  or  urethra,  and 
awordinp  to  place  of  insertion  and  material  from  which  made,  they  are  of  different 
sixes andshapes,  as  tabulated  below : 


OFFIOAL  SUPPOSITORIES 


AppUcaiUm 
Rectal 

rrethral. 
Vaginal 


Composition 
Oli  of  theobroma. 

Glvcerinated  gelatin. 
Oil  of  theobroma. 
Glycerinated  gelatin. 

Oil  of  theobroma. 


Shape 
Cone  shaped. 

Pencil  shaped. 

Pencil  shaped. 

Globular  or  ovi- 
form. 

Globular  or  ovi- 
form. 


Weight 
2  grammes. 

2  to  4  grammes. 
1  to  2  grammes. 
10  grammes. 

4  grammes. 


OH  Y  theobroma  suppositories  can  be  made  by  fusion  (p.  324)  by  massins  (p.  324) 
u  ^  A  compression  (p.  326).  In  making  suppositories  containing  phenol,  nydrated 
cworal  or  other  material  which  tend  to  soften  the  oil  of  theobroma,  the  addition  of  from 
iu  to  15  per  cent,  of  spermacetti  is  permissible.     The  melting  point  of  the  finished 


permissible, 
suppository  must  not,  towever,  be  above  37*C. 
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Glycerinated  geUUin  supjoositoriea  are  made  by  dissolving  or  mixing  the  medicine 
with  glycerin,  Combining  tnis  with  fused  glycerinated  gelatm  and  then  pouring  into 
greased  molds.     For  details  see  U.S.P.,  p.  423. 

The  ideal  suppository  consists  of  medicine  blended  with  some  inert 
base  which  will  not  liquefy  at  ordinary  temperatures,  but  will  melt  at 
the  temperature  of  the  human  body.  The  best  substance  adapted  for 
this  purpose  is  oil  of  theobroma  (butter  of  cacao);  that  is,  the  official 
solid  fatty  oil,  which,  as  is  explained  on  p.  659,  is  a  hard,  firm  mass, 
which,  however,  melts  to  an  oily  liquid  at  90®  to  95®F.  In  America 
practically  all  suppositories  are  made  from  this  substance,  its  use  having 
been  suggested  by  the  American,  A.  B.  Taylor,  in  1852.  In  England 
glycerinated  gelatin  is  popular  as  a  suppository  base,  but  this  base  pos- 
sesses the  decided  disadvantage  that  the  choice  of  medicinal  ingredients 
to  be  blended  with  it  is  somewhat  limited.  Thus,  under  no  circumstances 
should  tannin  or  tannin-bearing  drugs  be  combined  with  gelatin,  for  if 
this  is  done,  an  insoluble  tannate  of  gelatin  (leather)  is  formed. 

A  third  suppository  base,  used  only  in  one  case,  and  that  an  official 
illustration,  is  the  solidification  of  glycerin  by  means  of  stearic  acid. 
This  will  be  discussed  in  considering  the  official  glycerin  suppositories. 

Manufacture  of  Suppositories. — There  are  three  important  ways  of 
making  suppositories — ^by  rolling,  by  molding,  and  by  compressing. 

Of  these  processes,  manufacture  by  rolling,  that  is,  making  into  a 
mass,  rolling  out,  cutting  cylinder,  and  finally  shaping  by  hand,  and  also 


Fiff.  214. — Individual  suppository  molds.  Fig.  215. — Divided  suppository  mold 


by  molding  (or  fusion),  is  outlined  in  above  general  directions,  while 
minutiae  of  each  process,  applied  in  special  cases,  is  given  in  Part  VII. 

At  this  place  it  is,  therefore,  only  necessary  to  say  a  few  words  con- 
cerning the  apparatus  (molds)  used  in  preparing  suppositories  by  fusion. 

These  molds  are  made  of  brass,  usually  nickel  plated,  and,  before 
using  are  to  be  thoroughly  chilled  before  the  suppository  mass  is  placed 
therein. 

The  first  form  of  the  suppository  mold  was  the  individual  mold- 
consisting  of  a  conic  piece  of  steel  hollowed  out  to  the  shape  of  a  supH 
pository,  and  a  set  of  these  molds  is  fitted  into  an  appropriate  holder 
which  can  then  be  immersed  in  ice-water,  or  a  mixture  of  ice-water  and 
salt,  as  shown  in  Fig.  214.  These  molds  are  absolutely  useless  in  the 
modern  pharmacy,  there  being  no  way  of  opening  them  to  remove  a 
possibly  refractory  suppository;  and,  moreover,  the  quantity  of  metal 
in  the  mold  is  not  sufficient  to  insure  a  thoroughly  uniform  chilling.  If 
such  is  used,  the  one  way  of  removing  the  suppository  is  by  tapping  the 
mold,  and  if  the  mass  sticks  to  the  mold,  nothing  can  be  done  except  to 
dig  it  out  by  means  of  a  wire  or  a  file. 

Divided  molds  consist  of  larger  pieces  of  steel  containing  orifices  for 
6,  12,  24,  or  even  a  larger  number  of  suppositories,  so  that  they  can  be 
taken  apart,  thus  dividing  the  mold  in  two  pieces,  as  shown  in  Fig.  215. 
While  being  used,  the  two  pieces  are  held  together  by  means  of  clamps 
or  pegs.    Such  molds  are  the  most  satisfactory  that  can  be  used,  and  if 
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they  have  been  left  oq  the  ice  long  enough  to  insure  thorough  chilhng, 
the  masufacttue  of  suppositories  with  such  molds  yields  most  satisfactory 
results. 


Fig.  31S. — BeDton-HiUI  auppoHtoiy  m 


Quite  a  number  of  makes  of  divided  suppository  molds  are  on  the 
market,  and  none  of  them  is  better  than  the  hinged  Benton-Hall  mold, 
as  shown  in  Fig.  216.     It  will  be  seen  from  the  figure  that  this  is  on  the 


K«.  2IT. — SuppoKtory  ci 


same  principle  as  the  divided  molds  just  described,  but  has  the  advantage 
of  having  a  set  of  orifices  at  both  top  and  bottom. 

Suppositories  by  compression  are  made  by  mixing  the  medicinal 
substance  with  finfJy  grated  oil  of  theobroma  and  compressing  it  into 
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the  mold  by  means  of  appropriate  leverage.  Several  varieties  of  such 
compreeaing  machines  are  on  the  market.  Earliest  of  these  was  the 
Archibald  suppository  machine  (shown  in  Fig.  217),  in  which  the  mii- 
ture  was  passed  through  a  funnel  in  which  works  a  steel  plunger,  wbich 
forces  the  mass  into  a  mold  placed  underneath  the  funnel.  This  form  o( 
suppository  machine  is  not  highly  satisfactory,  however,  and  is  raidr 
used  in  these  days. 

The  Whitall-Tatum  suppository  machine  works  far  more  efficiently 
The  cyhnder  is  smaller  and  rests  horizontally  on  the  table  rather  thin 
vertically  (Fig.  218). 


Fia.  218, — WhiUll-TBtum  lupimsitory  mnehini. 

In  making  bougies  by  compression  instead  of  the  cone-shaped  m<Ad 
the  mass  is  pressed  through  a  die  having  a  single  but  perfectly  true  cylin- 
dric  orifice  bored  through  it.  The  pressure  of  the  plunger  within  the 
cyhnder  forces  the  mass  through  this  narrow  orifice,  with  the  result  of 
producing  long,  worm-like  masses. 

In  lieu  of  compressing  machines  bougies  can  be  made  by  worbnf 
up  the  mass  of  hand  and  rolling  it  out  as  one  would  a  pill  cylinder. 
Ct,  if  it  is  preferred  to  make  the  urethral  suppository  by  fusioo,  the 
fused  mass  can  be  sucked  up  into  a  glass  tube,  which  has  been  previous)? 
oiled. 

The  pharmacopoeia  recognizes  but  one  suppository  by  name. 

SUPPOSITORIA  GLYCERIHI— Suppositories  of  Glycerhi 

Recipe  and  details  of  manufacture  of  this  important  preparBtiw 
are  left  for  practice  work  in  Part  VII. 

Remarks. — The  mass  from  which  the  suppositories  are  made  is  ptf- 
pared  by  treating  glycerin  with  sodium  carbonate  and  stearic  acid,  thu» 
forming  a  glycer^-eodio  stearate,  the  chemistry  of  which  will  be  discuasw 
in  -Part  VII. 

It  is  here  necessary  merely  to  call  attention  to  the  fact  that  a  ypn' 
small  quantity  (less  than  10  per  cent.)  of  solids  are  able  to  solidify 
glycerin. 

SupposltorU  Boroglycerioi  (N.F.)  or  mppomUme*  of  boroglyeerin  are  made  b? 
melting  glyceriaated  gelatin  and  then  adding  to  the  fused  mass  dvcerite  oT  boro- 
glycerin  and  glycerin.  The  mixture  ia  then  poured  into  molds.  The  supposiWi* 
contain  30  per  cent,  of  glycerite  of  boroglyeerin. 
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In  place  oi  ordinary  suppositories  there  have  been  placed  on  the 
market  the  so-called  suppository  capstUes,  They  consist  either  of  a  hol- 
low mass  of  oil  of  theobroma,  provided  with  a  plug  of  the  same  material 
used  to  close  the  capsule;  while  others  are  made  of  gelatin,  similar  to  gela- 
tin capsules,  only  larger.  In  both  cases  the  medicine  intended  to  be 
administered  as  a  suppository  is  supposed  to  be  introduced  into  these 
capsules,  which  are  then  sealed  and  are  then  ready  for  insertion.  It  is 
hardly  necessary  to  say  that  the  careful  pharmacist  will  avoid  dispensing 
such  suppositories.  In  the  first  place,  one  of  the  objects  of  using  oil  of 
theobroma  mass  is  that  the  active  medicinal  ingredients  shall  be  properly 
diluted,  and  to  place  these  ingredients  in  such  capsules,  even  though 
worked  up  with  a  small  quantity  of  oil  of  theobroma,  does  not  yield  a 
suppository  of  a  value  equal  to  the  one  made  by  mixing  the  medicaments 
with  the  diluents. 

Nasal  coryza  auppasitories  consisting  of  a  base  of  oil  of  theobroma  in  which  has 
been  incorporated  antiseptics  such  as  oils  of  cassia,  eucalyptus  and  thyme  phenol, 
camphor  and  menthol  have  been  suggested. 

PoliUer  plugs  are  greased  pellets  of  cotton  about  the  size  of  a  coriander  seed  with 
thread  attached,  for  insertion  in  the  ear  as  a  protective. 
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CHAPTER  XXI 

SOLID  PREPARATIONS  FOR  EXTERNAL  USE  (CERATES,  OINT- 
MENTS, CATAPLASMS,  PLASTERS,  AND  PAPERS) 

CERATES 

These  are  combinations  of  medicinal  substances  with  fats  and  waxes 
intended  to  be  used  by  spreading  on  cloth  or  paper,  applying  as  one 
would  a  plaster.  As  the  name  suggests,  cerates  (from  the  Latin  cera^ 
wax)  are  supposed  to  contain  wax,  and  a  successful  cerate  should  be  soft 
enough  to  spread  on  cloth  or  paper,  and  yet  thick  enough  not  to  become 
thin  and  oQy  in  hot  weather. 

The  statement  as  to  the  origin  of  the  word  cerate  has  lost  some  of  its 
force  since  the  last  pharmacopoeial  revision,  as  one  cerate  now  official 
(cerate  of  lead  subacetate)  contains  no  wax,  paraffin  being  the  hardening 
agent. 

The  fats  used  in  the  manufacture  of  cerates  run  the  gamut  of  all 
available  fatty  substances.  Lard  is  generally  employed,  but  some- 
times fatty  oils  are  used;  while  in  the  present  pharmacopoeia  petrolatum 
and  lanolin  are  prescribed  in  several  cases.  According  to  the  amount  of 
semisolid  fat,  such  as  petrolatum  or  lard,  or  of  oil  employed,  the  amount 
of  wax  required  must  be  varied;  oils,  of  coiu*se,  requiring  a  larger  amount. 
Again,  in  several  recipes  for  cerates  and  ointments  in  the  present  phar- 
macopoeia directions  are  given  to  use  more  w£^;c  in  hot  weather  than  dur- 
ing the  cold  weather. 
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The  official  cerates  are  made  either  by  fusion  or  by  incorporation. 
In  the  manufacture  by  fusion  the  constituent  having  the  highest  fusing 
point — say  the  wax — is  usually  heated  first  and  to  this  when  melted 
is  added  the  other  constituents  such  as  lard  or  petrolatum,  when  com- 
pletely fluid;  the  melted  mass  strained  through  muslin  into  a  mortar,  and 
triturated  until  completely  solidified.  In  incorporation  the  medicinal 
substance  is  placed  on  an  ointment  slab  or  in  the  mortar,  and  mixed  with 
the  fatty  ingredients;  in  the  first  case,  by  rubbing  with  the  spatula,  and 
in  the  second,  by  trituration  with  the  pestle. 

In  the  present  pharmacopoeia  all  three  official  cerates  are  made  by 
fusion. 

TABLE  OF  OFFICIAL  CERATES 

(All  Galbnic  and  All  Madb  bt  Fusion) 

Base  PreparaUona 

White  wax,  and  benzoinated  lard Cerate. 

Yellow  wax  and  lard Rofiin  cerate. 

Yellow  wax,  benzoinated  lard  and  rosin . . .  Cantharides  cerate. 

SPECIAL  ROTES  ON  OFFICIAL  CERATES 

CERATUM— Cerate 
(Cerat. — Simple  Cerate) 

Condensed  Recipe. 

Melt  300  Gm.  white  wax  on  a  water-bath,  add  700  Gm.  benzoinated  lard;  heat 
until  all  is  liquefied,  strain  and  then  stir  until  solid. 

Remarks, — This  preparation,  commonly  called  simple  ceraiSy  is  made 
by  the  fusion  of  30  per  cent,  white  wax,  and  70  per  cent,  benzoinated 
lard.  Note  the  pharmacopoeial  proviso  that  the  amount  of  wax  may  be 
varied  to  meet  climatic  conditions.  In  the  last  pharmacopoeia,  cerate 
was  a  mixture  of  white  wax,  white  petrolatum  and  lard  but  at  the  recent 
revision  it  was  decided  to  return  to  the  old  recipe  of  U.S.P.  1890. 

Simple  cerate  is  rarely  used  except  in  combination  with  medicinal 
substance. 

CERATUM  CANTHARIDI&--Cantharides  Cerate 
(Cerat.  Canthar. — Blistering  Cerate) 

Condensed  Recipe. 

Ingredients. — Powdered  cantharides,  350  Gm.;  glacial  acetic  acid,  25  miLs:  oil  of 
turpentine,  150  mils:  yellow  wax,  175  Gm.;  rosin,  175  Gm. ;  benzoinated  lard,  200  Gm. 

Manipidalion. — Macerate  the  cantharides  with  the  oil  of  turpentine  and  the  acetic 
acid  in  a  warm  place.  Melt  the  rosin,  wax  and  lard,  add  the  cantharides  mixture  to 
the  fused  fat  mixture  and  keep  fused  by  heat  of  a  water-bath  until  the  ointment 
weighs  1000  Gm.     For  details  see  U.S.P.,  p.  105. 

Remarks. — This  is  prepared  by  macerating  powdered  cantharides 
with  liquid  petrolatum  and  mixing  the  other  fatty  constituents  previously 
brought  to  fusion,  keeping  the  mixture  in  a  liquid  condition  for  an  hour. 
After  the  heat  is  removed  the  nlass  is  stirred  until  cooled.  The  can- 
tharides cerate  is  used  for  spreading  what  is  commonly  known  as  fiy^ 
blister,  this  being  the  cerate  spread  on  adhesive  plaster  in  a  layer  about 
3^  inch  thick.  This  preparation  is  now  given  official  recognition  under 
the  name,  cantharides  plaster,     (See  p.  341.) 
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CERATUM  R£SIN.£— Rosin  Cerate 

(Cerat.  Res, — Basilicon  Ointment) 

Condensed  Recipe, 

Melt  350  Gm.  rosin,  add  150  Gm.  yellow  wax  and  500  Gm.  lard,  heat  until  entirely 
fluid,  strain  and  stir  iintil  solid. 

Remarks. — This  is  best  known  by  its  synonym,  basilicon  ointment. 
It  is  made  by  the  fusion  of  rosin,  yellow  wax,  and  lard,  and  it  is  worth 
noting  that  the  pharmacopoeia  directs  the  changing  of  the  proportion 
of  the  constituents  according  as  the  cerate  is  made  in  hot  or  cold  weather. 
The  cerate  has  great  popularity  as  a  "drawing  saJve"  for  bringing 
boils  "to  a  head." 

CERATES  OF  THE  RATIONAL  FORMULARY 


Latin  name 


English  name 
or  aynonym 


'  Ingredients 
(figures  show  amount  used  in  100 
grammes) 


Remarks 


Ceratum  camphors. 


Centum        plumbi 
sabaeetatia. 


Ceratam         resinas 
compositam. 


Camphor    cerate 
(U.S.P.  VIII). 

Goulard's  cerate. 


Deshler's  salve. 


Camphor  liniment,  10  Gm.;  white  wax; 
white  petrolatum;  bensoinated  lard. 

Solution  of  lead  subacetate,  20  Gm.; 
wool  fat;  white  wax;  white  petrola- 
tum; camphor,  2  Gm. 

Rosin;  yellow  wax;  prepared  suet;  tur- 
pentine; linseed  oil. 


This  is  not  camphor 
pomade.  See  p.  337. 

Was  official  in  U.S.P. 
VIII. 


Was  official  in  U.S.P. 
VIII. 


OINTMENTS 

Ointments  are  semisoUd  preparations  containing  medicinal  substances 
blended  with  fatty  matter  of  sufficient  softness  to  permit  their  being 
applied  to  the  skin  by  inunction.  Ointments  are  always  of  softer  con- 
sistence than  are  cerates,  and  have  a  lower  melting-point,  less  wax  being 
used.  Thus  while  cerate  of  the  present  pharmacopoeia  contains  30  per 
cent,  white  wax,  the  official  ointment  contains  but  20  per  cent,  of  that 
hardening  agent. 

The  choice  of  the  base  in  making  ointments  is  of  much  importance, 
since  the  medicaments  contained  in  these  preparations  are  supposed  to  be 
absorbed  by  the  skin  and  if  the  base  employed  is  not  easily  absorbed  that 
result  will  not  be  obtained.  Wool-fat  is  supposed  to  be  the  base  most 
quickly  absorbed,  goose  grease  and  lard  con^e  next,  while  petrolatum  is 
considered  to  be  very  slowly  absorbed. 

Omtments  are  manufactured  either  by  fusion  or  by  incorporaiion. 
In  fusion  the  fatty  substances  are  liquefied  by  the  aid  of  gentle  heat,  and 
the  medicinal  substances  are  incorporated  either  while  the  fats  are  lique- 
fied or  after  solidification.  In  the  case  of  the  ointments  made  by  incor- 
poration the  medicinal  substances  are  rubbed  up  with  solid  fatty  matter, 
either  in  a  mortar  or  on  an  ointment  slab.  When  pestle  and  mortar  are 
used  for  the  purpose  of  incorporation  it  is  advisable  to  have  the  latter  of  a 
special  flat  shape,  as  shown  in  Fig.  219.  An  ointment  prepared  by  fusion 
is  usually  finished  by  passing  the  fused  mass  through  the  strainer  into  a 
mortar,  and  triturating  the  mass  until  solidified.  This  has  the  effect  of 
not  only  making  the  ointment  smoother,  but  also  lighter  in  color.  In 
some  of  the  ointments  "whipping"  is  important  in  order  to  obtain  a 
handsome  product.  Thus,  in  malang  cold-cream,  the  finished  product  is 
made  light  and  fluffy  by  beating  the  mass  with  an  egg-beater,  and  in 
making  large  quantities  by  working  up  in  an  emulsion  machine  (p.  261). 
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When  an  ointment  is  prepared  by  incorporation  on  a  alab,  the  appa- 
ratus needed  consists  of  an  ointment  slab  and  a  spatula.  For  the  slab  the 
ordinary  pill  tile  can  be  used,  although  more  l^dsome  forma  of  slabs, 
made  of  plate  glass,  are  obtainable  (Fig.  220).  Some  years  since,  the  use 
of  pads  of  parchment  paper  was  suggested  instead  of  the  slab,  the  idea 
being  that,  after  the  finishing  of  each  ointment,  the  sheet  of  paper  on  whicit 
the  ointment  was  worked  up  would  be  torn  off  and  thrown  away.  Tlas 
scheme,  however,  is  not  very  satisfactory,  inasmuch  as  in  many  cases  it  is 
advisable  to  triturate  the  chemicals  incorporated  in  the  ointment  with 
considerable  pressure,  and  the  excuse  for  the  use  of  the  paper  pad — saving 
the  trouble  of  cleaning  the  ointment  slab — was  scarcely  worth  notice. 

The  spatulas  used  in  incorporating  ointments  should  be  long  and  pli- 
able, those  made  of  nickel-plated  steel  being  preferable.  The  irpn  spat- 
ula, however,  can  be  used  in  all  cases  with  those  chemicals  which  will 
not  attack  iron,  but  must  not  be  used  in  making  citrine  ointment  (con- 
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taining  nitric  acid)  nor  iodine  ointment.  For  the  latter  purpose  the 
steel  spatula,  coated  with  giitta-[>ercha  or  rubber,  is  very  well  adapted, 
although  the  objection  to  such  gutta-percha  spatulas  is  their  tendency  to 
peel.  In  preparing  the  ointment  by  incorporation  on  the  slab  the  chem- 
icals, whicn  should  be  in  a  very  fine  divided  form,  are  further  subdivided 
by  the  process  of  levigation,  using  the  end  of  the  spatula  blade  in  place  of 
of  the  muUer,  and  a  portion  of  the  ointment  base  as  the  lubricator.  In 
the  making  of  the  ointment  of  the  red  mercuric  oxide  the  chemical  is  to 
be  levigated  with  water  with  the  gutta-percha  spatula — in  this  caae  it 
being  essential  that  the  chemical  be  reduced  to  the  finest  possible  form  of 
powder 

table  of  official  omtmerts 
(All  Galenic  Excbpt  Ointment  op  Mercuric  Nitrate) 
ProceM  Bate 

Fuuon.  Laid. 

BenEoinat«d  lard. 


Benzoiiiat«d  lard  and  white 

Lard  and  yellow  wax. 

Ointment. 

White  petrolatum  and  paraf- 
fin. 

Expressed  oil  o(  almond, 
apermaccti,  and  white  wax. 

White  petrolatum. 

Benzoinat«d  lard. 


Preparations 
Ointment  of  mercuric  nitrate. 
Ointment  of  cbryaarobin. 
Ointment  of  tine  oxide. 
Ointment. 

Tar 


Ointment  of  rose  water. 

Diachylon  ointment. 
Iodoform  ointment. 
Iodine  ointment. 
Sulphur  ointment. 
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Benzoinated  lard  and  pre-  Mercurial  ointment. 

pared  suet. 

Benzoinated   lard  and   hy-  Belladonna  ointment. 

drous  wool-fat.  Stramonium  ointment. 

Ointment  (U.S. P.).  Ointment  of  nutgall. 

Ointment  of  tannic  acid. 

Petrolatum.  Blue  ointment. 

Petrolatum     and     hydrous  Ointment  of  yellow  mercuric 

wool-fat.  oxide. 

White  petrolatum  and  hy-  Ointment    of    ammoniated 

drous  wool-fat.  mercury. 

SPECIAL  JVOTES  ON  OFFiaAL  OINTBIENTS 

UNGUENTpM— Ointment 

ft 

(Ung. — Simple  Ointment) 

Condensed  Recipe. 

Melt  200  Gm.  white  wax,  add  800  dm.  benzoinated  lard,  heat  until  entirely  fluid, 
then  stir  until  solid. 

Remarks. — This  preparation,  commonly  called  simple  oinimentf  is 
used  almost  entirely  as  a  base  for  medicated  ointments.  As  seen  from 
above  table,  it  is  so  employed  in  three  of  the  ointments  of  the  present 
pharmacopoeia.  Note  the  pharmacopoeial  permission  to  increase  the 
amount  of  wax  employed,  when  climatic  conditions  render  such  a  step 
advisable. 

UNGUENTUM  ACIDI  BORICI— Ointment  of  Boric  Acid 

(Ung.  Acid.  Bor.) 

Condensed  Recipe, 

Melt  50  Gm.  paraffin,  add  850  Gm.  white  petrolatum,  heat  until  entirely  fluid. 
Then  pour  little  by  little  upon  100  Gm.  pjowdered  boric  acid  contained  in  a  warm 
mortar,  triturating  until  a  smooth  solid  ointment  results.  For  details  see  U.S.  P., 
p.  476. 

Remarks. — This  oflicial  contains  10  per  cent,  of  boric  acid  in  an  oint- 
ment base  consisting  of  paraffin  and  white  petrolatum. 

UNGUENTUM  ACIDI  TANNICI— Ointment  of  Tannic  Acid 

(Ung.  Acid.  Tann.) 

Condensed  Recipe. 

Dissolve  20  Gm.  tannic  acid  in  20  Gm.  glycerin  by  use  of  gentle  heat  and  then 
mix  with  60  Gm.  ointment. 

Remarks, — This  ointment  is  made  by  combining  a  glycerinic  solution 
of  tannin  with  simple  ointment.  Iron  vessels  must  be  avoided  in  its 
manufacture,  since  tannate  of  iron  would  form  and  the  product  would 
blacken. 

UNGUENTUM  AQXJM  ROSiE— Ointment  of  Rose  Water 

Recipe  and  details  of  manipulation  will  be  found  in  Part  VII. 

Remarks. — This  popular  face  salve,  commonly  called  cold-cream^  has 
the  one  drawback  of  rapidly  turning  rancid;  hence  the  demand  for  a 
theatrical  cold-cream  for  use  by  actors  for  cleansing  the  face  from  paints, 
and  which  will  keep  perfectly. 

This  is  solved  by  the  substitution  of  liquid  petrolatum  for  the  ex- 
pressed oil  of  almond  in  the  official  recipe,  though  it  is  needless  to  say  such 
a  cold-cream  should  not  be  used  in  prescriptions. 
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UNGUENTUM  BELLADONN.fi— Belladonna  Ointment 

(Ung.  BelladO 

Condensed  Recipe, 

Rub  10  Gm.  pilular  extract  of  belladonna  leaves  with  5  mils  of  diluted  alcohol; 
then  mix  with  30  Gm.  hydrous  wool-fat  and  finally  with  55  Gm.  benzoinated  lard. 

Remarks. — ^In  preparing  this  ointment  the  wool-fat  is  used  to  facili- 
tate the  absorption  by  the  skin  of  the  alkaloids  of  the  extract. 

UNGUENTUM  CHRYSAROBINI— Chrysarobin  Ointment 

(Ung.  Chrysarobin.) 

Condensed  Recipe, 

Rub  6  Gm.  chrysarobin  with  94  Gm.  melted  benzoinated  lard.     Heat  mixture  on 
water-bath  for  twenty  minutes,  strain  and  stir  until  solid. 

Remarks. — This  is  made  by  digesting  chrysarobin  in  melted  lard  on  a 
water-bath  for  twenty  minutes  and  then  stirring  untU  congealed. 

UNGUENTUM  DIACHYLON— Diachylon  Ointment 

(Ung.  DiachyL) 

Condensed  Recipe. 

Melt  50  Gm.  lead  plaster  with  49  Gm.  white  petrolatum.     Strain,  add  oil  of 
lavender  and  stir  until  solid.     For  details  see  U.S. P.,  p.  478. 

Remarks. — This  is  lead  plaster  softened  with  white  petrolatum  and 
flavored  with  oil  of  lavender. 


UNGUENTUM  6ALLA— Nutgall  Ointment 

(Ung.  Gall.) 

Condensed  Recipe. 

Rub  20  Gm.  powdered  nutgall  with  80  Gm.  ointment. 

Remarks. — ^Like  ointment  of  tannic  acid,  and  for  the  same  reason, 
metallic  utensils  must  not  be  used  in  making  this  ointment. 

UNGUENTUM  HYDRARGYRI— Mercurial  Ointment 

(Ung.  Hydrarg.) 

Condensed  Recive, 

Triturate  500  Gm.  mercury  with  20  Gm.  oleate  of  mercury.  After  standing  fif- 
teen minutes  add  about  25  Gm.  of  a  melted  mixture  of  benzoinated  lard  (250  Gm.^and 
prepared  suet  (230  Gm.)  and  triturate  until  the  mercury  is  extinguished.  Then 
add  the  rest  of  the  melted  fats  and  mix  well.     For  details  see  U.S.P.,  p.  479. 

Remarks. — Mercurial  ointment  is  prepared  on  the  same  principle 
as  blue  mass,  in  that  the  mercury  is  finely  divided  and  prevented  from 
running  together  by  coating  each  minute  globule.  In  this  ointment  the 
merciu'y  is  extinguished  with  oleate  of  merciu'y  and  the  globules  are 
covered  with  lard  and  suet.     Note  that  the  globules  must  not  be  visible 
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under  a  microscope  magnifying  ten  diameters.  Note  that  the  present 
pharmacopoeia  provides  an  assay  for  the  mercury  that  it  contains.  (See 
Part  y.) 

This  50  per  cent,  ointment  is  no  longer  called  blue  ointment,  a  diluted 
33  per  cent,  form  having  been  introduced  at  the  eighth  revision  for  dis* 
pensing  under  that  synonym.     (See  below.) 

UNGUENTUM  HYDRARGTRI  AMMONIATI— Ointment  of  Ammon- 

iated  Mercury 

(Ung.  Hydrarg.  Ammon. — White  Precipitate  Ointment) 

Condensed  Recipe. 

Ingredients. — ^Ammoniated  mercury,  10  Gm. ;  white  petrolatum,  50  Gm. ;  hydrous 
wool-fat,  40  Gm. 

MantpuUUion. — ^Rub  the  ammoniated  mercury  with  part  of  the  melted  white 
petrolatum,  then  with  the  rest  and  lastly  with  the  wool-fat. 

Remarks. — This  preparation — called  white  precipitate  ointment — is 
made  partly  by  fusion  and  partly  by  incorporation;  that  is,  the  ammo- 
niated mercury  is  rubbed  with  melted  petrolatum  and  then  with  unmelted 
hydrous  wool-fat.  Petrolatum  alone  is  but  slightly  absorbed  by  the  skin. 
Combined  with  wool-fat  it  is  fairly  absorbable. 


UNGUENTUM  HYDRARGTRI  DILUTUM— Diluted  Mercurial  Oint- 
ment 

(Ung.  Hydrarg.  DiL — ^Blue.  Ointment  Hydrargyri  unguentum  P.  I.) 

Condensed  Recipe. 

Mix  600  Gm.  mercurial  ointment  with  400  Gm.  petrolatum.  Yellow  wax  may  be 
added  to  the  petrolatum  in  warm  climates.     For  details  see  U.S.P.,  p.  479. 

Remarks. — ^This  new  official  was  introduced  to  give  pharmacopoeial 
sanction  to  the  custom  of  dispensing  a  33  per  cent,  merciuial  ointment 
on  calls  for  "blue  ointment."  It  is  commercially  called  "mercurial 
ointment  J^."  The  use  of  petrolatum  as  a  diluent  is  intentional,  since 
the  preparation  is  intended  as  an  application  for  destroying  body  vermin 
and  is  not  applied  for  the  absorption  of  mercury  through  the  skin. 


UNGUENTUM   HYDRARGTRI   NITRATIS— Ointment   of   Mercuric 

Nitrate 

Recipe  and  details  of  manipulation  and  full  explanation  of  the  chem- 
istry of  this  important  preparation  will  be  found  in  Part  VII. 

UNGUENTUM  HYDRARGTRI  OXIDI  FLAVI— Ointment  of  Tellow 

Mercuric  Oxide 

(Ung.  Hydrarg.  Oxid.  Flav.) 

Condensed  Recive. 

Triturate  10  Gm.  finely  powdered  yellow  mercuric  oxide  with  10  Gm.  water  to  a 
smooth  paste.  Then  rub  with  40  Gm.  hydrous  wool-fat  and  lastly  with  40  Gm. 
petrolatum.     For  details  see  U.S.  P.,  p.  480. 

Remarks. — Made  by  levigating  the  oxide  with  water  and  then  tritu- 
rating with  wool-fat  and  petrolatum.     As  to  smoothness,  see  p.  330. 
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UNGUENTUM  lODI— Iodine  Ointment 
(Ung.  lodi) 

Condensed  Recife, 

Dissolve  4  Gm.  iodine  and  4  Gm.  potassium  iodide  in  12  Gm.  glycerin  and  then 
incorporate  with  it,  80  Gm.  benzoinated  lard.    For  details  see  U.S.P.,  p.  481. 

Remarks. — The  iodine  in  this  preparation ,  as  in  the  compound  solu- 
tion of  iodine,  is  made  soluble  by  the  use  of  potassium  iodide.  Note  that 
the  rubber-coated  spatula  should  be  used  for  mixing. 

UNGUENTUM  lODOFORMI— Iodoform  Ointment 

(Ung.  lodof.) 

Condensed  Recipe, 

Triturate  10  Gm.  iodoform  with  90  Gm.  benzoinated  lard,  added  little  by  little. 
For  details  see  U.S.  P.,  p.  481. 

Remarks. — The  odor  of  the  iodoform  can  be  removed  from  the  mortar 
by  burning  alcohol  therein  (p.  262).  How  the  odor  may  be  partially 
masked  is  suggested  under  Iodoform. 

UNGUENTUM  PHENOLIS— Ointment  of  Phenol 
(Ung.  Phenol. — Ointment  of  Carbolic  Acid) 

Condensed  Recipe, 

Melt  97.75  Gm.  ointment  and  stir  into  it  2.25  Gm.  phenol.  For  details  see  U.S.P., 
p.  481. 

Remarks. — This  preparation  is  a  2^  per  cent,  mixture  of  phenol  with 
white  petrolatum  and  is  known  as  ointment  of  carbolic  acid. 

Some  pharmacists  still  dispense  as  carbolic  salve  ointment  of  carbolic 
acid  (U.S.P.  1890),  which  contained  5  per  cent,  phenol  with  Ointment 
(U.  S.  P.  1890). 

UNGUENTUM  PICIS  LIQUID4E— Tar  Ointment 

4 
» 

(Ung.  Pic,  LiqO 

Condensed  Recipe, 

Melt  160  Gm.  yellow  wax,  then  add  350  Gm.  lard  and  warm  until  entirety  fluid; 
add  to  500  Gm.  warmed  tar,  mix  well,  strain  and  stir  until  solid.  For  details  see 
U.8.P.,  p.  482. 

UNGUENTUM  STRAMONII— Stramonium  Ointment 

(Ung.  Stramon) 

Condensed  Recipe, 

Identical  with  that  for  belladonna  ointment  except  the  use  of  pilular  extract 
of  stramonium  and  the  proportion  of  hydrous  wool-fat  and  of  benzoinated  lard 
(20:65). 

Both  ointments  contain  10  per  cent,  of  the  characteristic  extract. 

Remarks. — This  ointment  is  not  the  same  as  the  ointment  of  stramo- 
nium of  the  pharmacopceia  of  1890  which  was  made  from  extract  of  stramo- 
nium seed. 
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UNGUENTUM  SULPHURIS— Sulphur  Ointment 

(Ung.  Sulphur.) 

Cmderued  Redpe. 

Rub  150  Gm.  sublimed  sulphur,  with  850  Gm.  beDzoiuated  lard.  For  details 
lee  L',S.P.,  p.  482. 

Remarks. — The  ointment  of  the  present  pharmacopceia  contains  juat 
one-half  as  much  sulphur  (15  per  cent.)  as  did  the  ointment  of  the  phar- 
macopoeia of  1890. 

UNGUENTUM  ZINCI  OXIDI— Ointment  of  Zinc  Oxide 
(Ung.  Zinc.  Ox. — Zinc  Ointment) 

lard  &nd  triturate  about  200  G  i 

e  from  grit).     Then  iiicorporat«  the  rest  of  the  lard. 

Remarks. — In  order  to  make  this  ointment  (zinc  salve)  perfectly 
smooth  and  absolutely  free  from  grit  it  is  necessary,  first  of  all,  that 
the  zinc  oxide  be  the  pure  official  product,  and  not  the  gritty  white 
zinc  oxide  which  sells  at  low  prices  as  a  pigment.     (See  p.  483.) 

Kspensing  Ointments. — The  finishing  and  dispensing  of  ointments 
and  cerates  is  a  matter  requiring  attention.     In  the  first  place,  it  should 


F^(.  S3t.— TinoiDtmeDt   box.  Fig.  222.— OinlmeDt  lor. 

be  borne  in  mind  that  the  ointments,  especially  those  made  of  benzoinated 
Urd,  have  a  tendency  to  become  rancid,  and  such  rancid  ointments  should 
never  be  dispensed;  hence  incorporated  ointments  should  be  prepared 
freshly  as  required.  Nor  should  an  ointment  be  dispensed  containing  the 
slightest  quantity  of  grittinesa,  and  to  prevent  this  it  is  necessary  to  rub 
the  medicinal  substance  thoroughly  with  a  small  quantity  of  the  fatty 
matter  before  incorporating  the  entire  amount.  This  applies  particularly 
to  the  ointments  containing  either  of  the  two  oxides  of  mercury,  both  of 
which  are  usually  applied  in  cases  of  granulated  eyehds.  If  any  of  the 
particles  of  mercuric  oxide  be  still  in  the  gritty  form,  it  is  sure  to  produce 
irritation.    Hence  the  necessity  of  an  absolutely  smooth  ointment. 

As  to  the  dispensing  of  the  ointment,  it  should  never  be  sent  out  in  a 
"ooden  box  unless  the  wood  of  which  it  is  made  is  prepared  so  as  to  be 
'mpervioiu  to  grease.     Even  in  dispensing  small  quantities  of  ointment 
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over  the  counter  a  wooden  box  should  never  be  used,  as  grease  soon  pene- 
trates the  wood,  and  the  purchaser  has  a  greasy  package,  which  is  an 
abomination.  For  small  retail  sales  the  pressed  tin  box  (Fig.  221) 
should  be  used  exclusively. 

In  dispensing  ointments  on  prescriptions  one  of  the  several  varieties 
of  ointment  jars  (Fig.  222)  should  be  used.  These  usually  consist  of  a 
glass  jar  with  a  metallic  cover  fastening  to  jar  by  a  screw-joint.  The 
cover  is  nickel  plated,  and  the  label  should  be  pasted  to  the  side  of  the 
glass  jar.  If  it  is  desirable  to  use  a  rounded  label  on  the  cover,  the  form  of 
ointment  box  shown  in  Fig.  223  should  be  used.  When  the  label  is 
placed  on  the  side  of  the  glass  jar  it  invariably  becomes  greasy  while  in 
the  cover  just  mentioned  it  is  protected  on  top  by  a  transparent  sheet  and 
underneath  by  card-board  impervious  to  grease,  and  the  label  will, 
therefore,  remain  fresh  for  a  long  time.  A  recent  and  rather  satisfactory 
way  of  dispensing  ointments  is  in  collapsible  tubes  (Fig.  224),  being  espe- 
cially convenient  for  the  person  who  expects  to  carry  an  ointment  around 
with  him.  Filling  such  tubes  is  best  done  by  rolling  the  ointment  in 
waxed  paper,  slipping  the  roll  into  the  tube  and  then,  after  pressing  the 


paper  firmly  between  thumb  and  forefinger  of  left  hand  slowly  pulling  the 
paper  out  with  the  right  hand  thus  leaving  the  ointment  in  the  tube.  A 
special  device  called  "Faltfona"  is  used  in  Germany  for  this  purpose. 

In  this  connection  it  might  be  well  to  cite  a  novel  method  of  dispens- 
ing a  mercurial  ointment  now  in  vogue,  which  consists  in  placing  in  soft 
gelatin  capsules  sufficient  of  the  ointment  for  one  rubbing,  the  set  of 
capsules  being  carried  around  in  a  pill  box  in  the  vest-pocket. 

Old-time  pharmacists,  after  placing  the  ointment  in  an  ointment,  box, 
invariably  "finished"  them  by  ornamenting  the  surface  exposed  to  the 
air  with  fanciful  designs.  These  designs  were  made  with  specially  cut 
pieces  of  tin  (Fig.  225),  which  was  held  firm  while  the  ointment  in  the 
jar  was  gradually  rotating  under  it.  This  idea  was  admirable  in  showing 
the  purchaser  whether  the  ointment  had  been  tampered  with  by  the 
messenger,  but  is  now  ra^udly  becoming  obsolete,  the  pharmacist  and 
purchaser  depending  more  on  the  extemtu  appearance  of  the  package  for 
signs  of  tampering. 

Preservation  of  Ointments. — Ointments  should  be  stored  in  a  cool 
place,  preferably  in  a  refrigerator. 
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Unguentuin  solubile  is  an  ointment  base  suggested  by  Stephan.  This  consists 
of  a  jelly  made  by  triturating  3  Gm.  of  powderedtragacanth  with  5  Gm.  of  alcohol, 
then  adding  50  Gm.  of  glycerin  and  42  Gm.  of  water. 

OINTMENTS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


English  name 
or  synonym 


T 


Ingredients 
(figures  show  amount  used  in  100  Gm.) 


Remarks 


Unguentum       cala- 
mine. 


Turner's  cerate. 


Unguentum      cam-    Camphor      oint- 
pnortt.  I    ment. 


Unguentum  fuscum.    Mother's  salve. 


I 


Unguentum     hvdr- 
argyri  ozidi  rubri. 


Unguentum       picis 
oompositum. 


Ointment  of  red 
mercuric  oxide 
(U.S.P.  VIII). 

Compound  tar 
ointment. 


Unguentum  plumbi 
iodidi. 

Unguentum  potassii 
iodidi. 


I 


Ointment  of  lead 
iodide. 

Ointment  of  po- 
tassium iodioe 
(U.S.P.  VIII). 


UnjEuentum     resor-    Compound  resor- 
anolis      composi-  i    cinol  ointment, 
tum.  I 


Unguentum  sul- 
pburis  alkallnum. 

Unguentum  sul- 
phuris  composi- 
tum. 

Un^entum  vera- 
tnnn. 


Unguentum       sinci 
stearatis. 


Alkaline  sulphur 
ointment. 

Wilkinson's  oint- 
ment. 


Veratrine  oint- 
ment (U.S.P. 
VIII). 

Ointment  of  sine 
stearate  (U.S.P. 
VIII). 


Prepared  calamine,  17  Gm.;  ointment. 


Camphor  22  Gm.;  white  wax;  lard. 


Camphorated  brown  plaster,  50  Gm.; 
olive  oil;  prepared  suet. 

Red  mercuric  oxide,  10  Gm.;  water; 
hydrous  wool-fat;  petrolatum. 

Oil  of  tu-,  4  Gm.;  tincture  of  bensoin; 
sine  oxide;  yellow  wax;  lard;  cotton- 
seed oil. 

Lead  iodide,  10  Gm.;  bensoinated  lard. 


Potassium  iodide,  10  Gm.;  sodium  thio- 
sulphate;  water;  bensoinated  lard. 


Also  called  unguenF' 
tum  nnei  ccurbonaH^ 
ifnpuri. 

Called  pomade  eam^ 
phree  in  French 
speaking  countries. 
Contains  1 1  times 
more  camphor  than 
does  cerate  of  cam- 
phor, N.F. 

Also  called  ungtun' 
tum  matrU. 

Also  called  red  pre^ 
cipitate  ointment. 


Resorcinol,  6  Gm.;  sine  oxide;  bismuth 
subnitrate;  rectified  oil  of  birch  tar; 
yellow  wax;  petrolatum;  anhydrous 
wool-fat;  glycerin. 

Sublimed  sulphur,  20  Gm.;  potassium 
carbonate;  water;  bensoinated  lard. 

Precipitated  calcium  carbonate;  sub- 
limed sulphur,  15  Gm.;  oil  of  cade; 
soft  soap;  lard. 

Veratrine,  4  Gm.;  expressed  oil  of  al- 
mond; bensoinated  lard. 


Zinc  stearate,  50  Gm.;  white  petrola- 
tum. 


Sodium  thiosulphate 
used  to  decolorise 
iodine  liberated 
from  the  iodide. 
Should  be  freshly 
prepared. 

Similar  to  the  pro- 
prietar]^  ointments 
containing  resor- 
cinol. 


Also    called    Hebra*e 
itch  ointment. 


SOLID  PETROXOLINS 

In  addition  to  the  liquid  petroxolins,  those  liquid  petrolatum  preparations  re- 
sembling liniments  (see  p.  267),  the  National  Formulary  provides  recipes  for  two 
solid  petroxolins,  wMch  are  forms  of  petrolatum  ointments  containing  ammonium 
oleate. 

Petrozolinum  Spissum  (N.F.)  is  prepared  melting  together  white  wax  and  light 
liquid  petrolatum,  adding  oleic  acid  to  the  mixture  and  tnturating  the  fused  fats  in 
a  warm  mortar  with  a  mixture  of  alcohol  and  stronger  ammonia  water.  It  is  per- 
fumed with  oil  of  lavender. 

Petrozoliniun  Hydrargyri  (N.F.)  or  mercury  petrox,  is  prepared  by  extinguishing 
mercury  with  hydrous  wool-fat  and  oleic  acid  and  then  mixing  with  solid  petroxolin. 
It  contains  30  per  cent,  of  mercury. 

mUNCTIONS 

/nuncto  are  ointments,  in  which  hydrous  wool-fat  is  the  main  fatty  constituent. 
They  contain  medicaments  intended  to  be  quickly  absorbed  by  the  skin  and  in  many 
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cases  are  designed  to  produce  local  irritation.    They  resemble  the  "analgesic  balsams 
which  are  popular  in  Europe.     The  National  Formulary  recognizes  the  following: 

Inunctum  Mentholis  (N.F.)  is  made  by  incorporating  menthol  (5  per  cent.)  in 
hydrous  wool-fat. 

Inunctum  Mentholis  Compositum  (N.F.)  contains  menthol  (5  per  cent.),  methyl 
salicylate  (10  per  cent.)  and  hydrous  wool-fat.  Inunctions  are  best  dispensed  m 
collapsible  tub^i. 

DERMATOLOGIC  PASTES 

The  National  Formulary  recognizes  under  the  title  pctstm  dermatologies  ointment- 
like mixtures  of  starch,  dextrin,  zinc  oxide,  sulphur,  etc.^  made  into  a  paste  with 
glycerin,  soft  soap,  petrolatum,  lard  or  other  fats.  Recipes  for  the  following  are 
given: 

Pasta  Deztrinata  (N.F.)  a  basic  paste  made  from  white  dextrin,  glycerin  and 
water. 

Pasta  Betanaphtholis  (N.F.)  or  Lassar^s  naphihol  paste,  made  from  beta-naphthol 
(10  per  cent.),  precipitated  sulphur,  petrolatum  and  soft  soap. 

Pasta  Resordnoiis  Fortis  (N.F.)  or  Lassar*8  airanaer  reaorcinol  pcLste,  made  from 
resorcinol  (20  per  cent.),  zinc  oxide,  starch  and  light  liquid  petrolatum. 

Pasta  Resordnoiis  Mitis  (N.F.)  or  Lassar's  mild  resorcinol  paste  made  like  the 
foregoing  except  that  the  resorcinol  content  is  10  per  cent. 

Pasta  Zind  (N.F.)  or  Laaaar's  zinc  paste^  made  of  salicylic  acid,  zinc  oxide  (24 
per  cent.),  starch  and  petrolatum. 

Pasta  Zind  Mollis  (N.F.)  or  Unna's  soft  zinc  paste,  made  from  zinc  oxide  (25  per 
cent.),  precipitated  calcium  carbonate,  linseed  oil  and  lime  water. 

Pasta  Zind  Sulphurata  (N.F.)  or  Unna*s  stdvhurated  zinc  paste,  made  from  zinc 
oxide  (15  per  cent.},  precipitated  sulphur,  purined  siliceous  earth  and  benzoinated 
lard. 

Unna  recommends  in  certain  cases  where  a  protective  coating  containing  medicinal 
substances  is  indicated.  Casein  varnishes.  According  to  Hager  such  a  varnish  or 
paste  can  be  made  either  by  digestin^j  5  Gm.  of  casein  with  0.6  Gm.  of  borax  and  25 
Gm.  of  water  or  else  1  part  of  casein  is  dissolved  in  3  parts  of  25  per  cent,  ammonia 
water,  the  solution  mixed  with  1  part  of  gl^rcerin  ana  heated  on  a  water-bath  until 
the  excess  of  ammonia  is  driven  off,  after  which  2  parts  of  boiling  water  are  added  to 
the  residue  and  triturated  until  a  smooth  paste  results. 

MULLS  OR  STEATINS 

These  are  ointments  of  high  fusing  points,  containing  the  desired  medicinal  agents 
and  spread  on  soft  muslin  or ' '  mull. ' '  The  National  Formulary  gives  a  general  formula 
for  mulls,  under  the  title  MuUcb  in  which  the  method  of  spreading  is  described  at  some 
detail.     It  also  gives  monographs  on  the  following  special  mulls. 

Mulla  Addi  Salicylici  (N.F.)  made  by  mixing  salicylic  acid  (10  per  cent.)  with 
benzoinated  lard  and.  benzoinated  suet. 

Mulla  Creosoti  Salicylata  (N.F.)  made  from  salicylic  acid  (10  per  cent.),  creosote 
(20  per  cent.),  yellow  wax  and  benzoinated  suet. 

MuUa  Hydrargyri  Chloridi  Corrosivi  (N.F.)  made  by  dissolving  corrosive  mercuric 
chloride  ^e  of  1  per  cent.)  in  alcohol  and  mixing  the  solution  with  benzoinated 
lard  and  oenzoinat^d  suet. 

Mulla  Zind  (N.F.)  made  by  mixing  zinc  oxide  (10  per  cent.)  with  the  fats  just 
mentioned. 

GLYCEROGELATINS 

These  are  soft  masses  containing  medicinal  substances  used  in  dermatological 

Practice  made  with  glycerinated  gelatm  U.S.?.  is  a  vehicle.  They  are  firm  enough  to 
e  molded  and  yet  melt  at  the  body  temperature.  The  National  Formulary  recog- 
nizes the  following: 

(Mycerogelatinum  Addi  Salicylici  (N.F.)  is  made  by  fusing  glycerinated  gelatin, 
glycenn,  distilled  water  and  salicylic  acid  (10  per  cent.)  and  then  pouring  the  homo- 
geneous mixture  into  chilled  molds. 

Glycerogelatinum  lodoformi  (N.F.)  contains  in  molded  form,  glycerinated  gelatin, 
glycenn,  distilled  water  and  iodoform  (lOper  cent.) 

Glycerogelatinum  Zinci  Durum  (N.F.)  contains  in  molded  form,  glycerinated 
gelatin,  glycerin,  distilled  water  and  zmc  oxide  (10  per  cent.). 

Glycerogelatinum  Zinci  Molle  (N.F.)  differs  from  the  foregoing  frm  zinc  glycero- 
gelatin,  onl>r  in  the  proportion  of  glycerinated  gelatin  and  ^lycerm.  In  tne  firm 
glycerogelatin  the  proportion  is  30  to  25;  in  the  soft  variety  it  is  20  to  35. 
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PASTE  PENCILS 

SHU  pUubilesor  Unna'a  pencils  are  prepared  by  incorporating  the  medicinal  agent 
something  used  in  dermatology)  with  a  paste  consisting  of  starch  and  other  adhesive 
naterials.  The  mass  is  rolled  into  thin  cylinders  (about  ^  inch  in  diameter  as  in 
D&kin^  pills  and  then  cut  into  sections  about  2  inches  long  and  after  drying,  each 
Kncil  18  wrapped  in  tin  foil.    The  National  Formulary  recognizes: 

Stili  Ad^  Salicylici  Bilublles  (N.F.)  or  salicylic  add  pencil;  the  mass  of  which 
x)Dt&ins  salicylic  acid  (10  per  cent.)  tragtcanth,  starch,  white  dextrin,  and  sugar. 
Distilled  water  is  used  as  the  excipient.    Each  pencil  will  weigh  slightly  over  2  Gm. 

CATAPLASMS 

Cataplasms  or  poultices  are  wet  masses  of  solid  matter  applied  to  the  skin  for  the 
purpose  of  reducing  inflammation,  or  in  other  cases  to  act  as  counter-irritants. 

The  solid  matter  used  as  the  base  is  chosen  with  a  view  to  its  capacity  to  absorb 
water.  Thus  the  base  of  the  one  official  catai)la8m.is  clay,  while  mucilaginous  drugs, 
Buch  as  grotmd  flaxseed,  are  valuable  as  poultice  bases. 

If  the  poultice  is  intended  to  reduce  mflammation,  the  proper  base  is  one  devoid 
of  medicinal  action,  and  the  poultice  wet  with  cold  liqula  acts  similarly  to  a  cold 
compress  (that  is.  a  "wad  of  cloth  or  cotton  wet  with  water).  If  intended  to  act  as  a 
counter-irritant,  the  poultice  is  either  applied  hot  or  is  made  from  some  drug  possessing 
rubefacient  properties.  An  illustration  of  the  latter  case  is  formed  in  the  poultice 
made  of  ground  mustard,  which  is  replaced  in  the  pharmacopoeia  by  the  more  elegant 
mustard  paper. 

The  only  cataplasm  mentioned  in  either  the  pharmacopoeia  or  the  Formulary  is: 
Cataplasma  Kiaolini  (U.S.P.  VIII;  N.F.  IV)  wnich  consists  of  a  mixture  of  kaolin, 
boric  acid,  and  glycerin,  flavored  with  thymol,  methyl  salicylate,  and  oil  of  pepper- 
mint, and  which  is  similar  to  a  widely  popular  proprietarjr  preparation  liurgely  pre- 
scribed by  physicians.  It  is  indicated  as  a  local  application  in  a  large  number  of 
inflammatory  diseases,  and  is  also  of  value  as  a  mild  antiseptic  in  minor  woimds. 

PLASTERS 

Plasters  are  solid  preparations  containing  medicinal  substances 
intended  to  be  applied  to  the  skin,  and  of  suflicient  adhesiveness  to 
adhere  firmly.  Plasters  are  different  from  cerates  in  being  practically 
free  from  fats,  and  also  in  the  fact  that  the  cerates,  when  spread  on 
doth  and  applied,  are  not  of  sufficient  adhesiveness  to  stick  firmly  to 
the  skin,  their  removal  being  a  very  simple  matter.  Plasters,  on  the 
other  hand,  made  of  adhesive  or  resinous  substances,  stick  very  firmly 
to  the  skin;  in  fact,  so  firmly  that  it  is  sometimes  a  matter  of  difficulty 
to  remove  them. 

As  bases  of  plasters  are  used  gum-resins,  lead-plaster,  resin  plaster, 
Burgundy  pitch,  isinglass,  and,  latterly,  India  rubber.  In  former  years 
the  first-named  plaster  bases  were  used  quite  extensively,  but  during  the 
last  twenty  years  machine-made  plasters  with  rubber  base  have  prac- 
tically driven  the  old-fashioned  type  of  plasters  out  of  the  market,  so  that 
now  the  pharmacist  is  very  rarely  called  upon  to  dispense  a  pharmaco- 

poeial  plaster,  and  the  art  of  spreading  plasters  is  rapidly  becoming  a  lost 

one. 

Before  discussing  the  official  plaster  masses  a  few  words  regarding  the 
nianulacture  of  rubber  plasters  may  not  come  amiss. 

The  original  and  really  satisfactory  India-rubber  plasters  are  made  by 
Kneading  crude  rubber  with  resinous  substances,  such  as  gum  olibanum, 
^kiL*  plastic  mass  results.  This  kneading  is  accompUshed  by  rolling  the 
rubber  between  spiked  hollow  rollers  heated  by  steam,  the  combination 
of  the  heat  and  the  tearing  effect  of  the  spikes  having  the  result  of  disin- 
tegrating the  rubber  into  a  thick,  tenacious  mass,  with  which  the  oliba- 
^^m  and  other  resinous  mass  combine  admirably.  The  plaster  mass  is 
jflen  spread  on  cloth  by  rolUng  between  hot  plates,  both  heat  and  pressure 
^%  required  to  spread  it  to  the  proper  thickness.     The  making  of  such 
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rubber  plasters  requires  powerful  and  expensive  machinery,  and  scarcely- 
had  the  rubber  plaster  msjiufacture  been  placed  on  a  paying  basis,  before 
other  and  inferior  methods  were  substituted  for  the  original  process.  In 
the  cheaper  methods  the  rubber  is  dissolved  in  the  appropriate  solvent, 
usually  benzin,  and  the  solution  evaporated  down  to  the  consistence  of  a 
soft  extract;  and  when  it  is  spread  on  cloth,  the  surplus  benzin  is  per- 
mitted to  evaporate. 

Such  plasters  are  in  every  way  inferior  to  the  machine-kneaded 
plasters;  the  cohesive  property  of  the  mass  is  less,  and  such  a  plaster, 
on  removal  from  the  back  to  which  it  has  been  applied,  very  frequently 
tears  off,  leaving  patches  of  the  plaster  sticking  to  the  skin. 

Of  the  pharmacopceial  bases,  a  description  had  best  be  left  for  con- 
raderation  under  Special  Notes. 

The  manufacture  of  phuTuacopceial  plasters  may  be  divided  into 
two  parts:  making  the  mass  and  spreading  the  same.  The  making  of 
the  official  plaster  mass  is  usually  a  matter  of  httle  difficulty,  beii^ 
generally  prepared  by  fusing  the  various  constituents  or,  in  some  cases, 
by  softening  them  by  gentle  heat.  The  official  plaster  mass  is  then 
rolled  into  appropriate  sticks,  or  left  in  the  plaster  dippers  in  which 
they  have  been  fused,  until  a  spreaded  plaster  is  called  for. 

The  spreading  of  a  plaster  is  a  matter  calling  for  a  high  degree  of  skill 
and  requiring  much  practice.  Full  details  of  the  spreading  of  a  plaster 
will  be  given  in  Part  VII.  So  here  suffice  it  to  say  that  the  molten  plas- 
ter mass  is  spread  on  plaster  skiit  or  cloth,  the  area,  including  the  dimen- 
sions directed  by  the  physician,  being  inclosed  in  strips  of  paper,  the 
entire  paraphernalia — the  cloth  or  skin  base  and  the  paper — being  firmly 
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fastened  to  a  perfectly  level  table  or  to  a  smooth  board  resting  on  the 
counter  by  means  of  thumb  tacks.  So  soon  as  the  molten  plaster  mass  is 
poured  upon  cloth  or  skin  base,  It  is  spread  by  the  rapid  movement  of  a 
hot,  clean  spatula.  If,  in  spreading,  the  hand  trembles  or  the  plaster 
mass  is  not  warm  enoi^h  to  follow  the  spatula,  an  unsuccessful  plaster 
results. 

In  former  years  there  was  considerable  demand  for  specially  shaped 
plasters,  such  as  those  to  fit  behind  the  ear,  to  cover  the  breast,  or  to 
place  over  the  kidneys.  These  were  spread  on  cloth  by  substituting  for 
the  plain  paper  strips  above  mentioned  a  pattern  made  of  stiff  paper, 
having  cut  out  from  its  center  the  shape  required  for  the  plaster  (Figs.  226, 
227  and  228).  The  details  of  the  spreading  of  the  specially  shaped  plas- 
ters are  exactly  the  same  as  for  an  oblong  plaster. 

In  the  old  times,  when  plaster  spreading  flourished  and  numbers  of 
plasters  were  called  for  in  a  day's  prescription  business,  special  apparatus 
was  devised  for  spreading  plasters  by  hand  on  a  large  scale.     An  exam- 
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pie  of  these  spreading  machines  is  found  in  the  plaster  spreader,  a  picture 
of  which  is  appended  (Fig.  229). 

At  the  present  time  there  are  few  stores  possessing  such,  the  demand 
for  hand-spread  plasters  being  practically 
nil.     Among  the  few  survivors  of  hand- 
spread    plasters    are    the    so-called    fly- 
blisters  (see  below). 

The  decline  in  the  manufacture  of 
plasters  by  the  pharmacist  is  strikingly 
shown  in  the  handling  of  the  subject  in 
the  present  pharmacopoeia.  In  the 
pharmacopoeia  of  1890,  thirteen  plaster 
masses  were  official,  while  in  the  pres- 
ent pharmacopoeia,  although  seven 
plasters  are  official,  only  four  are  sup- 
posed to  be  prepared  by  the  druggist, 
the  other  three  monographs  describing  the  commercial  finished  plaster. 

TABLE  OF  OFFICIAL  PLASTERS 

(All  Galbnio  Except  Lbad  Plaster) 


Fig.  229. — ^Plaster  spreader. 


Process 

Commercial     ready-made 
sprttMl  plaster. 


I^aster    masses 

fusion. 
Spread  plasters. 


made    by 


Base 
Rubber  plaster. 

Rubber  on  paper  or  cloth. 
Lead  oleopalmitate. 
Lead  plaster. 
Rosin  plaster. 
Rubber  plaster. 


Preparations 

Belladonna  plaster. 
Rubber  plaster. 
Mustard  plaster. 
Lead  plaster. 
Rosin  plaster. 
Cantharides  plaster. 
Capsicum  plaster. 


SPECIAL  NOTES  ON  OFFIQAL  PLASTERS 


EMPLASTRUM  BELLADONNAS— Belladonna  Plaster 

(Emp.  Bellad.) 

An  adhesive  plaster  containing  30  per  cent,  of  extract  of  belladonna  leaves  and 
yielding  not  less  than  0.35  per  cent,  nor  more  than  0.40  per  cent,  of  mydriatic  alkaloids. 
Assay. — See  Part  V. 

Remarks, — This  plaster,  for  the  preparation  of  the  mass  of  which  for- 
mer pharmacopoeias  gave  minute  directions,  is  now  permitted  to  be  the 
commercial  machine-spread  commercial  product  made  with  a  rubber 
base.  An  elaborate  assay  is  provided  and  the  alkaloidal  content  must  be 
from  ^5ltoo  ^  '*%oo  of  1  P®r  cent. 

EMPLASTRUM  CANTHARIDIS— Cantharides  Plaster 

(Emp.  Canthar.) 

CondeTued  Recive. 

Spread  cantnarides  cerate  on  a  piece  of  spread  rosin  plaster,  leaving  proper  margin. 
Eachsquarecentimeter  should  contain  0.1  Gm.  of  the  cerate.  Permission  is  given 
to  spread  the  cerate  on  muslin  or  on  paper.     For  details  see  U.S. P.,  p.  134. 

Remarks. — This  new  official  plaster,  the  well-known  fly  blister^  is 
cerate  of  cantharides  spread  on  rosin  plaster.  In  making  it,  a  piece  of 
the  adhesive  plaster  of  the  appropriate  size  is  cut  off  from  the  roll,  the 
area  to  be  covered  inclosed  by  strips  of  stiff  paper,  and  the  cerate  spread 
V  means  of  a  spatula  over  the  exposed  portion  of  the  plaster.  When 
spread,  the  plaster  is  sometimes  finished  by  sprinkling  with  a  small 
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quantity  of  vinegar  of  cantharides  or  a  minute  trace  of  cantharides. 
Cantharides  cerate  is  the  most  satisfactory  method  of  producing  a  blister, 
and  in  inflammatory  diseases  the  fly-blister  is  of  the  utmost  value. 

It  will  be  noticed  that  the  pharmacopoeia  directs  that  each  square 
centimeter  of  plaster  contains  0.1  Gm.  cerate. 

100  centimeters  equal  about  40  inches 

1  centimeter  equals  about  0.4  inch 
0.1  Gm.  equals  1.5432  grains 

1  square  centimeter  equals  0.4  X  0.4  or  1.6  square  inches. 

1.6  square  inches  of  the  plaster  should  contain  about  1.6  grains  of 
cerate.     Hence  1  square  inch  contains  about  1  grain  of  the  cerate. 

EMPLASTRUM  CAPSICI— Capsicum  Plaster 

(Emp.  Capsic.) 

Candenaed  Recipe. 

Oleoresin  oi  capsicum  is  painted  upon  a  piece  of  spread  rubber  plaster.  Each 
15  square  centimeters  of  plaster  should  contain  0.25  Gm.  of  the  oleoresin.  For 
details  see  U.S.P.,  p.  135. 

Remarks. — Explicit  directions  are  given  as  to  spreading  this  plaster 
the  object  being  uniformly  to  distribute  the  oleoresin  of  capsicum  as 
well  as  to  limit  the  amount  of  this  irritating  substance  employed.  The 
oleoresin  is  chosen  in  preference  to  the  drug  becaxise  the  latter,  blended 
with  the  plaster  base,  would  soon  lose  its  activity.  For  this  reason  these 
plasters  should  be  dispensed  freshly  prepared. 

EMPLASTRUM  ELASTICUM— Rubber  PUster 
(Emp.  Elast. — Rubber  Adhesive  Plaster) 

A  mixture  of  rubber,  resins  and  waxes,  with  a  filler  of  an  absorbent  powder,  such 
as  orris  root  or  starch,  mechanically  mixed  and  spread  upon  cotton  cloth  or  other 
fabric. 

Re^Tharks. — This  new  of&cial  represents  the  rubber  sticking  plaster  of  com- 
merce.    Ordinary  sticking  plaster  is  the  official  rosin  plaster  (see  below). 

EMPLASTRUM  PLUMBI— Lead  Plaster 

Recipe  and  details  of  manufacture  of  this  important  plaster  base,  as 
well  as  full  explanation  of  the  chemistry  of  manufacture,  will  be  given  in 
Part  VII. 

EMPLASTRUM  RESIN.£— Rosin  Plaster 

(Emp.  Res. — Rosin  Adhesive  Plaster — Adhesive  Plaster) 

Condensed  Recipe. 

Melt  800  Gm.  lead  plaster  with  60  Gm.  yellow  wax;  then  add  the  rosin  and  when 
liquefied,  strain  and  stir  until  solid.     For  details  see  TJ.S.P.,  p.  135. 

Remarks. — The  above  recipe  marks  a  return  to  the  adhesive  plaster 
of  the  earlier  pharmacopoeias.  The  adhesive  plaster  of  the  last  pharma- 
copoeia containing  only  2  per  cent,  of  rubber  proved  unsatisfactory  and 
therefore  in  the  present  revision,  the  old  rosin  plaster  is  provided  for  and 
an  additional  monograph  is  furnished  for  the  rubber  adhesive  plaster  of 
commerce.  (See  above.)  Rosin  plaster,  when  spread  constitutes  the 
old-fashioned  sticking  plaster.  The  spreading  is  done  by  means  of  a 
special  apparatus  consisting  of  reels  on  one  of  which  the  original  bolt  of 
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doth  is  placed ;  the  unrolled  cloth  passing  between  the  lower  plate  of  stone 
9r  metal,  and  a  receptacle  contaimng  the  melted  plaster  mass;  one  side  of 
the  receptacle  consists  of  a  dull  steel  blade  restmg  ^  or  3^  inch  above  the 
slightly  stretched  cloth.  The  melted  mass  trickles  upon  the  cloth  in  a 
broad  stream,  covering  the  entire  width  of  the  cloth,  save  a  small  marginal 
edge.  As  the  soft  mass  flows  upon  the  cloth  it  is  rapidly  passed  between 
the  spreading  apparatus  described  above,  and  emerges  from  the  same  with 
a  thin  and  unifonn  coating  of  the  plaster  material. 

EMPLASTRUM  SINAPIS— Mustard  Plaster 
(Emp.  Sinap. — Charta  Sinapis,  U.S.P.  VIII — Mustard  Paper) 

A  uniform  mixture  of  black  mustard,  deprived  of  its  fixed  oil,  and  a  solution  of 
rubber,  spread  on  paper,  cotton  cloth  or  other  fabric.  Preserve  it  in  tightly  closed 
containers.      Each  100  sqyare  centimeters  should  contain  2.5  Gm.  demtted  black 

mustard. 

Remarks,— In  former  editions  of  the  pharmacopoeia,  this  plaster  was 
known  as  mustard  paper;  the  only  difference  being  that  in  the  monograph 
just  given  permission  is  given  to  spread  the  material  on  cloth,  as  well  as 
on  paper.    The  plaster  is  prepared  by  mixing  powdered  black  mustard 
(wMch  has  been  freed  from  oil  by  percolation  with  benzin)  with  a  solu- 
tion of  India  rubber  in  benzin  and  carbon   disulphide,  and  spreading 
the  senuliquid  magma  on  a  piece  of  stiff  well-sized  paper  (by  means  of  a 
suitable  brush),  the  pharmacopoeia  requiring  thatlOO  square  centimeters 
of  such  paper  should  contain  not  less  than  2.5  Gm.  of  black  mustard 
deprived  of  oil.     The  object  of  first  extracting  the  mustard  with  benzin 
is  to  free  it  from  the  fixed  oil  naturally  existing  in  the  seed,  and  which,  if 
permitted  to  remain  in  the  mustard  paper,  would  rapidly  cause  it  to 
become  greasy  and  disagreeable  to  handle.     Mustard  paper  {mi^tard 
leapes,  as  they  are  called)  affords  an  elegant  and  convenient  method  of 
applying  the  mustard  plaster.    When  such  a  mustard  leaf  is  dipped  into 
warm  water,  a  chemical  action  sets  up  between  the  ferinent  mjnrosin  and 
the  glucoside  potassium  myronate,  naturally  existing  in  the  mixture,  with 
the  formation  of  the  volatile  oil  of  mustard.     (See  p.  675.)     The  phar- 
macopoeia directs  that  the  leaf  be  dipped  in  warm  water,  since  dipping  it 
in  cold  water  retards  the  chemical  action  to  a  certain  extent.     On  the 
other  hand,  it  is  far  preferable  to  dip  into  cold  water  than  into  hot  water, 
and  under  no  circumstances  should  the  mustard  paper  be  moistened  with 
boiling  water,  as  the  heat  is  sufficient  to  destroy  the  delicate  ferment, 
myrosin,  and  thus  prevent  the  formation  of  the  volatile  oil. 

Mustard  leaves  are  applied  externally  as  a  rubefacient  and  local 
irritant,  being  particularly  adapted  for  cases  of  acute  indigestion. 

EmpUstmm  Ichthyocoike  (U.S. P.,  1890)  is  made  bv  spreading  aqueous  solution  of 
i»Qd|fLg8  by  means  of  a  brush  upon  taffeta,  successive  layers  of  ism^lass  beine  applied 
to  this  fabric  (a  variety  of  siUc)  until  the  coating  is  sufficiently  thick.  The  last  por- 
tion  of  iHingjasB  solution  is  mixed  with  alcohol  and  ^ycerin  and  applied  in  the  same 
maimer.  The  back  of  the  taffeta  is  then  spread  with  tincture  of  benzoin,  and  the 
official  plaster  allowed  to  become  perfectly  dried.  Isinglass  plaster  is  the  well-known 
^vrtrpUuUr,  and  is  intended  for  adhesive  purposes  in  simple  operations,  such  as 
bnnmg  the  two  edges  of  open  cuts  together.    It  has  no  medical  action. 

Smplastnun  Picis  BurgundicaB. — ^This  is  made  by  softening  Burgundy  pitch  with 
yeUow  wax  and  olive  oil.  the  Bursundy  pitch  beins  so  brittle  that,  if  melted  and  spread 
on  cloth  by  itself  and  allowed  to  become  quite  cola,  the  finished  plaster  will  break  very 
quickly.    Burgundy  pitch  plasters  formerly  enjoyed  a  large  sale  under  the  name  of 

Voortnan*9pUisUr, 
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PLASTERS  OF  THE  NATIONAL  FORMULARY 


Latin  name 


EngliBh  name 
or  synonym 


Preparation 


Remarks 


Emplastrum  fus- 
oum  oamphora- 
tum. 


Emplastrum 
onis. 


sap- 


Camphorated 
brown  plaster. 


Soap       plaster 
(UTS-P.  VIII). 


Red  oxide  of  lead  is  boiled  with  olive  oil 
and  then  mixed  with  yellow  wax  and 
camphor  (1  per  cent.)* 

Soap  is  made  into  a  paste  with  water 
and  incorporated  into  melted  -lead 
plaster. 


Also      called      cam- 
pAoroled  mother 

pituler. 


PAPERS 

These  represent  a  class  of  pharmaceuticals  in  which  the  medicine  is  either  spread 
upon  paper  or  absorbed  by  it. 

Charta  Sinapis  (U.S.P.  VIII)  is  now  included  among  the  plasters  (p.  343). 

Charta  Potassii  Nitratis  (U.S.P.  1890;  N.F.  IV)  is  made  by  dipping  white,  unsized 
paper  (either  filter-paper  or  blotting-paper)  into  a  20  per  cent,  aaueous  solution  of 
potassium  nitrate,  ana  drying  the  pieces  so  dipped.  It  is  intended  to  be  burnt  and 
the  vapor  inhaled  in  cases  of  asthma. 

BXBLIOGRAPHY 

Cerates.— (Goulard's)  Wootton,  1,  1910,  265.     (Basilicon)  Wootton-  2,  1910,  282 

OirUmenta, — (Manufacture  and  uses)  Ck>rlett  and  Hopp,  Cleve.  Mea.  «ll.,10,  1911, 
202  and  208:  Sutton.  C.  A.,  2,  1908,  2707;  Stephan,  Dr.  Circ.  55,  1911,  349.  (Dis- 
pensing) Hodgkin,  Ph.  Jl.,  1,  1841,  207;  Beringer.  N.  J.  Ph.  A.,  49,  1913,  78;  Anon.. 
Ap.  Zt.,  22,  1907,  1107.  (Iodine)  Duhamel,  A.J.P.,  6,  1834,  116.  (Theatrical  cold 
cream)  Alpers,  A.Ph.A.,  49, 1901,  614.  (Diachylon)  Vulpius,  A.J.P.,  50,  1879,  597; 
Anon.,  Ch.  Dr.,  81, 1912,  906. 

Cataplaam  of  XooZin.— Stanislaus,  A.Ph. A.,  56,  1908,  69. 

Pto«ter«.— (History)  Medberry,  West.  Dr.,  18,  1896,  105;  Kilmer,  A.J.P.,  82, 
1910,  416.  (Spreading)  Bakes,  A.Ph.A.,  12,  1864,  230;  Rice,  Am.  Dr.,  15,  1886/104. 
(CJourt  plaster)  Liston.  A.J.P.,  13,  1842,  320;  Dieterich,  Am.  Dr.,  16,  1887,  66.  (Mus- 
tard paper)  Anon.,  A.J.P.,  40,  1868,  276;  Anon.,  Ch.  Dr.,  77,  1910,  438.  (Diachylon) 
Peter,  Am.  Dr.,  16,  1887,  22. 


PART  III 


CHAPTER  XXII 


INTRODUCTION 

A  TH0B0T7GH  explanation  of  the  sciences  of  physics  and  chemistry  is 
beyond  the  scope  of  this  work,  and  for  complete  information  on  these 
two  sciences  the  reader  is  referred  to  the  several  works  on  these  subjects 
noted  in  the  Preface  to  this  work. 

There  are,  however,  some  facts  connected  with  these  two  sciences 
the  knowledge  of  ivhich  is  essential  to  a  student  of  the  succeeding  chap- 
ters of  this  work,  and  these  essential  facts  are  here  given. 

MaUer  is  anything  that  has  extension  (possesses  length,  breadth,  and 
thickness)  or  is  appreciable  to  our  senses  (can  be  seen,  felt,  tasted,  or 
smelled).  Thus,  water  is  matter,  and  likewise  anything  else  on  this  earth 
or  in  the  air  around  us,  which  we  can  touch,  which  our  senses  tell  us 
enst  is  matter.     All  matter  is  divided  into  soUds,  liquids,  and  gases. 

A  solid  is  that  form  of  matter  which  holds  a  definite  shape — whose 
molecules  do  not  move  among  themselves. 

A  liquid  is  that  form  which  is  mobile — which  assumes  the  shape  of 
the  vessel  in  which  it  is  placed;  whose  molecules  move  freely  among 
themselves. 

k  gas  is  that  form  of  matter  whose  molecules  tend  to  separate  from 
one  another. 

When  we  call  any  portion  of  matter  a  solid  a  liquid,  or  a  gas,  we 
mean  that  it  usually  assumes  the  form  which  we  call  it.  We  know  that 
water,  usually  a  Uquid,  can  be  frozen  into  a  soUd — ice — or  converted  by 
heat  into  gas — steam.  Such  is  the  case  with  all  other  matter.  Each 
kind  of  matter  can  be  changed  from  the  form  it  usually  assumes — be  it 
solid,  liquid,  or  gas — ^into  the  other  two  forms,  although  sometimes  the 
conversion  is  very  difficult. 

Thus,  we  formerly  talked  of  "permanent  gases,'*  by  which  was  meant 
such  gases — air,  for  instance — that  could  not  be  converted  into  the  forms 
o(  liquid  or  solid;  but  lately  not  only  have  the  so-called  "permanent 
gases"  been  turned  into  liquids,  but  into  solids  as  well. 

The  word  '* molecule,^*  used  above,  is  one  of  the  classes  into  which  we 
P^up  matter,  according  as  we  can  divide  it  or  break  it  up.  A  piece  of 
coal  can  be  taken  and  broken  up  into  small  pieces.  These  small  pieces 
can  be  finely  powdered,  and  by  certain  means  we  can  divide  it  still  more 
mmutely.  According  to  how  far  this  division  is  carried  on  we  group 
inatter  into  masses,  molecules,  and  atoms. 

A  mass  is  any  particle  of  matter  appreciable  to  our  senses.     Thus,  a 
Dig  lump  of  coal  or  the  finest  particle  of  its  powder  are  alike  masses. 

A  mokcvle  is  the  smallest  particle  of  matter  than  can  exist  in  a  free 

state. 
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Thus,  if  we  take  a  dye,  dissolve  it  in  water,  and  keep  on  diluting  the 
solution,  the  color  grows  fainter  and  fainter  until  finally  we  reach  a  point 
where  the  tint  almost  disappears.  It  is  at  a  dilution  beyond  this  point 
where  we  get  the  dye  divided  into  its  molecules.  The  eye  can  observe 
some  very  high  dilutions;  thus,  Hoffmann  found  that  one-seven-millionth 
of  a  gramme  of  dye  in  1  mil  of  solution  still  had  a  pink  tint.  Mole- 
cules, however,  are  much  smaller  than  the  above  illustration  would 
indicate.  Van  der  Waals  has  calculated  that  1  gramme  of  hydrogen 
contains  35  X  10^'  molecules,  that  is,  in  1  gramme  there  are  350,0W),- 
000,000,000,000,000,000  or  350  sextillion  molecules,  a  figiu-e  almost 
beyond  the  grasp  of  the  intellect. 

Finally,  we  can  imagine  a  subdivision  so  minute  that  the  dye  is  sepa- 
rated into  the  carbon,  hydrogen,  oxygen,  and  nitrogen  of  which  it  is 
composed.    Then  we  have  reached  the  atom. 

An  atom  is  the  smallest  particle  which  enters  into  a  chemical  combina- 
tion.   An  (Uom  cannot  exid  in  a  free  state. 

According  to  Thomson's  theory,  atoms  consist  of  hoUow  spheres  ("shells")  of 
positive  electricity  containing  eledraru  or  corpusdea  of  each  having  about  H7ooth  of 
the  mass  of  a  hydrogen  atom.  These  electrons  seem  to  be  nothmg  less  than  what 
we  have  hitherto  called  negative  electricity. 

Physics  treats  of  the  molecidar  changes  of  bodies,  while  chemistry 
studies  the  atomic  changes. 

Thus,  we  heat  an  iron  rod.  It  turns  red  and  finally  softens  and  glows 
with  white  light.  But  when  we  allow  it  to  cool,  we  find  it  unchanged. 
In  other  words,  the  molecules  were  temporarily  changed.  The  iron  had 
undergone  a  physical  change. 

We  take  powdered  iron  and  powdered  sulphur  and  rub  them  together, 
when  we  get  a  grayish-yellow  powder  from  which  we  can  separate  the 
iron  with  magnet  or  can  see  its  minute  particles  through  a  microscope. 
Intimate  though  the  incorporation  may  seem,  we  have  merely  a  mechan- 
ical mixture,  the  molecules  of  the  iron  and  of  the  sulphur  being  abso- 
lutely unchanged.  We  heat  this  mixture;  not  merely  do  the  sulphur  and 
the  iron  molecules  undergo  the  physical  change  called  heating,  but  the 
molecules  are  broken  up,  the  atoms  of  which  they  are  composed  enter 
into  the  play,  and,  through  the  breaking  of  the  old  association  and  the 
formation  of  the  new,  we  get  a  steel-gray  solid,  totally  different  from  the 
iron  and  the  sulphur  of  which  it  is  composed,  from  which  the  iron  can 
no  longer  be  obtained  by  the  magnet;  in  which  we  can  no  longer  see  the 
particles  of  iron  by  means  of  the  microscope.  We  have  a  new  compound 
— ^iron  sulphide;  for  the  molecules  of  iron  and  sulphur  have  broken  up, 
their  constituent  atoms  uniting  in  another  combination.  Such  is  a 
chemical  change. 

Many  phenomena  which  we  study  in  pharmacy  are  due  to  attractions 
exerted  between  atoms  or  molecules.  Such  attractions  were  formerly 
called  forces,  and  we  still  speak  of  the  "force  of  gravity,"  the  "force  of 
chemism,"  etc.  The  word  "force"  being  now,  however,  used  in  a  more 
restricted  sense  in  physics,  its  application  in  the  above  cases  is  no  longer 
usual. 

Important  among  these  attractions  are  cohesion,  adhesion,  and 
chemism^ 

Cohesion  is  that  attraction  exerted  between  like  molecules.  Thus, 
when  we  take  two  pieces  of  freshly  cut  lead  and  press  them  together  they 
stick.  Likewise  a  huge  mass  of  lead  holds  together  and  does  not  fall  to 
powder  because  its  molecules  cohere. 
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Adhesion  is  the  attraction  exerted  between  unlike  molecules.  Thus, 
in  sticking  a  label  on  a  bottle  the  molecules  of  the  mucilage  adhere  to 
the  molecules  of  the  paper  on  one  side  and  of  the  glass  on  the  other. 

Chemism  is  the  attraction  exerted  between  atoms.  It  acts  only 
wiOiin  the  molecule,  and  is  exerted  only  between  definite  weights  of 
matter. 

We  have  spoken  of  carbon,  hydrogen,  oxygen,  nitrogen,  sulphur,  and 
iron.  What  are  such  kinds  of  matter?  You  will  notice  that  we  have 
spoken  of  atoms  of  these  kinds  of  matter;  so  you  can  see  that  they  are 
capable  of  very  fine  division. 

Let  us  think  of  a  mass  of  sea-water.  If  we  attempt  to  separate  it 
into  its  constituents,  we  will  find  water,  salt,  magnesium  chloride,  and 
many  other  bodies.  Suppose  we  analyze  the  salt  it  contains.  This  we 
can  divide  into  sodium  and  chlorine.  Turning  our  attention  to  the  sepa- 
rated sodium  and  chlorine:  can  we  break  them  up  as  we  have  the  salt 
or  the  sea-water?  We  cannot,  and  such  matter  that  cannot  be  broken 
into  anything  simpler  we  call  elements. 

An  element  is  matter  that  cannot  be  broken  into  anything  simpler. 
Over  eighty  elements  have  been  isolated,  and  of  these,  less  than  half 
are  of  interest  in  pharmacy. 

A  table  of  those  of  pharmaceutic  importance  wiU  be  found  on  p.  352, 
e^h  accompanied  by  its  symbol,  atomic  weight,  and  valence,  and  grouped 
in  one  of  the  two  columns  according  as  it  is  electropositive  or  electro- 
negative. 

By  symbol  we  mean  an  abbreviation  representing  the  element. 
The  abbreviation  is  usually  the  first  letter  of  the  Latin  name  of  the 
element,  but  when  that  letter  is  already  the  s3rmbol  of  an  element,  then 
a  second  letter  is  added  to  make  the  symbol  distinctive. 

Thus: 

Latin  Symbol 

Carbon.  Garbo.  C. 

Calchmi.  Calcium.  Ca. 

Cerium.  Cerium.  Ce. 

Cobalt.  Cobaltum.  Co. 

Copper.  Cuprum.  Cu. 

Columbiuin  Columbium.  Cb. 

Cadmium.  Cadmium.  Cd. 

Chlorine.  Chlorum.  CI. 

Chromium.  Chromium.  Cr. 

Casium.  Csesium.  Cb. 

This  symbol  does  not  merel;^^  mean  the  element  in  question  in  a  gen- 
eral way,  but  when  written,  indicates  the  quantity  of  the  element.  Thus 
Ca  means  one  atom  of  calcium.  If  we  desire  to  express  any  other  number 
of  atoms,  we  do  so  by  placing  below  and  to  the  right  of  the  symbol  a 
small  Arabic  number  representing  that  quantity. 

Thus,  while  Ca  means  one  atom  of  calcium 
Cat  means  two  atoms  of  calcium 
Cat  means  three  atoms  of  calcium,  etc. 

By  symbolic  formvla  we  mean  a  combination  of  symbols  expressing 
the  composition  of  a  compound  molecule.  Thus,  NaCl  means  one  atom 
of  sodium  and  one  atom  of  chlorine,  making  together  one  molecule  of 
sodium  chloride. 

HtS04  means  two  atoms  of  hydrogen,  one  atom  of  sulphur,  and  four 
atoms  of  oxygen,  making  together  one  molecule  of  sulphuric  acid. 

KNOi  means  one  atom  of  potassium,  one  atom  of  nitrogen,  and  three 
atoms  of  oxygen,  making  together  one  molecule  of  potassium  nitrate. 
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•    ATOMIC  WEIGHT 

The  atomic  weight  of  an  element  is  the  relative  combining  weight  of 
that  element  when  compared  to  hydrogen — the  lightest  of  all  substances 
— as  a  unit. 

Elements  combine  with  each  other  only  in  definite  proportions. 
Thus,  it  has  been  proved,  time  and  again,  that  if  63  Gm.  of  pure  copper 
be  heated  in  a  stream  of  oxygen,  79  Gm.  of  copper  oxide  invariably 
result.  This  shows  that  the  relative  weights  when  copper  and  oxygen 
combine  are  respectively  63  and  16  (63  +  16  =  79). 

But  how  do  the  combining  weights  of  these  elements  compare  with 
hydrogen?  Copper  and  hydrogen  scarcely  unite.  Oxygen  and  hydrogen 
do;  although  the  estimation  of  the  combining  proportions  of  the  two  is 
more  complicated  than  that  between  copper  and  oxygen,  and  an  explana- 
tion is  needed. 

It  is  found  that  two  volumes  of  hydrogen  gas  (let  us  say,  for  example, 
two  pints)  unite  with  one  volume  of  oxygen  gas  (say,  one  pint)  to  form 
water,  and  this  is  still  better  proved  by  the  fact  that  water,  decomposed 
by  electricity,  gives  always  two  volumes  of  hydrogen  to  one  of  oxygen. 

An  Italian  named  Avogadro  framed  a  law  that  equal  volumes  of  dif- 
ferent gases  contained  the  same  number  of  molecules.  Then,  if  water  is 
composed  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen,  and  if, 
further,  both  hydrogen  and  oxygen  contain  two  atoms  in  each  molecule, 
as  will  be  shown  later,  then  the  formula  of  water  is  H2O  and  not  HO. 

Now,  water  is.  composed  of  two  volumes  of  hydrogen  and  one  volume 
of  oxygen.  By  weight,  however,  it  is  made  from  the  proportion  of  one 
gramme  of  hydrogen  and  eight  grammes  of  oxygen.  By  uniting  the  two 
statements  just  made,  it  will  be  seen,  while  there  is  in  water  only  half 
as  many  volumes  of  oxygen  as  of  hydrogen,  the  weight  of  that  quantity  of 
oxygen  is  eight  times  greater  than  the  double  volume  of  hydrogen  em- 
ployed. If  half  weighs  eight  times  as  much,  then  a  whole  (equal  volume) 
would  weigh  sixteen,  and  we,  therefore,  see  that  were  hydrogen  and  oxy- 
gen to  unite  volume  for  volume  the  relative  combining  weights  would  be 
1  to  16.  Since  hydrogen  is  the  lightest  of  all  known  matter,  it  is  given 
the  atomic  weight,  1 ;  therefore,  we  say  that  the  atomic  weight  of  oxygen 
is  16,  and,  by  the  same  reasoning,  that  of  copper  is  63.  By  similar  ex- 
perimentation, some  of  which  was  exceedingly  ingenious,  the  atomic 
weights  of  all  the  elements  have  been  established. 

Atomic  weight  is  sometimes  supposed  to  represent  relative  weight 
of  an  atom  of  the  element  under  consideration,  but,  as  we  have  never 
obtained  a  free  atom  of  any  element,  that  definition  of  atomic  weight 
had  better  be  dropped. 

It  will  be  noticed,  in  the  table  of  elements  given  on  p.  352,  that  the 
atomic  weights  are  expressed  in  round  numbers,  while  the  atomic  weights 
given  in  the  pharmacopoeia  and  other  standard  works  are  figures  with 
decimal  fractions  attached. 

Thus,  while  the  table  on  p.  352  gives  the  atomic  weight  of  sulphur 
as  32,  the  pharmacopoeia  gives  it  as  32.07;  while  the  table  gives  the 
atomic  weight  of  potassium  as,  39  the  pharmacopoeia  gives  it  as  39. 10 ;  and 
so  in  many  other  cases.  Space  forbids  a  discussion  of  the  controversy 
as  to  whether  the  '* exact"  atomic  weights  (the  figures  showing  fractions 
or  the  weights  expressed  in  roimd  numbers)  are  the  true  atomic  weights. 
Suffice  it  to  say  that  in  the  table  in  this  book  the  round  numbers  are  given, 
first,  because  the  memorization  of  the  fractional  numbers  is  a  matter  of 
difficulty — and  the  table  under  consideration  should  be  memorized — and, 
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«cond,  the  so-called  "exact"  atomic  weights  change  year  by  year  with 
he  publication  of  new  researches  with  the  combining  weights  of  the 
ilements;  moreover,  for  all  the  practical  purposes  of  pharmacy,  the  round 
lumber  atomic  weighs  are  sufficiently  exact. 

We  have  explained  atomic  weight,  and  it  remains  to  define  molecular 
weight. 

The  molecular  weight  of  a  substance  is  the  sum  of  the  atomic  weights 
3f  its  constituent  atoms.  Thus,  the  molecular  weight  of  sodium  chloride 
[XaCl)  is: 

N'a,  atomic  weight 23.0 

CI,       "  "        35.5 

NaCI,  molecular  weight 58.5 

Of  Ca  CI,: 

Ca,  atomic  weight 40  Ca    «  1  X  40     =40 

CI,        "            "     .  ...35.5  CU  «  2  X  35.5  =  71 

Ca  Cla,  molecular  weight,  111 

We  have  means  of  estimating  molecular  weight  that  are  quite  dif- 
ferent from  the  process  of  finding  the  atomic  weight  of  elements,  and,  as 
the  molecular  weight  of  elements  found  by  such  processes  are  almost 
always  twice  the  atomic  weight,  we  are  led  to  believe  that  most  ele- 
mental molecules  contain  two  atoms. 

Thus,  the  molecular  weight  of  oxygen  is  32;  the  atomic  weight  is  16; 
therefore  a  molecule  of  oxygen  must  be  O2.  On  the  other  hand,  while 
the  atomic  weight  of  mercury  is  200,  its  molecular  weight  estimation 
gives  the  same  figure,  and  we  are,  therefore,  forced  to  the  conclusion 
that  a  molecule  of  mercury  consists  of  one  atom. 

Again,  atomic  weight  estimation  of  phosphorus  shows  31  as  its  rela- 
tive combining  weight,  while  its  molecular  weight  has  been  experimentally 
proved  to  be  124;  hence  one  molecule  of  phosphorus  must  contain  four 
atoms. 

VALENCE 

Valence  is  the  relative  power  which  an  element  exerts  in  uniting  with 
or  replacing  other  elements.  Thus,  analysis  of  the  four  typical  com- 
pounds cited  below  gives  the  formula  there  stated: 

Hydrochloric  acid HCl. 

Water HjO. 

Ammonia  gas HsN  (or  NHs). 

Methane  (marsh-ga^)) . . .  .H4C  (or  CH4). 

Why  is  it  that  while  chlorine  unites  with  one  atom  of  hydrogen,  oxy- 
gen can  take  up  two,  nitrogen  (N)  three,  and  carbon  (C)  four  atoms  of 
hydrogen?  Simply  because  carbon  has  four  times  the  combining  power 
of  hydrogen  or  chlorine,  and  twice  the  combining  potoer  of  oxygen.  Val- 
ence has  nothing  to  do  with  atomic  weight.  While  the  latter  concerns 
itself  over  combining  weight,  valence  refers  only  to  combining  power. 
That  carbon  has  the  valence  four — has  four  times  the  combining  power 
of  hydrogen — ^is  analogous  to  the  fact  that  a  four-dollar  check  would 
have  four  times  the  purchasing  power  of  a  one-dollar  check.  Akin  to 
this  is  the  illustration  that  a  man  with  four  hands  could  do  four  times  as 
much  grasping  as  a  man  with  one  hand.  This  brings  up  the  graphic 
way  of  illustrating  valence  called  after  its  originator,  "Frankland's 
bonds." 
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Frankland  represented  valence  after  this  idea  of  hands,  sketching  the 
symbol  of  the  element  with  as  many  lines  as  its  valency. 
Thus: 

Hydrogen  with  valence  one  is  sketched  as  H — 
Chlorine  ".        one  "  CI — 

Oxygen  "  two  " 

Nitrogen  "  three         *'  Ni 

Carbon  "  four  " 


while  the   compounds   cited    above  are    given  the  following  graphic 
formula: 

Hydrochloric  Acid  Waler  Ammonia  Methane 

H-CI     H-O-H     N=i     Q 

To  get  the  idea  of  valence  imagine  hydrogen  and  chlorine  as  one- 
armed  men  clasping  hands;  oxygen,  with  two  hands  going  down  the  street 
with  two  single-handed  hydrogen  atoms;  nitrogen  as  a  three-handed 
being,  and  carbon  as  possessing  four  hands. 

It  is  hardly  necessary  to  state  that  this  picture  is  purely  fanciful; 
that  this  combining  power  must,  in  truth,  consist  of  an  atomic  attraction 
somewhat  similar  to  the  attraction  of  gravitation  as  exerted  between 
masses.  Or  perhaps  that  variation  of  combining  power  may  be  the  pro- 
portional variation  of  electric  manifestation. 

In  fact,  there  is  some  question  among  chemists  in  these  days  as  to 
the  entire  theory  of  valence,  and  especially  as  to  the  varying  valences 
exhibited  by  the  same  element,  noted  in  the  following  pages. 

But  be  this  as  it  may,  the  fact  still  remains  that  the  theory  of  valence 
affords  the  only  rationed  and  practical  way  of  learning  to  write  the  sym- 
bolic formulae  of  chemicals,  and  in  this  spirit  the  subject  is  discussed  in 
these  pages. 

In  the  four  compounds  given  as  examples  of  valence,  hydrogen  plays 
a  leading  part,  but  when  we  consider  the  entire  vast  mass  of  chemical 
compounds  we  find  that  the  hydrogen  compounds  are  few,  and  that  oxy- 
gen is  the  element  preeminent  for  combinations.  This  is  well  shown 
in  the  combinations  of  chlorine.  Hydrogen  and  chlorine  \mite  to  only 
one  compound,  the  hydrochloric  acid  (HCl)  given  above.  But  when  we 
look  up  the  combinations  of  chlorine  and  oxygen,  either  free  or  in  combina^ 
tion,  we  find  four  different  bodies  having  the  following  formulas: 

CI2O,        CUOs,        CI2O6,        andCUOy. 

We  know  that  the  valence  of  oxygen  is  two,  that  each  atom  has  two 
bonds:  then  let  us  see  how  the  linking  power  of  chlorine  varies,  by  analyz- 
ing the  four  formulas  given  above. 

It  is  evident  that  the  first,  ChO,  which  is  analogous  to  H2O,  has  as 
graphic  formula  CI — 0 — CI,  and  that  the  valence  of  chlorine  is  one. 

Now  for  CUOs.  Three  atoms  of  oxygen  means  six  bonds  to  be 
divided  between  two  atoms  of  chlorine.  Therefore,  each  chlorine  must 
take  up  three  bonds  of  oxygen,  giving  the  graphic  formula 

o=ci— o— a=o 

In  CIsOs  the  valence  of  chlorine  must  be  three. 
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In  CI2O5  the  five  oxygen  atoms  give  us  ten  bonds,  so  each  chlorine 
lust  make  up  five  bonds,  thus: 

8=ci-o-ci=8 

nd  the  valence  of  chlorine  is  five. 

In  CUO7  the  seven  oxygen  atoms  mean  fourteen  bonds,  with  seven  1 
K)nds  for  each  chlorine  to  take  up,  thus: 


o- 

ind  in  this  case  the  valence  of  chlorine  must  be  seven. 

Then,  we  have  three  combinations  of  sulphur,  with  oxygen: 

SO,  SO2,  and  SOj. 

Q — n 

lii  ^        "  the  valence  of  sulphur  must  be  two. 


It  It  tt 


four. 


s 


:0 


InO^Z^  <'  "  "  six. 

This  suggests  that  the  valence  of  an  element  varies,  and  the  varia- 
tion has  been  explained  in  this  manner:  The  true  valence  of  an  element  is 
its  highest.     Thus,  in  sulphur  the  true  valence  is  six. 


^ 


In  some  way  two  of  the  "hands'*  (bonds)  become  clasped,  and 
just  as  it  is  impossible  to  pick  up  an3rthing  with  clasped  hands,  so  those 
two  bonds  became  useless  for  linkage  purposes  and  the  sulphur  atom 
possesses  but  four  active  bonds,  as  shown  below. 


s^ 


Again  two  more  "hands"  grasp — two  bonds  saturate  each  other, 
as  the  term  is — and  there  remain  but  two  active  bonds  to  the  sulphur 
atom,  its  valence  is  two,  thus, 


m 


This  fanciful  picture  is  given  for  what  it  is  worth,  and,  contrary  to 
this  theory,  the  usual  and  most  stable  valence  is  the  lowest. 

The  valence  of  an  element  is  expressed  in  Roman  numerals  above  and 
to  the  right  of  its  symbol;  thus,  chlorine  is  expressed  as  Cl^  C1"S  Cl^ ,  or 
Cl^  respectively,  according  as  its  valence  is  one,  three,  five,  or  seven. 

In  the  table  of  elements  found  on  the  following  page  not  only  is 
the  valence  and  atomic  weight  of  each  element  given,  but  the  elements 
are  grouped  in  two  columns,  according  as  they  are  electropositive  or 
electronegative. 

These  two  terms  indicate  the  behavior  of  the  elements  when  com- 
poiinda  containing  them  are  subjected  to  the  action  of  a  current  of  elec- 
tricity. 
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The  subject  of  electricity  is  beyond  the  scope  of  this  work,  and  here 
can  mention  be  made  only  of  the  fact  that  electricity  is  developed  by 
the  dynamo,  such  as  can  be  seen  at  any  electric  lighting  station,  and  the 
battery,  such  as  accompanies  every  telephone  or  telegraph  instrument. 

From  every  battery  two  wires  emerge,  and  through  these  wires  pass 
electricity  of  different  quality,  called  positive  and  negative,  and  the 
termination  of  the  two  wires  are  called  the  positive  pole  and  the  negative 
pole  respectively..  , 

If  we  take  common  salt,  sodium  chloride,  melt  it  and  subject  it,  while 
molten,  to  a  current  of  electricity,  at  the  positive  pole  of  the  battery  we 
get  the  odor  of  chlorine;  while  at  the  negative  pole  we  get  metallic  sodium. 

Now,  the  electric  rule  is:  "Like  electricities  repel  each  other;  unlike 
attract  each  other,'*  and,  since  sodium  goes  to  the  negative  pole,  we  call  it 
positive;  while  chlorine,  going  to  the  positive  pole,  is  called  negative. 
Accordingly,  we  see  that  sodium  chloride  contains  one  portion  that  is 
positive  and  another  that  is  negative,  and,  from  this,  Berzelius  worked 
out  his  electromagnetic  theory,  by  which  he  divided  every  chemical  com- 
pound into  positive  and  negative  parts,  and  attempted  to  explain  chem- 
ical action  by  electric  influence.  But  his  theory  did  not  stand  the  test 
of  time,  and  it  has  been  replaced  by  the  ionic  theory  (see  p.  119)  accord- 
ing to  which  some  soluble  substances  when  dissolved  in  the  appropriate 
fluid  are  divided  into  electrically  charged  particles  called  ions.  The  ions 
that  are  negatively  charged  are  called  anions;  while  the  positively  charged 
particles  are  known  as  cations.  Curiously,  some  of  the  details  of  the 
electron  theory  outlined  on  p.  346  resemble  the  old  Berzelius  idea. 
As  just  mentioned  under  electrolytic  dissociation,  the  metals  are  shown 
to  be  positive,  while  the  non-metallic  elements  are  negative.  The  divi- 
sion, however,  is  purely  relative.  Thus,  when  zinc  is  combined  with 
chlorine  it  is  the  positive  part  of  the  compound;  whereas,  when  combined 
with  sodium  it  is  found  in  the  negative  ion. 

ELEMENTAL  TABLE 
Nbqatxvb  Pobitivx 

Atomic        jJamM  Symbol  Atomic 

weight  i^ame  ^^  valence  weight 

35.5      Lithium Li.  i  7 

80.0       Sodium Na.  i  23 

127 .0       Potaaaium K.  i  39 

Copper Cu.  x  63 

roua"  form) 

Silver Ag.  i  108 

Meroxiry Hg.  i  200 

C'oua"  form) 

,0.  XI                        16.0       Magnaaum Mg.  n  24 

,S.  xixTTX               32.0      Calcium Ca.  n  40 

Strontium 8r.  n  87 

Barium Ba.  n  137 

Iron Fe.  xx  66 

("oua"  form) 

Copper Cu.  xx  63 

rio"  form) 

Zino Zn.  xx  65 

Mercury Hg.  ii  200 

('•io'*  form) 

Lead Pb.  n  209 

Tin Sn.  II  119 

("oua"  form) 

11 .0       Aluminum Al.  iix  27 

14.0       Iron Fe.  iii  56 

(••io"  form) 

31.0       Gold Au.  xn  196 

75,0       Biamuth Bi.  in  207 

120.0       Cerium Ce.  in  140 

12.0       Tin Sn.  nr  119 

28.0  ("io"  form) 


M0NAD8. 
(Usually         having 
valence  x.) 


AT—-  Symbol 

^*"»*  and  valence 

Chlorine CI.  x  in  v  vii 

Bromine Br.  i  in  v  vii 

Iodine I.  x  ni  v  vii 


Oxygen. 
Sulpnur. 


Dtadb. 
(Usually         having 
two     bonds— the 
valence  n.) 


[Boron B.  xn 

Triadb.  Nitrogen N.  rav 

(Having     the     val-  I  pu«.„u«„.a        p  „*  • 

.no.  in.  u«»u,.)  ^^:^: : :  l^'^^ 

I  Antimony Sb.  xn  v 

TBTitADa.  I  Carbon O.  xv 

(Valence  of  xv.)      \  Silicon Si.  iv 
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Chromium  (Cr,  at.  wt.  52)  and  manganese  (Mn,  at.  wt.  55),  while 
found  in  official  compounds,  are  omitted  from  the  table  for  reasons  given 
on  pp.  496  and  486. 

Following  the  theory  of  variation  in  valence  cited  on  p.  351,  it  is  seen 
that  the  variation  should  always  be  by  two — i,  iii,  v,  vii  or  ii,  iv,  vi — and 
facts  bear  this  out;  mercury,  iron,  and  copper  being  the  only  exceptions 
in  the  table  just  given.  The  irregular  variations  of  these  will  be  explained 
later. 

The  periodic  system  of  elements  is  the  name  given  the  grouping  of  ele- 
ments according  to  their  atonaic  weights.  It  is  beyond  the  scope  of  this 
book  to  discuss  this  beautiful  theory  of  Mendelejefif  and  those  desiring 
information  further  than  the  bare  statement  that  "the  properties  of  ele- 
ments are  periodic  functions  of  their  atomic  weights"  (Smith)  are  referred 
to  the  papers  suggested  in  the  bibliography  at  the  end  of  this  chapter. 

Having  considered  the  subject  of  chemistry  from  the  standpoint  of  the 
individual  elements,  we  can  now  take  up  the  subject,  grouping  of  elements, 
thus  entering  into  the  domain  of  chemical  compounds. 

We  have  spoken  of  molecules  as  the  smallest  particles  of  matter 
existing  in  a  free  state,  and  we  mentioned  among  others  the  molecule  of 
oxygen.    Such  an  elemental  molecule  is  called  a  simple  molecule,  in 
distinction  to  compound  molecules;  those  containing  at  least  two  differ- 
ent kinds  of  elements.    Thus,  while  O2,  Sa,  or  P4  are  examples  of  simple 
molecules,  NaCl,   K1SO4,  and  KNaCiHiOe  are  types    of    compound 
molecules;  and  while  the  simple  molecules  contain  only  a  small  number  of 
atoms — usually  two — the  number  of  atoms  in  a  compound  molecule  are 
practically  unUmited;  one  complex  organic  body,  hemoglobin,  containing 
over  2000  atoms  to  the  molecule,  it  is  claimed. 

Taking  up  the  inorganic  compound  molecules,  we  first  divide  them 
into  two  classes — the  binary  and  the  ternary  compounds. 

Binary  compounds  are  those  containing  two  different  kinds  of  ele- 
ments. Thus,  NaCl,  KBr,  CaO,  and  CUOj  are  exfimples  of  binary 
compounds. 

The  naming  of  binary  compounds  is  simple.  We  give  the  name  of  the 
positive  element  first;  then  the  name  of  the  negative  element,  changing  its 
^f^Tnination  to  "ide."  Making  this  clear  by  illustration,  we  will  take 
y^^Cl  as  the  first  example.  TMs  consists  of  sodium  and  chlorine.  The 
^^  ole  on  p.  352  shows  that  sodium  is  the  positive  element  and  chlorine  the 
^^^gative  element  of  that  compound.  Accordingly,  we  call  the  body 
^^  -<&um  chloride.  Remember,  as  very  importanty  that  the  termination 
'i^de"  is  characteristic  of  binary  compounds. 

In  writing  binary  compounds  we  place  the  symbol  of  the  positive 
element  first;  then  the  symbol  of  the  negative  element,  placing  below 
anid  to  the  right  of  each  symbol,  in  Arabic  numerals,  the  respective  num- 
o&r  of  atoms  entering  into  the  molecule.  Thus  CaCU  means  1  atom  of 
c^cium  and  2  atoms  of  chlorine,  making  a  molecule  of  calcium  chloride. 

Before  leaving  binary  compounds,  mention  must  be  made  of  the 
^Cfciir  acids  belonging  to  this  group.     These  four  are  HCl  (hydrochloric 
J^iid);  HBr  (hydrobromic  acid);  HI  (hydriodic  acid);  and  HFl  (hydro- 
Ixioric  acid);  and  they  are  called  the  halogen  or  haloid  acids.     As  acids 
^ill  come  in  for  discussion  in  Chapter  XXIV,  these  halogen  acids  will 
»>e  left  for  that  time.    They  must  be  noted  here,  however,  if  for  no  other 
i^aaon  than  as  exceptions  to  the  nomenclature — ^to  the  naming — of  bi- 
nary compounds. 

Ternary  compounds  are  those  inorganic  bodies  containing  three  or 

23 
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more  different  kinds  of  elements.  The  word  "ternary,"  coming  from 
a  Latin  root  meaning  "three,"  would  seem  to  exclude  any  compounds 
other  than  those  containing  three  kinds  of  elements.  However,  as  there 
are  comparatively  few  definite  inorganic  compounds  containing  more  than 
three  different  elements,  these  few  are  usually  included  and  discussed  with 
the  ternary  compounds.  The  naming  of  ternary  compounds  is  a  matter 
of  some  complexity,  and  before  discussing  this  phase  of  the  question  it  is 
necessary  to  explain  the  formation  of  ternary  compounds. 

All  ternary  compounds  are  derived  indirectly  from  binary  compounds, 
the  oxides,  and  it  is  therefore  necessary  to  discuss  these  important  bod- 
ies. If  we  take  the  various  oxides  and  combine  them  with  water,  we  get, 
according  as  the  distinctive  element  is  positive  or  negative,  an  acid  or  a 
base,  as  shown  by  the  two  following  equations: 

Thus,  P1O5  +  H,0  =*  H2P2O8   «  2HP0.. 
CaO  +  H,0  =  CaOaH,  «  Ca(OH)a. 

By  the  term  "equation,"  given  above,  we  mean  the  representation 
by  means  of  symbolic  formulas  of  how  a  chemical  reaction  occurs. 

Thus,  the  first  of  the  two  equations  given  above  means  that  one 
molecule  of  phosphoric  oxide  (PjOs)  combines  with  one  molecule  of  water 
(HiO)  to  make  two  molecules  of  metaphosphoric  acid  (2HPO3). 

The  second  means  that  one  molecule  of  calcium  oxide  (CaO)  com- 
bines with  one  molecule  of  water  (H2O)  to  make  one  molecule  of  the  base, 
calcium  hydroxide  (Ca(0H)2). 

Details  of  the  writing  and  the  balancing  of  such  equations  will  be 
given  later  (p.  400). 

In  discussing  this  matter  we  will  consider,  first,  the  acids  and  then  the 
bases. 

Formation  of  the  Acid  Fonnula. — Going  back  to  the  table  on  p.  352, 
nmning  down  the  line  of  negative  elements  we  find  silicon  with  the  val- 
ence four. 

One  atom  of  silicon  with  valence  four  can  take  up  two  atoms  of 
oxygen  with  valence  two,  as  shown  in  the  following  graphic  formula: 


SE 


':q        or  SiOa. 


This  body  is  called  silicon  oxide  or  silicic  oxide.     If  this  oxide  com- 
bined with  water  we  would  get : 

SiO, 
H,    O 


HsSiO.        Silicic  Acid. 

In  another  form,  Si02  +  H2O  =  H2SiO«. 

It  will  be  noticed  that  in  this  oxide  and  the  derived  acid  the  word 
silicon  is  changed  to  silicic. 

Suppose  we  consider  the  two  oxides  of  nitrogen  which  combine  with 
water.  Looking  at  the  table  on  p.  352,  we  find  the  valence  of  nitrogen 
three  and  five;  therefore  the  oxides  must  be 

0=Pl|-0-Pl|  =  0    orN203and   o^N-^^N  =  0   or  N2O5 

The  linkage  of  the  nitrogen  and  of  the  oxygen  in  these  two  cases 
occurs  in  a  manner  precisely  the  same  as  the  linkage  between  oxygen 
and  chlorine  of  valence  three  and  five,  as  shown  on  p.  351.    In  naming 
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;hese  two  oxides  of  nitrogen  both  cannot  be  nitric  oxide,  so  we  apply  that 
lame  to  the  one  in  which  nitrogen  shows  the  highest  valence,  calling  the 
}ther,  the  one  in  which  nitrogen  shows  the  valence  three,  nitroiis  oxide. 
Adding  water  to  these,  we  get  the  corresponding  acids:  thus — 

(a)  NjOs  (nitr<m«  oxide)  +  H,0  -  HjNjO^  =  2HN0j  (nitrow«  acid). 
(6)  N,0»(nitric  oxide)      +  H,0  «  H^NjOe  -  2HN0.  (nitric  acid). 

These  two  equations  can  be  expressed  in  words  as  follows: 

(a)  One  molecule  of  nitrous  oxide  plus  one  molecule  of  water  gives 
two  molecules  of  nitrous  acid. 

(6)  One  molecule  of  nitric  oxide  plus  one  molecule  of  water  gives  two 
molecules  of  nitric  acid. 

In  other  words,  with  these  oxides  of  nitrogen  the  molecule  of  the 
oxide  does  not  blend  with  the  molecule  of  water  to  make  one  molecule 
of  the  acid,  as  was  the  case  in  the  formula  of  sihcic  acid,  but  two  mole- 
cules result  from  the  combination. 

As  the  symbolic  formula  expresses  the  contents  of  a  molecule,  the 
foraiula  of  nitrous  acid  is  HNOj  and  the  formula  of  nitric  acid  is  HNO3. 

Looking  up  sulphur,  we  find  it  has  three  valences,  and,  therefore, 
yields  thr^  oxides,  SO,  SOj,  and  SOs.  SOs  we  call  sulphuric  oxide; 
SO2,  sulphuroiid  oxide;  and  SO  we  call  hyposvlphuroiAS  oxide,  the  prefix 
"hypo"  meaning  "under." 

Let  us  see  how  these  three  oxides  form  acids. 

so  {JiypoeulphuTous  oxide)  +  HsO  —  HsSOi  {hyvoeulphuroua  acid). 
SOs  (sulphuroiM  oxide)  4-  HsO  =  HsSOa  (smphuroiM  acid). 

SO3  (sulphuric  oxide)  +  HsO  »  HsSO^  (sulphuric  acid). 

So  when  we  have  three  acids  from  one  negative  element,  the  name  of 
the  negative  element  in  which  that  element  acts  with  the  highest  valence 
is  given  the  termination  "ic;"  the  termination  in  the  one  in  which  the 
element  acts  with  the  next  lower  valence  is  "ot«;"  while  the  one  in  which 
the  element  acts  with  the  lowest  valence  is  given  the  prefix  "hypo"  and 
the  termination  "oti5." 

As  noted  on  p.  350,  four  oxides  of  chlorine  yielding  acids  are  known: 
cue,  CljOa,  CI2O5,  and  CI2O7.  In  naming  these,  the  one  with  the  lowest 
valence  of  chlorine  is  called  "Aypochlorcms;"  the  next,  "chloroiis;"  and 
the  next, "  chloric,"  just  as  in  the  preceding.  This  leaves  the  fourth  to  be 
named,  and  it  is  given  the  prefix  "per"  and  the  termination  "fc" — 
"perchloric."    These  four  oxides  yield  four  acids,  as  follows: 

CliO  (kyvooUoToiui  oxide)  +  H,0  «  H,CljO,  -  2HC10   {kyvochloraus  acid), 
aid  (chlorou*  oxide)  +  H,0  «  HjCUO*  =  2HC10,  (chlorou*  acid). 

CljO,  (chloric  oxide)  +  H^O  «  HjCljO.  =  2HC10,  (chloric  acid). 

CIA  (perchloric  oxide)        +  H,0  «  HjCljOa  =  2HCIO4  (perchloric  acid 

This  completes  the  theoretic  formation  and  naming  of  acids;  the  sum- 
niary  of  nomenclature  being: 


If  there  is  one  oxyacid  from  an  element  it  has  the  termination  "ic, 

li  there  are  two,  the  higher  in  valence  is  "ic." 

the  lower  in  valence  is  **otis" 

If  there  are  three,  the  highest  in  valence  is  **ic" 

the  middle  in  valence  is  **au8.*' 
the  lowest  in  valence  is  '*hypo — aus" 

If  there  are  four,  the  lowest  in  valence  is  "  hypq — ous." 

the  next  hij^her  in  valence  is  '*ou8" 
the  next  higher  in  valence  is  **ic.^* 
the  highest  m  valence  is  "jjct — ic" 


t* 
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Remember,  this  method  of  nomenclature  applies  only  to  oxyacids — 
those  acids  which  contain  oxygen. 

The  four  haloid  acids  have  their  specific  names — hydrochloric,  hydro- 
bromic,  etc.,  and  do  not  enter  into  this  category.  Do  not  confuse 
hydrochloric  with  chloric  acid.  Hydrochloric  acid  is  a  binary  compound, 
HCl,  while  chloric  acid  is  ternary — an  oxyacid — HCIO3. 

It  may  be  well  to  emphasize  that  the  above  explanation  of  the  forma- 
tion of  acids  is  given  merely  with  the  view  of  teaching  the  student  the  writ- 
ing  of  formulas,  and  it  U  necessary  to  warn  the  reader  against  assuming  the 
conclusion  that  the  practical  manufacture  of  the  chemicals  whose  formulas 
are  thus  worked  out  of  necessity  follows  the  same  line  here  suggested. 
While  it  is  true  that  sulphuric  acid  is  made  by  treating  sulphuric  oxide 
with  water,  silicic  acid  cannot  be  formed  by  direct  combination  of 
silicic  oxide  (sand)  and  water.  Again,  it  might  be  mentioned  that 
frequently  some  of  the  compounds  spoken  of  familiarly  when  discussing 
formula  writing  may  be  too  imstable  to  exist.  This  is  true  of  several 
oxides  of  chlorine  and  of  iodine. 

In  working  out  the  theoretic  formation  of  the  acids  given  above,  the 
graphic  formula  of  the  oxide  has  been  given,  followed  by  the  mere  state- 
ment that  the  acid  is  formed  by  adding  water  to  the  oxide.  The  ques- 
tion that  might  arise  is.  How  is  it  possible  to  add  a  molecule  of  water 
to  a  saturated  compound?  In  the  group  80 z  each  of  the  six  bonds  of  the 
sulphur  are  taken  up  by  oxygen,  so  where  can  the  two  atoms  of  hydrogen 
and  one  of  oxygen  be  attached? 

The  answer  is  very  simple,  for  when  water  (HjO)  is  brought  in  con- 
tact with  sulphuric  oxide  (SOj),  the  latter  arranges  with  the  water  to 
the  new  groupings  here  shown: 

:o 
:o 

OH 
OH 


smi    -     ^ 


the  water  breaking  into  H  and  OH;  one  of  the  O  atoms  of  SOs  breaking 
loose  from  the  double  imion  with  sulphur  and  uniting  with  the  free  H 
from  the  water  (forming  Oti),  while  the  OH  group  from  the  water 
attaches  itself  to  the  free  sulphur  bond,  and  we  get  the  compoimd 
S02(OH)2  or  H2SO4,  sulphuric  acid,  containing  two  hydroxyls  (the  radical 
mentioned  on  p.  570). 

It  might  be  interesting  to  express  graphically  the  transition  of  one 
molecule  of  nitric  oxide  into  two  molecules  of  nitric  acid,  as  described 
above. 

One  molecule  One  molecule  Two  moleeulee 

nitric  oxide  loater  nitric  ctcid 


:o  +  T  »  —9 

N=8  -  |N^5 


o 

OH 


It  will  be  seen  from  this  that  the  graphic  formula  of  nitric  acid  is 


N 


-OH 
:0 


:0 


that  is,  to  the  atom  of  nitrogen  there  are  attached  two  atoms  of  oxygen 
and  one  hydroxyl  group. 
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Formation  of  the  Formulas  of  Bases. — Bases,  with  the  exception  of 
unmonia  and  its  organic  derivatives,  which  we  will  discuss  in  due  course 
)f  time,  represent  the  oxygen  and  hydrogen  compounds  of  a  positive 
dement,  and  can  be  derived  in  exactly  the  same  way  as  the  acids  have 
been  from  the  negative  elements — by  adding  water  to  the  oxides;  only 
in  the  case  of  bases  the  process  is  much  simpler. 

In  glancing  over  the  positive  elements  on  p.  352,  it  will  be  noticed 
bhat  aU  these  elements,  save  mercury,  iron,  and  copper,  usually  exhibit 
but  one  valence,  and,  accordingly,  each  element  usually  yields  but  one 
base.  The  nomenclature  is  much  simplified  by  this  fact,  bases  being 
named  by  placing  the  name  of  the  characteristic  element  first,  followed 
by  the  word  "  hydroxide". 

Let  us  summarize  by  a  few  general  examples: 

NaiO  (sodium  oxide)  +    H2O  =  NasOsHs  ^  2NaOH  (sodium  hydroxide). 
CaO  (calcium  oxide)    +    HiO  =  CaOsHs    «  Ca(OH)j  (calcium  hydroxide). 
FejOs  (ferric  oxide)     +  3H2O  -  Fe/)6H6    =  2Fe(0H)i  (ferric  hydroxide). 

In  the  above  equations  the  end  formula,  whenever  possible,  has 
been  reduced  to  its  simplest  form.  Thus,  Na202H2,  like  H2N2O4  of  p. 
355,  can  be  divided  by  two,  and  in  truth  the  molecule  of  sodium  hydroxide 
is  NaOH  and  not  Na20sH2.  Again,  note  that  a  large  figure  placed  at 
the  commencement  of  a  formula  multiplies  every  element  following  it 
by  that  number;  thus  2NaOH  means  Na202H2;  2HNO2  is  the  same' as 
H2N2O4  (O2  X  2  equals  O4). 

^  It  will  be  seen  in  the  case  of  calcium  hydroxide  that  Ca02H2,  con- 
taining as  it  does  but  one  atom  of  calcium,  constitutes  one  molecule. 
In  such  cases,  however,  it  is  considered  neater  to  inclose  the  oxygen 
and  hydrogen  in  brackets,  with  the  number  of  atoms  outside  the  brackets. 
Thus,  CaOsHa  is  usually  expressed  as  Ca(0H)2.  A  small  figure  outside 
the  brackets  multiplies  each  element  within  the  brackets,  even  as  a 
large  figure  in  front  of  the  formula  multiplies  every  element  following  it. 
Graphically,  these  hydroxides  may  be  expressed  with  equal  ease  as 
hydroxyl  derivatives,  each  bond  of  metal  taking  one  OH  group,  thus: 


Na  H  Na-O-H 

A  4.  i  - 

H  Na-O-H 


i 


It  is  customary  to  make  a  slight  difference  in  the  writing  of  acids 
and  bases.  In  writing  acids,  we  place  the  hydrogen  atoms  first,  then 
the  characteristic  element,  and  finally  the  oxygen  atoms.  In  bases, 
on  the  contrary,  the  characteristic  element  comes  first,  followed  by  the 
hydroxyl  groups.  This  is  a  mere  matter  of  form,  the  only  reason  why 
the  two  classes  of  bodies  are  so  differentiated  being  because  it  affords 
a  convenient  method  of  distinguishing  acid  and  basic  formulas. 

It  is  wise,  however,  not  to  get  boimd  down  to  rigid  rules.  Different 
books  have  different  ways  of  writing  formulas;  for  instance,  sulphuric 
add  can  be  written  S02(OH)2  as  well  as  H2SO4. 

Considerable  mention  has  been  made  on  preceding  pages  of  acids 
and  bases  without  giving  any  idea  what  these  bodies  really  are.  The 
theoretic  consideration  of  them  just  given  is  very  important,  but  it  does 
not  represent  real  practical  conditions.  Acids  and  bases  had  first  to  be 
known  before  theories  regarding  them  were  evolved,  and  it  is  of  greatest 
importance  that  they  should  be  known  when  met  with. 
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The  following  definitions  should  be  carefully  studied: 

An  add  is  a  substance  which  turns  bli^  litmus-paper  red  and  combines 
with  bases  to  form  salts. 

A  base  is  a  substance  which  turns  red  litmus-paper  bli^  and  combines 
with  acids  to  form  salts.    And,  finally,. 

A  saU  is  the  product  of  the  combination  of  an  acid  and  a  base. 

Litmus-paper  is  an  article  of  conmierce  made  by  dipping  porous 
paper  in  a  decoction  of  litmus,  a  sort  of  Uchen.  A  drop  of  acid  (always 
to  be  applied  in  dilute  form)  will  make  a  red  spot  on  blue  litmus-paper, 
and  likewise  a  drop  of  diluted  alkali  (as  bases  are  called)  will  make  a 
blue  spot  on  red  litmus-paper. 

Electrolytic  conception  of  acids,  basee  and  ealte,  as  expressed  by  physical  chemists, 
is  different  from  the  definitions  just  given,  since  approached  from  the  standpoint 
of  the  ionic  theory.  (See  p.  352.)  According  to  this  viewpoint,  acids  are  those  sub- 
stances which  give  hydrogen  ions  (hydrionsj  in  aqueous  solution;  bases  under  the 
same  conditions  give  hydroxyl  ions  O^ydroxidions)  while  salts  give  ions  other  than 
hydrions  and  hydroxidions.  Thus  an  acid  like  HsSOi  dissociates  in  solution  into 
two  positive  hydrogen  ions  and  one  negative  SO4  ion :  a  base  like  KOH  dissociates 
into  one  positive  potassium  ion  and  one  negative  OH  ion;  while  a  salt  like  KsS04 
dissociatoB  into  two  positive  potassium  ions  and  one  negative  SO4  ion. 

The  three  classes,  acids,  bases,  and  salts,  cover  the  entire  domain  1 
of  ternary  compounds.     Before  speaking  of  salts,  mention  must  be  made 
of  another  point  concerning  acids.     We  have  just  seen  that  sulphuric 
acid  may  be  written — 


s 


:0 
K> 
-OH 
OH 


In  other  words,  as  a  sulphur  atom  with  two  oxygen  atoms  and  two  hy- 
droxyl  groups  attached.  If  we  look  up  the  formula  of  boric  acid,  we 
find  it  to  be  HsBOj  or,  graphically, 

-OH 


B 


-OH 
•OH 


In  this,  each  bond  of  the  characteristic  atom  is  taken  up  by  a  hydroxyl, 
and  such  an  acid  is  called  an  "  ortho  "  acid.  Almost  all  bases  are  "  ortho, " 
having  as  many  hydroxyls  as  bonds  of  the  characteristic  element,  and 
thus  we  find — 

Sodium  hydroxide-  Calcium  hydroxide  Ferric  hydroxide 

N»-^H       ca=o2       F^i 

but  with  acids  it  is  different,  and  of  the  oxyacids,  boric  add  is  the  only 
official  ortho  acid. 

There  is  an  official  acid  called  orthophosphoric  acid  (H8PO4),  but 
it  is  not  a  true  ortho-acid  in  the  sense  expressed  above.  Its  graphic 
formula  is — 

-OH 


m 


OH 
OH 
:0 


while  true  ortho-phosphoric  acid  should  be 


p 


■OH 
-OH 
-OH 
OH 
•OH 
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Acids  not  having  all  the  bonds  of  the  characteristic  element  taken  up 
by  hydroxy!  groups  are  called  meto-acids,  and,  accordingly,  HsPOi 
should  be  classed  among  the  meta-acids. 

The  oriKmal  idea  of  ortho-  and  meta-  combinations  was  that  when  two  kinds 
of  salts  of  the  same  acid  were  known,  the  one  containing  the  most  metal  was  called 
the  ortho-salt,  while  the  other  was  called  the  meta-salt.  Thus,  the  sodium  salt  of 
H^POi  was  called  orthophosphate  of  soda,  while  the  sodium  salt  of  HPOt  was  called 
metaphosphate  of  soda. 

The  difference  between  the  three  phosphoric  acids,  HsPOs,  HjPO*, 
and  HPOs,  is  simply  a  loss  of  water. 

It  appears  that  usually  the  characteristic  element  cannot  carry 
many  hydroxyl  groups,  and  these  are  parted  with  by  the  throwing  off 
of  water,  as  represented  in  the  following  graphic  sketch,  in  each  formula 
of  which  the  hydrogen  and  oxygen,  thrown  off  as  water,  are  underscored: 

-OH  ^-^^~"=0  '■-^r-^::© 

—OH 

-n|_H,o=|     _.  OH 


OH  «p^ O  ^ip-^r-^iil 

— OT  Lj — OH        Tj ! 


H,P06  H8PO4  HjPOi  HPO3 

SALTS 

Salts  are  solids,  neutral  to  test-paper,  affecting  neither  the  red  nor 
the  blue  of  litmus.  Of  course,  there  are  exceptions;  but  this  much  can 
be  usually  stated  regarding  them.  As  to  the  naming  of  a  salt,  we  place 
first  the  name  of  the  metal  (the  base;  the  positive  element),  then  the 
name  of  the  acid,  the  termination  of  which  is  changed  to  "ate,**  if  we 
are  dealing  with  an  "ic"  acid;  and  to  "ite,"  if  it  comes  from  an  "ous" 
acid.    This  is  shown  clearly  in  the  names  of  the  oxyacids  of  chlorine. 

Hypochlor<n«  acid  gives  hypochlorite*. 

CiloTous  acid  gives  chlorites. 

Chloric  acid  gives  cblorcUes. 

Perchloric  acid  gives  perchlora^s. 

The  salts  of  the  halogen  acids  do  not  come  under  this  method  of  nomenclature. 
Such  salts  are  binary  compoimds,  and  are  given  the  termination  "ide;"  thus,  hydro- 
chloric acid  yields  chlorides,  hydrobromic  acid  yields  bromides,  hvdriodic  acid  yields 
iodides.  The  alkaloidal  salts  of  these  acids,  are,  however,  called  hydrochlorides, 
hydrobromides  and  hydriodides. 

The  formation  of  salts  is  governed  by  valence,  just  as  is  the  origin 
of  all  other  compounds,  and  to  write  the  formulas  of  salts  intelligently 
it  is  essential  to  know  the  valence  expressed  in  the  table  on  p.  362. 

We  have  given  as  the  definition  of  valence  "the  relative  combining 
power  of  elements."  Valence,  however,  means  more  than  this,  and 
^heu  we  say  that  the  valence  of  sodium  is  one,  we  not  only  mean  that 
an  atom  of  it  can  combine  with  one  atom  of  chlorine  to  form  a  molecule 
of  sodium  chloride,  but  also  (what  is  the  same  thing  expressed  differently) 
one  atom  of  it  can  replace  one  atom  of  hydrogen  in  hydrochloric  acid 
(HCl)  to  form  the  molecule  of  sodium  chloride.  So  valence  not  only 
means  relative  combining  power,  but  also  the  relative  power  of  a  metal  to 
replace  the  hydrogen  of  an  acid. 

A  few  examples  may  perhaps  better  explain  this. 

I^t  us  take  sodium,  with  the  valence  one.  One  atom  can  replace 
one  atom  of  hydrogen  in  an  acid. 
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Nitric  acid,  HNOs,  has  one  atom  of  hydrogen;  this  can  be  replaced 
by  an  atom  of  sodimn,  when  we  get  NaNOj,  sodium  nitrate.  Sulphuric 
acid,  H2SO4,  has  two  atoms  of  replaceable  hydrogen;  therefore,  two 
atoms  of  sodium  are  needed,  when  we  get  Na»S04,  sodium  sulphate. 

Now  for  the  combinations  of  calcium,  valence  two,  which  means 
that  one  atom  of  calcium  can  replace  two  atoms  of  hydrogen  in  an  acid. 

Nitric  acid,  HNOj,  has  one  atom  of  hydrogen;  c^dcium  requires 
two;  accordingly,  we  take  one  atom  of  calcium  and  two  molecules 
HNO,,  thus: 

CII      ,      HNO3     -     TT       .      /^     — NOs 

replacing  the  two  hydrogen  atoms  by  one  Ca,  forming  Ca(N08)»,  calcium 
nitrate.^ 

Sulphuric  acid,  H2SO4,  has  two  atoms  of  hydrogen.  These  can  be 
replaced  by  one  atom  of  calcium,  when  we  get  CaS04,  calcium  sulphate. 

Phosphoric  acid,  H8PO4,  has  three  replaceable  atoms  of  hydrogen; 
calcium  requires  two.  This  complicates  matters  and  we  had  better 
write  the  equation  graphically : 


p 

Pi 


OH 


O 

OH  m^ u ^ 


-OH  I    — o — ^a 


A.     ^Po  ^TT        A.  Pfl       Ca8(P04)2 

OH     +   3Ca  =  3H,   +     _.__o_-V^a    Calcium  phosphate. 


G 


the  reaction  occurring  between  three  atoms  of  calcium  and  two  molecules 
of  phosphoric  acid,  the  six  hydrogen  atoms  of  which  are  replaced  by  the 
three  calcium  atoms. 

As  the  last  example,  let  us  take  bismuth,  valence  three;  one  atom 
of  bismuth  being  able  to  replace  three  atoms  of  hydrogen  in  an  acid. 

Nitric  acid,  HNO3,  has  one  hydrogen;  so  to  combine  with  bismuth 
three  molecules  of  nitric  acid  are  necessary,  thus: 

B.III            HNO.            ^^             D. NO.    BiCNO.^. 
1         +     «^NO.     =     Ha     +     Kl NO.    S-        xu     -x    X 
*         ^     HNO.            *  '     ^     *-** NO.    Bismuth  nitrate. 

Sulphuric  acid,  H2SO4,  has  two  atoms  of  hydrogen;  bismuth  requires 
three;  therefore  combination  occurs  between  three  molecules  of  the  acid 
and  two  atoms  of  bismuth,  thus: 

B-III  D* 

^         a.    218*  •^W      4.     "^^8*    Bi2(S04)3 

gjm    +    g-J8:     "     ^^^    +     BJ^^o:    Bismuth  sulphate. 

Phosphoric  acid,  H3PO4,  has  three  atoms  of  hydrogen;  bismuth 
requires  three,  so  the  combination  should  be: 

Bi  +  H,P04  =  Hs  +  BiP04    Bismuth  phosphate. 

To  sum  up  the  important  study  of  the  writing  of  formulas  of  salts: 

Halogen  Salts. — These  follow  the  general  rule  for  binary  compounds. 

Remember  that  all  official  compounds  the  name  of  whose  negative  ele- 

I  In  this  and  other  replacing  equations  found  in  this  chapter,  the  liberation  of  hydrocen  need  not  be 
taken  too  literally.  Metallic  calcium  plus  the  appropriate  add  may  liberate  hydrogen,  but  the  reac> 
tion  is  too  violent  to  be  practical.  In  general  manufacturing  the  oxide  or  carbonate  of  the  first  and 
second  group  of  metals  is  usually  employed. 
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nent  ends  in  "ide"  are  binary,  and  then  follow  the  general  rule  for  binary 
ormulas  given  on  p.  353;  the  process  being  merely  a  matter  of  relative 
^aJence.  As  to  writing  binary  compounds,  look  up  the  valence  of  the 
positive  and  negative  elements  of  the  compound,  and  combine  these  in 
[u^t  such  proportions  that  each  will  furnish  the  same  number  of  bonds; 

Valences  similar,        the  elemental  union  is  atom  for  atom. 
Valences  II  and  III,  *'  **    3  atoms  of  II  to  2  atoms  of  III. 

Valences  II  and  IV,  "  "    2  atoms  of  II  to  1  atom  of  IV. 

Valences  II  and  V,  "  ''5  atoms  of  II  to  2  atoms  of  V. 

Valences  II  and  VI,  "  "    3  atoms  of  II  to  1  atom  of  VI. 

Valences  II  and  VII,  "  **    7  atoms  of  II  to  2  atoms  of  VII. 

Combinations  of  the  valence  i  with  the  valence  ii  and  vii  are  so  simple 
that  they  need  not  be  given.  Until  the  student  becomes  expert,  it  is 
better  to  work  out  formulas  by  the  graphic  means  described  on  p.  351. 

In  writing  out  the  empirical  formulas  of  the  binary  compounds, 
remember  that  the  symbol  of  the  positive  element  comes  first,  then  that 
of  the  negative,  with  the  number  of  atoms  of  each  below  and  to  the 
right  of  the  respective  symbols. 

Ternary  Salts. — In  writing  a  formula  of  a  ternary  salt,  we  first 
must  know  the  formula  of  the  acid  from  which  it  is  derived,  and  this  is 
worked  out  from  the  formula  of  the  oxide,  which  in  turn  is  figured  by 
valence — ^by  the  regular  rule  for  the  writing  of  binary  formulas.  An 
example  can  best  illustrate  this. 

We  want  to  know  the  formula  of  sodium  sulphate  and  do  not  know 
either  the  formula  of  sulphuric  acid  nor  of  sulphuric  oxide.  Referring 
to  table  of  elements  on  p.  352,  we  find  the  valence  of  sulphur  is  ii,  nr,  and 
yi.  We  are  working  on  sulphuric  compounds,  and  the  valence  of  sulphur 
in  these  is  its  highest,  vi,  and,  graphically,  we  sketch  the  oxide. 

SO, 

Sulphuric  oxide. 

To  make  this  into  sulphuric  acid,  water  is  added,  by  the  following 
reaction: 

SO,  +  HjO  -  H,S04. 

Thus,  learning  that  the  formula  of  sulphuric  acid  is  HsS04,  and 
remembering  that  each  atom  of  hydrogen  removed  from  the  acid  in 
making  a  salt  calls  for  one  bond  of  the  replacing  metal,  we  now  look  at 
the  replacing  capacity — ^the  valence — of  the  metal.  We  find  that  sodium 
has  the  valence  one — ^that  one  atom  of  it  can  replace  but  one  atom  of 
hydrogen  in  an  acid.  As  sulphuric  acid  has  two  atoms  of  hydrogen, 
to  replace  these,  two  atoms  of  sodium  will  be  needed,  and  by  this  reasoning 
we  learn  that  the  formula  of  sodium  sulphate  is  Na2S04.  All  this  was 
fully  explained  on  p.  360. 

If  deemed  preferable,  the  haloid  salts — the  salts  of  hydrochloric, 
hydrobromic,  hydiiodic,  and  hydrofluoric  acids — may  be  worked  out  by 
this  idea  of  replacement  of  hydrogen  in  an  acid  by  a  metal,  as  the  follow- 
ing sketching  of  the  formulas  of  chlorides  will  show: 

Nai      Na  —  +  HCl    =     H   +  Na  —  CI      NaCl 
Ca"     Ca=tHCl    -    H.  +  Ca=Cl      ^-^1' 

BS  —      HCl  D!  —  ^1 

I  —  +  HCl    =  3H   +  Kl  —  CI      BiCU 
■  —       HCl  *^'  —  CI 
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This  explanation  can  be  condensed  into  the  following  table  of  formula 
writing.  If  we  want  the  formula  of  a  ternary  salt — say  sodium  sulphate 
— it  can  be  worked  out  by  answering  the  following  questions: 


Question 

1.  Of  what  acid  is  the  compound  a  salt? 

2.  From  what  oxide  is  this  acid  derived? 

3.  What  is  the  characteristic  element  in 

this  oxide? 

4.  What  is  the  valence  of  this  element? 

5.  What  is  the  valence  of  this  element  in 

the  oxide  above  mentioned? 


6.  What  is  the  graphic  formula  of  this 
oxide? 


Answer 

Applied  to  the  type,  aodium  sulphate 

A  sulphate  is  a  salt  of  sulphuric  acid, 
"ic^'  acids  giving  "ate"  salts. 

From  sulphuric  oxide,  the  name  of  the 
oxide  bein^;  always  that  of  the  acid. 

Sulphuric  acid  must  come  from  the  ele- 
ment sulphur. 

iij  IV,  and  VI,  as  shown  on  p.  352. 

''ic"  oxide  means  that  oxide  showing 
the  highest  valence  of  the  element, 
when  that  element  has  three  or  less 
valences.  Hence  in  sulphuric  oxide 
sulphur  must  have  the  valence  vi. 

One  atom  of  sulphur  with  valence  vi 
takes  three  atoms  of  oxygen  (valence 
ii)  for  saturation,  thus: 


s 


:0 
:0 


-        SO,. 


7.  How  is  the  acid  derived  from  this 

oxide? 

8.  What,  then,  is  the  formula  of  the 

acid? 

9.  What  is  the  valence  of  the  metal  in  the 

salt? 

10.  What  does  this  mean? 

11.  How  many  atoms  of  replaceable  hy- 

drogen are  there  in  the  acid  in  ques- 
tion? 

12.  Then  how  many  atoms  of  the  metal 

are  needed  to  make  a  molecule  of  the 
salt  in  question? 

13.  What,  then,  will  be  the  formula  of  the 

salt? 


By  addition  of  water,  thus,  SOa  +  HtO 

=  HjS04. 
HiSO«. 

The  table  on  p.  352  says  sodium  has  the 
valence  i. 

That  one  atom  of  sodium  can  replace 
one  atom  of  hydrogen  in  an  acid. 

In  H1SO4  there  are  two  atoms  of  replace- 
able hydrogen.. 

The  two  atoms  of  hydrogen  in  HsS04 
need  two  atoms  of  sodium  to  replace 
them. 

Its  formula  will  be  NasSOt. 


By  such  reasoning,  with  the  aid  of  the  table  on  p.  352,  practically  every  formula 
of  a  ternary  salt  can  be  worked  out. 

The  salts  produced  as  just  described — by  replacing  all  the  hydrogen 
of  an  add  by  a  metal — ^are  called  normal  saUs. 

Thus,  when  the  two  atoms  of  hydrogen  in  sulphuric  acid  (HSSO4) 
are  replaced  by  two  atoms  of  sodimn,  we  obtain  Na2S04 — normal  sodium 
sulphate. 

It  is  possible,  however,  to  replace  only  one  atom  of  hydrogen  in 
the  above  acid  by  one  atom  of  a  monad  metal,  and  if  sodium  is  the  metal, 
we  obtain  NaHSOi  (sodium  bisulphate),  one  hydrogen  still  remaining 
in  the  compound.  This  atom  of  hydrogen  still  exerts  its  acid  properties, 
and  such  salts  usually  turn  blue  litmus  red,  and  are,  therefore,  called 
acid  salts.  Why  these  salts  are  given  the  prefix  "  bi, "  as  Wsulphate,  Wtar- 
trates,  etc.,  will  be  explained  later. 

On  treating  these  axdd  saUSf  such  as  potassium  bitartrate  (KHC4H4O6), 
with  the  hydroxide  or  carbonate  of  another  metal  (and  be  it  here  said 
that  in  practice  the  metal  itself  is  rarely  used  in  making  these  salts, 
in  many  cases  it  being  too  dangerous  a  procedure),  the  other  metal 
replaces  the  remaining  atom  of  replaceable  hydrogen,  thereby  forming  a 
double  salt. 
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Thus,  replacmg  the  hydrogen  of  EHC4H4O6  by  an  atom  of  sodium, 
we  obtain  potassium  and  sodium  tartrate  (KNaC4H406)y  or  Rochelle  salt. 

In  due  course  of  time  (p.  673)  it  will  be  explained  why  only  part  of 
the  hydrogen  of  an  organic  acid  is  replaceable  by  a  metal. 

Besides  the  normal,  acid,  and  double  salts  just  mentioned,  there  is  a 
dass  of  salts  caUed  basic  salts.  In  the  acid  salts  there  is  predominance  of 
the  acid  portion;  in  the  basic  salts  there  is  a  deficiency  of  such.  These 
basic  salts  will  be  more  thoroughly  considered  later.  (See  p.  513.)  So 
here  suffice  it  to  state  that  most  of  the  ''sub"  preparations,  as  bismuth 
siibnitrate,  iron  sti&sulphate,  etc.,  are  basic  salts. 

CHEMICAL  ARITHMETIC 

The  pharmaceutic  applications  of  atomic  and  molecular  weights 
described  on  pp.  348  and  349  are  manifold. 

Thus,  through  molecular  weights  we  are  able  to  estimate  the  amount  of 
water  of  crystaUizcUion  in  a  chemical  (p.  149). 

For  instance,  let  us  figure  out  the  percentage  of  water  of  crystalliza- 
tion in  the  formerly  official  sodiiun  carbonate. 

The  formula  of  this  body  is  NajCOslOHaO,  which  means  a  molecular 
weight  of  286  as  the  following  reckoning  will  show: 

Atomic  weight  of  Na  is  23      Nas  »  2    X  23  »    46 
Atomic  weight  of  C     **  12       C      =  1    X  12  =    12 
Atomic  weight  of  O     "  16       O*    =  3    X  16  =    48  . 
Atomic  weight  of  H    "     1  lOH,    -  20  X    1  -    20 
Atomic  weight  of  O     "  16   lOO     -  10  X  16  «  160 

286 

The  molecular  weight  of  NajCOalOHjO  is  286,  and  of  this,  180  parts 
(20  +  160)  represent  the  ten  molecules  of  water  of  crystallization. 
What  per  cent,  of  286  is  180? 

This  is  easily  -^^^86  ^f  100  P^r  cent.,  or  63  per  cent.,  and  we  thus 
leam  that  63  per  cent,  of  crystalline  sodium  carbonate  is  water. 

Again,  the  knowledge  of  molecular  weights  is  imperative  in  estimating 
the  proportional  weight  of  substances  entering  into  a  chemical  reaction. 

For  instance,  let  us  calculate  the  amount  of  calcium  carbonate  and 
hydrochloric  acid  needed  to  make  calcium  chloride. 

Such  a  problem  is  solved  as  follows: 

We  first  figure  out  what  the  reaction  would  be,  and  express  same  by 
the  appropriate  equation. 

In  this  case  it  is: 

CaCO,  +         2HC1         =         CaCh         +        CO,        +      H,0 

,  1  molecule  2  molecules  1  molecule  1  molecule      1  molecule 

calcium  carbonate,    hydrochloric  acid,  calcium  chloride,  carbon  dioxide.      water. 

What  are  the  molecular  weights  of  these  several  bodies? 


CaCOj. 

At.wt.ofCa«40.Ca  =  1  X40-  40 
At.wt.of  C  =  12.  C  =  1  X  12  =  12 
At.wt.of  0,  =  16.  Os  =  3  X  16  =  j48 

Mol.  wt.  CaCO»  =  100 

CaCl, 

Ca  =  1  X  40  -  40 
^«  =  2  X  35.5  =■  71 
Mol.  wt.  CaCl,  =  111 


HCl. 

At.  wt.  of  H  =       1.  H  «  1  X       1  =       1 
At.  wt.  of  01  =  35.5.  CI  =  1  X  35.5  =  35J 

Mol.  wt.  of  HCl  =  36.5 
Hence  2  molecules  HCl  =  73.0 


CO, 

C    =  1  X  12  =  12 
O,  =  2  X  16  =  32 

Mol.  wt.  CO,  =  44 


H,0 

H,  =  2  X     1  -    2 
O    =  1  X  16  =  J6 

Mol.  wt.  H,0  =  18 
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To  write  equation  again: 

CaCOa  +  2HC1  -  CaCl,  +  CO,  +  H,0 
100  73  111        44  18 


This  summed  up  means: 

100  Gm.  absolute  calcium  carbonate ' 
and     73  ''  "        hydrochloric  acid 

173  Gm. 


Give  111  Gm.  calcium  chloride. 
44   "   carbon   dioxide. 
18  "    water. 


173  Gm. 


Observe  that  we  obtain  exactly  the  same  number  of  grammes  of  new 
substances  as  the  total  amount  of  material  with  which  we  started  in. 
In  other  words,  in  chemical  reactions  matter  is  not  lost,  but  merely  re- 
arranged.    (Law  of  coi]i&ervation  of  matter.) 

It  is  scarcely  necessary  to  say  that  the  amounts  given  in  the  above 
equation  are  merdy  proportional,  that  in  place  of  100  grammes  and 
73  grammes  given  above,  we  could  put  100  poimds  and  73  pounds;  100 
ounces  and  73  ounces;  or  100  tons  and  73  tons.  All  that  is  essential  is 
that  quantities  of  calcium  carbonate  and  hydrochloric  acid  be  in  the 
proportion  of  100  to  73. 

Let  us  carry  out  several  modifications  of  this  idea : 

(a)  Suppose  the  example  was:  "How  much  calcium  chloride  can  be 
made  from  1  pound  of  calcium  carbonate?" 

From  above  equation  we  see  that  100  pounds  calcium  carbonate  give 
111  pounds  calcium  chloride.     We  therefore  reason  thus: 

If  100  pounds  CaCOa  give  111  pounds  CaCU,  then  1  poimd  CaCOj  will  give  >{oo  oi 
111  pounds  CaCls,  or  1.11  pounds  GaClt. 

The  same  reasoning  expressed  in  proportion  reads: 


100     :    111     :  :    1  :  X 

111X1 
^      ""      100 


equals  1.11. 


(6)  Suppose  the  question  was  reversed,  and  read:  "How  many  ounces 
of  calcium  carbonate  and  of  absolute  hydrochloric  acid  are  needed  to 
make  60  ounces  of  calcium  chloride?" 

Since  this  question  asks  quantities  of  the  two  ingredients,  it  is  in 
reahty  two  examples,  and  we  must  solve  each  separately. 

From  the  above  equation  we  learn: 

100  oimces  calcium  carbonate  and  73  ounces  absolute  hydrochloric  acid  make  111 
ounces  calcium  chloride. 

Applying  this  truth  to  the  case  under  consideration,  we  reason — 

K  to  make  111  ounces  CaCls  we  need  100  ounces  GaCOa,  then  to  make  60  ounces 
CaCl]  we  will  need  ®^ii  times  100  ounces  GaCOs, 

6000  ^  ^^ 

or  -rrT-  ounces  CaCOa, 

or     54  -f-  ounces  CaCOa. 
Or  expressed  in  proportion: 

111     :    100     :  :    60    :     X 

100  X  60  ,    e^   . 

X       =«    — r-^  -  equals  64  +• 
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The  second  part  of  the  example  is  solved  by  similar  reasoning,  viz. : 

If  to  make  111  ounces  CaCU  we  need  73  ounces  absolute  HCl,  then  to  make  60 
Minces  CaCls  we  need  ®9iii  times  73  ounces  HCl,  or  **8j^j^j  otmces  HCl,  or  39.46 
>ances  absolute  HCl. 

Or  expressed  in  proiK)rtion: 

111      :     100     :  :    73     :     x 

100X73  ,    «^,^ 

X        —  — YY^ —  equals  39.46. 

(c)  The  figures  just  given  suggest  a  problem  of  simple  proportion 
which  can  be  best  considered  here. 

It  is  seen  that  the  answer  just  given  is  39.46  ounces  absolute  (100 
per  cent.)  hydrochloric  acid.  Now,  100  per  cent,  hydrochloric  acid  is  a 
gas,  and  what  we  commonly  call  hydrochloric  acid  is  a  solution  of  this 
gas  in  water,  the  hydrochloric  acid  directed  by  the  pharmacopoeia  being 
a  solution  containing  31.9  per  cent,  by  weight  of  the  gas  (p.  392). 

Now,  suppose  the  above  example  asked:  **How  much  hydrochloric 
acid  U.S.P.  is  needed  to  make  60  oimces  calcium  chloride?" 

We  have  just  seen  that  to  make  60  ounces  CaCU  39.46  ounces  100 
per  cent.  HCl  is  required.  Now,  if  we  use  the  weaker  31.9  per  cenf.  acid, 
it  will  require  a  proportionally  greater  quantity,  and  indeed  ^^^%19  X 
39.46  ounces,  or  ^^^^%ig  oimces,  or  123.7  ounces  of  31.9  per  cent,  hy- 
drochloric acid. 

The  amount  is  reasoned  out  as  follows:  This  part  of  the  problem  consists  of  a 
combination  of  alligation  and  proportion.  If  we  wish  to  dilute  100  per  cent,  acid 
to  a  31.9  per  cent,  acid  we  know  (see  page  59)  we  must  dilute  31.9  ounces  of  the  100 
per  cent,  with  enough  water  to  make  100  ounces  and  even  so  in  our  problem  each 
31.9  ounces  of  100  per  cent,  acid  must  be  replaced  by  100  ounces  of  31.9  per  cent, 
acid.  However,  the  amount  of  100  per  cent,  acid  called  for  in  our  problem  is  39.46 
ounc^  and  this  will,  of  course,  mean  a  proportionally  larger  amount  of  31.9  per 
cent,  acid;  that  is,  if  for  31.9  ounces  of  the  100  per  cent,  acid  we  must  use  100  ounces 
of  31.9  per  cent,  acid;  then  for  39.46  ounces  of  100  per  cent,  and  we  must  use  ^^-^^1.90 
times  100  ounces  or  123.7  ounces  as  shown  above.  The  equation  of  proportion 
would  be  31.9  :  100  :  :39.46  :  X.  X  =- 123.7. 

ft 

(d)  In  the  same  way  we  can  estimate  the  amounts  of  elements 
combining  to  form  a  compound. 

Suppose  the  question  is:  ''How  many  grammes  of  zinc  and  of  iodine 
are  needed  to  make  100  grammes  of  zinc  iodide?" 

The  question  in  this  case  runs  as  follows : 

Zn  +  I,  =  Znlj 

Atomic  weight  of  zinc,        65      Zn  »  1  X    65  »    05 

Atomic  weight  of  iodine,  126       Ii    =  2  X  126  «  252 

Molecular  weight  of  Znli  «  317 
Rewriting  the  equation : 

Zn     +     I2     =     Znl2 
66  252  317. 

This  means : 

To  make  317  Qm.  ZnU  we  need  65  Gm.  of  zinc  and  252  Gm.  of  iodine.  Then 
to  make  100  Gm.  Znlj  we  need  ^^%n  times  65  Gm.  of  zinc  and  ^^Hn  times 
252  Gm.  iodine,  or  20.5  Gm.  of  zinc  and  79.4  Gm.  of  iodine. 

Or  by  proportion : 

Astozmc,      317     :    65     :  :     100     :      X.    X       =     ^SlT^     ""     20.5. 

Aa  to  iodine,  317     :  252     :  :     100     :      x.     x       =     ^^n^^      "     '^^'^' 
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Lastly,  the  knowledge  of  molecular  weights  is  essential  in  quantitative 
analysis,  both  gravimetric  and  volumetric.  This  phase  of  the  question 
will  be  left  until  Chemical  Analysis  is  considered  in  Chapter  LIV. 

The  writing  and  balancing  of  chemical  equations,  such  as  those  given 
above,  will  be  explained  later  (p.  400). 
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CHAPTER  XXIII 
THE  NEGATIVE  ELEMENTS  AND  THEIR  COMPOUNDS 


On  p.  352  we  learned  that  the  elements  were  roughly  divided  into 
the  two  classes,  the  negative  elements  and  the  positive  elements,  accord- 
ing to  their  behavior  when  submitted  to  electrolytic  action.  We  have 
also  seen  that  the  hydroxides  of  the  negative  elements  are  called  acids, 
the  hydroxides  of  the  positive  elements  are  called  bases,  while  the  union 
of  the  acids  and  bases  results  in  a  class  of  compoimds  called  salts. 

The  salts,  along  with  the  bases,  will  be  considered  under  the  metal 
they  contain,  and  the  acids  will  be  considered  in  the  next  chapter,  as  it 
is  advisable,  before  proceeding  to  a  consideration  of  the  official  acids,  to 
study  the  negative  elements  from  which  the  important  acids  are  derived, 
as  well  as  those  recognized  by  the  pharmacopoeia. 

The  negative  elements  are  also  called  the  non-metallic  elements,  or 
metalloids.  The  non-metals  rarely  jpossess  a  metallic  appearance,  are 
usually  poor  conductors  of  electricity,  and  combine  with  hydrogen  to 
form  gaseous  bodies. 

A  list  of  the  negative  elements  of  importance  in  pharmacy  is  found  on 
p.  352,  while  the  following  table  shows  those  recognized  by  the  pharma- 
copoeia either  as  the  free  element  or  in  combination  other  than  in  acids 
or  in  salts.  In  this  list  the  negative  metals,  arsenic  and  antimony,  are 
not  mentioned,  since  their  analytic  behavior  groups  them  among  the 
metals,  and  they  can  there  be  more  profitably  (Uscussed. 
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(O): 
Water,  HjO. 
Distilled  water.  HtO. 
Sterilised  distilled  water,  HsO. 
Solution  of  hydrogen  dioxide  (containing  3  per  cent,  of  HsOi). 

Chlonne  (CI): 

Chlorinated  lime  (containing  35  per  cent,  available  chlorine). 

Solution  of  chlorinated  soda  (containing  2.5  per  cent,  available  chlorine). 

Itidine  (I): 

Tincture  of  iodine  (containing  about  7  per  cent,  iodine). 
Compound  solution  of  iodine  (containing  about  5  per  cent,  iodine). 
Ointment  of  iodine  (containing  4  per  cent,  iodine). 

Svhlimed  stdphtar  (S): 
Washed  sulphur. 
Precipitatea  sulphur. 

Nitrogen  monoxide  (NtO):  * 
Phoepharus  (P). 

Pills  of  phosphorus  (^o  of  1  milligramme  to  a  pill). 

Wood  charcoal  (more  or  less  pure  carbon). 

Boric  acid  (H^BOs). 

Purified  siliceous  earth  (a  form  of  SiO») : 

Hydrogen  is  not  recognized  by  the  U.S.P.,  but  is  worthy  of  notice  at 
this  place. 

Hydrogen  is  made  in  pharmacy  by  treatment  of  zinc  or  other  metals 
with  sulphuric  acid,  and  the  details  of  the  manufacture  will  be  given  later 
(see  p.  479).  In  commerce  many  other  cheaper  methods  are  employed. 
It  is  a  colorless,  odorless,  and  tasteless  gas,  and  is  interesting  as  being 
the  Ughtest  known  substance.  By  reason  of  this  fact  it  is  chosen  by 
chemists  as  the  standard  of  atomic  weight  and  of  a  large  number  of  other 
chemical  and  physical  measurements. 

OZYGENIUM— Oxygen 

(Oxygen) 

It  contiuns  not  less  than  95  per  cent,  by  volume  of  O  (16).     For  convenience  it  is 
usmally  compressed  in  metal  cylinders. 

Stmmmarized  Description: 

Colorless,  odorless,  tasteless  gas;  soluble  in  34  volumes  of  water  and  3.6  volumes 
ol  alcohoL  For  details  see  U.STP.,  p.  308.  For  tests  for  identity,  for  impurities  (car- 
bon dioxide,  halogens,  acids  and  bases)  and  for  assay ,  see  U.S. P.,  p.  308  and  also 
below. 

Remarks. — Oxygen,  while  used  a  number  of  years  in  medicine  is  now 
admitted  for  the  first  time  into  the  United  States  Pharmacopoeia.  It 
can  be  made  by  treating  potassium  chlorate  alone  or  preferably  a  mixture 
of  that  chemical  with  manganese  dioxide;  the  latter  substance  being 
added  to  prevent  too  rapid  evolution  of  the  gas.  A  modern  method  of 
extemporaneous  preparation  of  oxygen  is  by  inserting  a  perforated  can 
of  sodium  peroxide  (axone)  into  water  contained  in  a  suitable  metallic 
generator.  Most  of  the  commercial  oxygen  is  now  prepared  by  the 
fractional  distillation  of  liquid  air.  Oxygen  is  a  colorless,  odorless,  and 
Wasteless  gas,  which  is  non-inflanunable,  but  one  of  the  best  supporters 
of  combustion.  Its  use  in  medicine  is  becoming  more  extended  day  by 
^Ji  it  being  used  to  aid  respiration  in  extreme  cases  where  the  lungs 
'^hiBe  to  absorb  ordinary  air.  For  such  emergency  cases  a  good  quality 
of  Oxygen  is  absolutely  necessary,  and  it  behooves  the  pharmacist  to 
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arrange  to  procure  the  gas  with  little  loss  of  time.  The  manufacture  of 
the  gas  for  such  purposes  by  the  pharmacist  is  rarely  practicable,  and, 
moreover,  scarcely  necessary,  inasmuch  as  the  various  firms  in  different 
portions  of  the  country  will  furnish  an  excellent  quality  of  oxygen  in 
compressed  (liquid)  form  at  a  comparatively  low  figure.  Yet  it  may  here 
be  stated  that  the  writer  knows  of  a  pharmacist  in  a  small  city  some  years 
ago  who  developed  quite  a  business  and  materially  enhanced  his  reputa- 
tion by  furnishing  chemically  pure  oxygen  in  rubber  bags  for  just  such 
emergency  cases.  The  official  assay  of  oxygen  is  based  upon  the  fact 
that  when  50  mils  of  the  gas  is  shaken  with  10  mils  of  alkaline  solution 
of  pyrogallol  at  least  47.5  mils  are  absorbed. 

Ozonef  Os,  is  an  allotropic  form  of  oxygen.  It  is  usually  prepared  by  passing  air 
through  an  ozonizing  tube/'  in  which  the  oxygen  of  the  air  by  action  of  the  so-called 
'*  silent  discharge  "  of  electricity  is  condensed  to  ozone.  Ozonizing  tubes  are  now  sold 
for  the  purpose  of  purifying  the  air  in  houses.  Whether  the  ozone  really  purifies 
the  air  is  a  matter  of  dispute. 

AQUA— Water 

Summarized  Description, 

Colorless,  limpid,  tasteless  liquid.  Solids,  not  more  than  3  parts  to  10^000. 
For  details  see  XL 8. P.,  p.  63.  For  testa  for  identity,  for  impurities  (organic  matter, 
lead,  copper,  iron,  chlorides,  nitrites,  nitrates,  ammoniimi  compounds)  and  for  assay 
see  U.S.P.,  p.  62  and  also  Part  V  of  this  book. 

AQUA  DESTELLATA— Distilled  Water 

(Aq.  Dest.) 

Preparation. — Distil  1000  volumes  of  water,  throw  away  the  first  100  volumes  of 
distillate,  collect  the  next  760  volumes  and  throw  awajr  the  residue  left  in  the  still. 

Summarized  Description. — Colorless,  tasteless  limpid  liquid;  neutral  to  indicators. 
For  details  see  U.S. P.,  p.  67.  For  tests  for  identity ,  for  impurities  (sulphates,  chlorides, 
calcium,  metals,  ammonia,  carbon  dioxide,  organic  matter)  and  for  aseay^  see  U.S.P., 
p.  67  and  also  Part  V  of  this  book. 

AQUA  DESTELLATA  STERILISATA— Sterilized  Distilled  Water 

(Aq.  Dest.  SteriL) 

Condensed  Recipe. 

Place  distilled  water  in  a  flask  of  hard  glass  which  has  been  sterilized  as  directed  in 
the  official  monograph  on  sterilization  {p.  124).  Plug  the  flask  with  sterile  cotton, 
boil  the  water,  cool  and  cover  mouth  of  flask  with  paper.  For  details  see  U.S. P., 
p.  68. 

Remarks. — Of  the  three  ofl&cial  forms  of  water — agwa,  aqua  destiUata 
and  aqiba  destiUata  sterilizata — the  first  is  supposed  to  represent  the 
potable  water  furnished  by  the  ordinary  source  of  supply,  and  is,  there- 
fore, not  so  piu-e  as  distilled  water.  The  question  of  the  water-supply 
of  cities  is  one  receiving  much  attention  at  the  present  time,  but  it  is 
beyond  the  Umits  of  this  volume  to  enter  into  a  complete  discussion  of 
the  subject.  It  is  assumed  that  the  water  suppUed  by  a  municipality 
shall  be  potable;  i.e.,  not  merely  containing  a  minimum  of  the  inorganic 
salts,  but  also  free  from  the  bacteria  which  enter  it  through  sewage  con- 
tamination. The  pharmacopoeia  provides  a  test  for  the  limit  of  organic 
matter  in  the  potassium  permanganate  test,  it  directing  that  100  mils 
when  mixed  with  10  mils  of  diluted  sulphuric  acid  and  brought  to  the 
boiling-point  should  not  discharge  the  color  imparted  to  the  solution  by 


THE   NEGATIVE   ELEMENTS   AND   THEIR   COMPOUNDS  369 

the  addition  of  0.4  mil  of  decinormal  potassium  permanganate  solution, 
even  after  boiling  for  ten  minutes.  The  addition  of  the  quantity  of  the 
permanganate  solution  suggested  will  tint  the  water  a  decided  rose  color. 
If  organic  matter  is  present  when  this  solution  is  boiled,  the  liquid  will 
lose  its  rose  tint,  and  at  the  same  time  a  brown  precipitate  is  formed, 
this  change  being  due  to  the  fact  that  the  potassium  permanganate  loses 
its  oxygen  and  is  converted  by  this  reaction  into  the  insoluble  manganese 
dioxide.  If  the  water  is  free  from  organic  matter,  no  such  chemical 
change  occurs,  hence  the  rose  tint  will  remain.  This,  however,  is  not  an 
absolutely  fair  hygienic  test,  as  the  presence  of  innocent  organic  sub- 
stances— say,  even  sugar — produces  a  similar  discharge  of  the  rose  tint. 
Accordingly,  the  permanganate  is  of  value  chiefly  from  the  negative  side, 
that  is,  water  which  does  not  discharge  the  permanganate  tint  can  be 
considered  free  from  organic  matter,  but,  on  the  other  hand,  the  dis- 
charging of  the  color  does  not  necessarily  mean  the  presence  of  pernicious 
organic  matter.  Therefore  in  examining  water  the  permanganate  test 
should  always  be  considered  in  conjunction  with  three  other  tests  recog- 
nized by  the  pharmacopoeia — ^the  phenolsulphonic  acid  test  for  nitrates, 
the  sulphanilic  acid  test  for  nitrites,  and  the  Nessler  test  for  ammonia. 
In  water  analysis  the  last  is  the  most  important  chemical  test  for  sewage 
contamination.  In  the  thorough  application  of  this  test  the  water  is 
distilled  from  an  alkaline  solution  and  then  from  alkaline  permanganate 
solution,  whereby  any  nitrogenous  matter  present  in  the  water  is  con- 
verted into  ammonia,  which  is  detected  by  treating  the  distillate  with 
Nessler's  reagent.  (See  p.  449.)  This  reagent  wUl  produce  either  a 
yellow  coloration  or  a  brown  precipitate,  according  to  the  amount  of 
ammonia  present,  and  from  the  extent  of  coloration  has  been  evolved  a 
scheme  for  the  quantitative  estimation  of  the  albuminoid  ammonia  pres- 
ent in  the  water.  These  chemical  testa  are  of  value  merely  in  establish- 
ing the  fact  of  sewage  contamination,  and  it  may  here  be  said  that  the 
simple  fact  of  such  contamination  would  be  of  little  danger  were  the 
sewage  free  from  the  numerous  bacteria  which  cause  disease.  Of  the 
bacteria  causing  mischief  in  potable  water,  the  most  dangerous  is  that  of 
typhoid,  which  can  be  detected  only  by  an  expert  bacteriologist,  and  that 
only  indirectly,  as  the  identification  of  the  bacilli  is  so  difficult  that  the 
so-called  typhoid  tests  are  usually  based  on  the  detection  of  the  intestinal 
bacilli,  such  as  Bacillus  coU  communis.  In  closing  the  subject  mention 
may  be  made  of  the  fact  that  the  best  method  of  water  purification  is  by 
filtration  through  deep  layers  of  sand.  (See  p.  135.)  The  pharmacopoeia 
intends  that  aqua  should  be  potable  water  in  its  purest  obtainable  state, 
and  such  water,  after  having  been  proved  potable,  is  permitted  to  be 
used  by  the  pharmacist  in  most  of  his  manufacturing.  A  water  may  be 
hygienically  pure  and  yet  contain  salts,  the  presence  of  which,  while 
nowise  affecting  the  potability  of  the  water,  would  seriously  interfere 
with  the  use  of  such  water  in  the  manufacture  of  chemicals.  For  this 
reason  the  careful  pharmacist  usually  prefers  to  use  in  all  prescription 
work  distilled  water,  the  price  of  which  is  now  so  low  that  its  general 
use  is  not  an  extravagance. 

Distilled  water  is  made,  according  to  the  pharmacopoeia,  by  taking 
a  thousand  volumes  of  water,  distilling  it  from  a  suitable  apparatus, 
rejecting  the  first  100  volumes  which  come  over,  then  collecting  the  sub- 
sequent 750  volumes.  It  will  be  seen  by  this  process  that  the  first  100 
and  the  last  250  volumes  of  water  are  thrown  away,  the  intermediate 
portion  being  the  only  part  considered  fit  for  use.     The  explanation  of 
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this  procedure  is  found  in  the  fact  that  ordinary  water  is  usually  iinpm- 
nated  with  gaseous  substances,  such  as  carbon  dioxide  and  poesibh- 
ammonia,  and  that  these  gases  will  pass  over  with  the  first  lOOvolunxs, 
hence  this  portion  is  tlirown  sway.  The  same  water  contains  also  solij 
matter,  various  salts,  and  possibly  fixed  organic  material,  and  this  re- 
mains in  the  still,  and  the  phannacopoeial  provision  agunat  ocat.' 
evaporation  of  the  water  from  the  residue  is  to  prevent  churing,  witii  tbe 
subsequent  evolution  of  empyreumatic  matter. 

The  pharmacopceial  tests  for  distilled  water  are  much  m<He  sevm 
than  for  ordinary  water.     For  instance,  while  the  permanganate  t«t 
applied  to  ordinary  water  is  that  the  tint  should  not  be 
d&charged  after  boiling  100  mils  of  water  with  0.4  milcif 
decinormal  permanganate  solution  for  ten  minutes,  dis- 
tilled water  is  directed  to  be  mixed  with  0.1  mil  dednoc- 
mal  potassium  permanganate  solution  (one^uartcr  the 
quantity).    In  tbe  storing  of  distilled  water  more  cm 
should  be  taken  than  is  usually  observed,     lightly  cork- 
ing bottles  of  distilled  water  generally  results  in  the  de- 
velopment, in  the  water,  of  microscopic  plants,  connstini 
of  many  varieties  of  cryptogams,  including  Penicilliiun 
glaucum  and  a  number  of  algse.     Experience  has  8hon 
that  if  the  water  is  kept  in  bottles  which  are  looeely 
stoppered  with  a  pledget  of  cotton,  such  growths  at 
not  so  frequent.    At  the  prescription  counter  a  capitJ 
way  of  handling  the  water  is  to  place  it  in  a  half-gaUm, 
wide-mouthed  bottle  on  the  shelf,  six  or  seven  feet  abon 
the  fioor.     A  syphon  consisting  of  a  bent  glass  tube  vitli 
flexible  rubber  tube  at  the  end,  the  rubber  tube  termiMl- 
Fig.  230.— Distuied-  ''^8  with  &  tapering  glass  tube  and  provided  with  &  pintb- 
mtor  boid«T.       cock,  is  placed  in  the  water,  the  orifice  of  the  bottle  bemj 
closed  with  cotton.     When  water  is  desired,  all  that  is 
necessary  is  to  open  the  pinch-cock  and  allow  the  water  to  syphon  into 
the  bottle  or  graduate,  which  can  then  be  held  on  a  level  with  ibe  eye 
without  the  necessity  of  raising  the  heavy  water  receptacle  (Rg.  230). 
StvriUzed  distilled  vxUer  is  a  new  ofRcial  form  of  water  deagoed  to 
furnish  that  fluid  chemically  and  bacterially  pure.     The  pharmacopopiil 
monograph,  read  in  connection  with  the  chapter  on  sterilization  as  foupd 
in  the  pharmacopceia  and  on  p.  124  of  this  book  will  furnish  tbe  in- 
formation needed  by  the  student. 

LIQUOR  HYDROGEN!!  DIOXIDI— Solution  of  Hydrogen  Dioiide 

(Liq.  Hydrog.  Diox.— Aqua  Hydrogenii  Dioxidi,  U.S.P.  VIII.  Solu- 
tion of  Hydrogen  Peroxide) 

An  aqueous  solution  containing  not  less  than  3  per  cent,  by  veigbt 
of  HtOi  (34.02),  corresponding  to  not  less  than  10  volumes  of  available 
oxygen.  Preserve  it  in  a  cool  place  protected  from  light.  Upon  remov- 
ing the  stopper  from  the  bottle,  not  more  than  a  slight  pressure  shoulti 
be  observed. 
Summanzed  DescHplion. 

Colorless,  liquid,  usually  odorless,  acid  taste,  froths  when  held  in  mouth,  piw" 
to  deterioration.  MuBt  not  contain  more  than  ^oo  ^^  ^  P^r  cent.  <A  pnaervaUn 
For  details  see  U.S.P.,  p.  246.  For  tetla  for  identUy,  for  impuriiitt  (mm-TOUd' 
matter,  excess  of  acid,  arsenic,  heavy  metab,  hydrofluoric  acid,  oxalic  aad)  mm  w 
a—av  see  U.S.P.,  p.  24tt  and  also  Part  V  of  this  book. 
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Remarks, — Hydrogen  dioxide  was  discovered  by  Thenard  in  the  year 
1818,  and  is  recognized  by  the  pharmacopoeia  in  the  form  of  a  3  per 
cent,  solution  under  the  name  of  Liquor  Hydrogenii  Dioxidi. 

The  fonnula  H^Os  has  given  rise  to  considerable  discussion  as  to  the  structure  of 
this  body.  At  the  first  glance  it  seems  to  lead  to  the  conclusion  that  either  oxygen 
has  the  valence  i  or  hydrogen  has  the  valence  ii.  An  explanation,  however,  cover- 
ing the  usual  valences  of  these  two  elements  is  that  the  boay  consists  of  two  hydroxyl 
groups,  viz.,  HO — OH.  This,  however,  is  combatted  by  several  investigators,  who 
claim  that  if  such  a  linkage  were  true,  the  oxygen  woula  be  more  tightly  combined 
m  this  body  than  it  is  in  water,  whUe  the  reverse  is  true.  Others  claim  that  the 
graphic  formula  of  hydrogen  dioxide  is 

H\ 

)0  «  O. 

that  is,  it  exhibits  one  atom  of  tetravalent  oxygen,  while  still  others  think  it  repre- 
sents water  with  an  extra  atom  of  oxygen  verv  loosely  attached  thereto.  In  this 
connection  it  may  be  stated  that  practically  all  bodies,  the  formulas  of  which  are 
not  m  harmony  with  the  accepted  ideas  of  valence,  are  usually  of  unstable  character, 
and  no  better  example  of  this  need  be  given  than  the  unstable  hydrogen  dioxide. 

The  of&cial  solution  of  hydrogen  dioxide  is  prepared  by  treating 
barium  dioxide  with  phosphoric  acid.  The  usual  method  of  manu- 
facturing, however,  is  by  substituting  for  the  phosphoric  acid  the  cheaper 
sulphuric  acid.  The  equation  of  manufacture  from  sulphuric  acid  is  as 
follows: 

BaO,     +     HjSO*     »     H,0,     +     BaSOi. 

From  this  will  be  seen  that  the  barium  dioxide  is  converted  into  the 
insoluble  barium  sulphate,  from  which  the  solution  of  hydrogen  dioxide 
can  be  removed  by  simple  filtration. 

The  pharmacopoeia  provides  an  assay  of  hydrogen  dioxide,  based 
on  the  quantity  of  potassium  permanganate  solution  required  to  oxi- 
dize the  same. 

The  official  solution  is  a  clear,  colorless  Uquid,  having  a  slightly 
acidulous  taste,  producing  a  peculiar  sensation  and  a  soapy  froth  in 
the  mouth.    This  peculiar  sensation  is  due  to  its  oxidizing  action  on  the 
mucous  membrane  and  its  excretions.    Its  chemical  and  medical  action 
is  based  entirdy  on  the  amount  of  oxygen  that  it  gives  up  under  such  con- 
ditions, and  it  may  be  here  said  that  the  solution,  giving  off  its  oxygen  on 
standing,  deteriorates  rapidly.    Not  only  this,  but  the  evolution  of  oxy- 
gen in  tightly  closed  bottles  is  sometimes  so  considerable  as  to  cause  an 
explosion.    Hence  it  is  advisable  to  avoid  an  overtight  stopping  of  the 
bottle,  unless  the  latter  is  very  stout.     Manufacturers  preserve  hydrogen 
dioxide  solution  by  the  addition  of  a  small  amount  of  acetanilid  and  the 
present  pharmacopceial  test  for  limit  of  preservative  gives  tacit  approval 
of  the  custom.    Hydrogen  dioxide  is  used  in  medicine  as  an  antiseptic, 
and  in  the  arts  as  an  oxidizer.    An  illustration  of  the  latter  appUcation  is 
the  custom,  formerly  in  vogue,  of  bleaching  dark  hair  a  golden  tint  by  the 
application  of  hjrdrogen  dioxide.    The  disastrous  effects  of  the  continued 
treatment  of  this  kind  are  now  so  well  known  that  it  is  used  less  than  it 
formerly  was  for  this  purpose. 
Dmc. — 4  mils  (1  fluidrachm). 

THE  HALOGENS 

By  the  halogens  we  mean  the  four  elements,  chlorine,  bromine,  iodine, 
Mid  fluorine.    The  word  halogen  is  derived  from  two  Greek  words,  als, 
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which  means  a  salt,  and  eidos,  which  means  a  likeness^  the  phrase  being 
coined  to  illustrate  the  similarity  of  the  compounds  of  these  elements  to 
salt,  sodium  chloride,  which  is  taken  as  the  type  of  haloid  salts. 

CHLORINE 

Symbol,  CI.     Atomic  weight,  approximately  35.5 

This  element  derives  its  name  from  the  Greek  word  chloros,  which 
means  green,  because  of  the  greenish-yellow  tint  of  the  gas  itself.  Chlor- 
ine was  isolated  by  Scheele  in  1774,  who  obtained  it  from  hydrochloric 
acid  by  treatment  similar  to  that  now  in  vogue  in  its  manufacture.  By 
reason  of  its  origin  Scheele  called  the  new  substance  dephtogisticcUed 
muriatic  acidy  because  he  concluded  it  represented  hydrochloric  acid  which 
had  been  freed  from  phlogiston,  that  hypothetic  element  which  played  so 
important  a  part  in  the  chemical  philosophy  of  the  eighteenth  century. 
Scheele  considered  the  substance  a  compound,  and  it  was  not  until  1810 
that  Sir  Humphrey  Davy  proved  it  was  an  element,  and  by  him  it  was 
named  chlorine. 

Chlorine  is  manufactured  for  pharmaceutic  purposes  by  treatment  of 

hydrochloric  acid  with  manganese  dioxide,  in  which  case  the  reaction  is 

as  follows: 

^    4HC1  +  MnO,  -  2H,0  -h  MnCl,  -f  Clj. 

In  practice,  for  the  hydrochloric  acid  a  mixture  of  common  salt 
and  sulphuric  acid  is  usually  substituted,  the  chemical  action  being 
by  either  of  the  following  equations,  according  to  relative  proportion 
of  chemicals  used: 

-  (a)  2NaCl  +  2H2SO4  -h  M11O2  =  Na^SO*  +  MnSO*  +  2H2O  +  CI,. 
-  (6)  2NaCl  +  3H,S04  4-  MnO,  =  2NaHS04  +  MnSO*  +  2H,0  +  CI,. 

This  process  has  the  advantage  over  the  first  process  in  avoiding  loss 
of  hydrochloric  acid,  for  it  will  be  noticed  that  when  hydrochloric  acid 
is  used,  half  of  it  goes  to  make  manganese  chloride,  while  in  the  second 
process  the  metals  combine  with  the  less  expensive  sulphuric  acid. 

An  economic  modification  of  the  first  process  is  found  in  Wddon^s 
regenerative  process^  which  consists  in  treating  the  manganese  chloride 
with  lime  in  the  presence  of  air,  the  reaction  being  as  follows: 

MnCl,  -f  2CaO  +  O  =  CaCl,  -f-  CaMnOs. 

From  the  calcium  chloride  thus  produced  hydrochloric  acid  can  be 
obtained,  and  from  this  the  chlorine  can  be  easily  isolated,  while  from 
the  calcium  manganate,  manganese  dioxide  is  produced. 

Chlorine  is  used  so  largely  in  the  arts  that  the  isolation  of  the  element 
is  one  of  the  great  industries  especially  in  England.  As  in  the  case  of 
such  industries,  persistent  efforts  are  made  to  obtain  more  satisfactory 
and  cheaper  processes  of  manufacture.  The  Weldon  regenerative  proc- 
ess, above  cited,  was  an  illustration  of  the  ingenuity  used  in  attempting 
to  cheapen  the  production  of  this  staple;  and  investigators  turned  their 
efforts  to  the  obtaining  of  chlorine  without  the  use  of  the  comparatively 
expensive  manganese  salt.  One  chemical  process  of  this  character,  which 
has  the  advantage  of  being  practically  continuous,  is  the  Deacon  process. 
In  this  process  bricks  or  other  porous  pieces  of  earthenware  are  impreg- 
nated with  a  saturated  solution  of  the  sulphates  of  copper  and  so<Uum; 
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af t^r  heating  to  redness  in  a  furnace  the  vapors  of  hydrochloric  acid  are 
passed  over  them.     The  following  reaction  ensues: 

(a)  CuS04  +  2HC1  =  CuCl,  +  HjSOi. 

The  sulphuric  acid  of  the  above  reaction  is  condensed,  and  is  thus 
saved.  The  bricks,  now  impregnated  with  copper  chloride,  are  then 
heated  in  a  current  of  air,  the  reaction  being  as  follows: 

(6)  CuClj  +  O  =  CuO  +  CU. 

The  chlorine  vapors  are  then  passed  into  the  desired  condensing 
a^ent,  be  it  water  or  lime,  while  copper  oxide  remains  in  the  brick.  The 
bricks  are  then  heated  in  a  current  of  hydrochloric  acid,  the  reaction 
being : 

(c)  CuO  +  2HCI  -  CuCl,  +  H,0, 

and  the  water  is  allowed  to  escape  as  steam.  It  will  oe  seen  that  the 
bricks  are  impregnated  once  more  with  copper  chloride,  and  from  that 
time  on  they  are  treated  with  successive  appUcations  of  air  and  hydro- 
chloric acid  vapor  by  the  reactions  b  and  c.  Thus  a  comparatively  small 
quantity  of  copper  salt  will  be  made  to  convert  tons  of  hydrochloric  acid 
into  chlorine. 

Of  late  chlorine  has  been  produced  by  electrolytic  methods,  the 
Castner  process  consisting  of  passing  electricity  through  a  solution  of 
sodium  chloride,  the  negative  pole  being  in  a  separate  compartment, 
access  to  which  is  through  a  layer  of  mercury.  In  this  way  the  salt  is 
decomposed  into  chlorine  and  sodium  hydroxide,  whereas  when  the 
negative  pole  is  in  the  same  compartment  as  the  positive,  chlorinated 
soda  is  produced. 

A  method  of  obtaining  chlorine  at  the  prescription  counter  is  by  the 
treatment  of  potassium  chlorate  with  hydrochloric  acid.  The  reaction 
might  be  expressed  by  the  following  equation: 

KCIO,  +  6HC1  =  KCl  -h  3H,0  +  3  Ch. 

It  is,  however,  more  complex  than  is  suggested  by  the  above  equation 
for  various  oxides  of  chlorine  are  produced  at  the  same  time.     This  reac- 
tion is  used  for  the  extemporaneous  manuf  act\u*e  of  a  preparation  similar  to 
chlorine  water,  and  it  constitutes  the  N.F.  recipe  for  compoimd  solution 
of  chlorine.     For  some  years  it  was  a  popular  prescription  in  several 
sections  of  the  coimtry,  the  physician  prescribing,  instead  of  chlorine 
wj^ter,  a  solution  of  potassium  chlorate  containing  hydrochloric  acid. 
According  to  the  method  in  which  this  prescription  is  compounded 
two  very  different  results  are  obtained.     If  the  potassium  chlorate  is 
dissolved  in  water  and  the  hydrochloric  acid  added  to  the  diluted  solu- 
tion, we  obtain  merely  an  acid  solution  of  potassium  chlorate.     On  the 
other  hand,  if  the  powdered  potassium  chlorate  is  placed  in  a  bottle,  the 
prescribed  quantity  of  hydrochloric  acid  added,  and  the  bottle  allowed  to 
stand  corked  a  minute  or  two,  the  yellow  fumes  of  chlorine  are  evolved, 
a^nd  on  filling  the  bottle  with  water  a  variety  of  chlorine  water  is  obtained . 
In  receiving  such  a  prescription  the  careful  pharmacist  is  frequently  in  a 
<iuandary  as  to  which  method  he  shall  pursue.     In  the  writer's  experience, 
several  physicians  objected  to  the  chlorine  water.     Therefore  the  only 
^vice  that  can  be  given  is  to  call  the  attention  of  the  prescriber  to  the 
two  possibilities,  and  ask  which  result  is  desired.     It  is  usual,  however, 
that  the  method  in  which  the  chlorine  is  easily  evolved  is  the  desired 
method  of  compounding  the  prescription. 


374  PRINCIPLES   OF   PHARMACY 

The  Medical  Use  of  Chlorine. — This  represents  but  a  small  tithe  of 
its  commercial  value,  it  being  safe  to  say  that  tons  of  chlorine  are  used 
for  bleaching  and  manufacturing  purposes,  where  pounds  of  chlorine  are 
used  in  the  healing  art.  In  m^cine  the  use  of  chlorine  is  chiefly  as  a 
disinfectant. 

Disinfectants  are  those  bodies  which  destroy  offensive  organic  mat- 
ter— material  which  by  decomposition  breed  disease.  Most  disinfec- 
tants are  oxidizing  agents,,  but  chlorine  is  particularly  interesting  because 
it  in  itself  is  not  a  complete  oxidizing  agent.  To  be  an  oxidizing  agent  a 
body  should  contain  oxygen  which  it  can  give  up.  Oxygen,  of  course,  is 
not  found  in  chlorine,  but  this  energetic  element  performs  the  function 
by  borrowing  oxygen  of  its  neighbor  in  this  manner: 

5C1,  4-  6H,0  «  HCIO,  +  OHQ  +  O,. 

In  other  words,  chlorine  acts  as  an  oxidizing  agent  only  in  the  presence 
of  water. 

The  above  statement  also  explains  the  bleaching  action  of  chlorine. 
The  use  of  chlorine  as  a  bleach  was  discovered  by  Berthollet  in  the  year 
1788,  and  the  process  proved  so  much  more  satisfactory  for  the  finishing 
of  textile  fabncs  than  sun-bleaching,  then  in  vogue,  that  its  use  soon 
became  extended.  At  first  the  various  cloth  factories  produced  their 
own  chlorine  used  in  bleaching,  but  since  the  manufacture  of  chlorine  was  a 
matter  so  different  from  that  of  the  manufacture  of  cloth,  it  soon  fell  into 
the  hands  of  experts.  The  transportation  of  the  chlorine  to  the  cloth 
manufacturers  soon  became  a  serious  matter.  In  those  days  the  com- 
pression of  gases  had  not  reached  the  stage  of  perfection  that  now  obtains, 
and  at  first  the  only  practical  method  of  dispensing  was  in  the  form  of  an 
aqueous  solution,  and  the  transportation  of  the  large  quantity  of  the 
water  necessary  to  hold  the  small  quantity  of  chlorine  rendered  this  plan 
practically  prohibitive.  The  problem  of  a  practical  method  of  transpor- 
tation of  chlorine  was  found  oy  Tennant,  in  the  year  1799,  in  his  dis- 
covery of  chlorinated  Ume,  it  being  found  that  freshly  burnt  Ume  waa 
capable  of  absorbing  as  much  as  35  to  40  per  cent,  of  its  weight  of  chlor- 
ine. From  that  time  on  the  cloth  manufacturers  made  use  of  this  bleach- 
ing powder,  and  the  manufacture  of  this  chemical  is  now  one  of  the  most 
important  industries  in  England.  Chlorine  is  found  in  a  loosely  com- 
bined form  in  chlorinated  lime,  U.S.P.,  and  in  soliUian  of  chlorinated 
soda,  U.S.P. 

liquor  chlori  compositus  (U.S.P.  VIII;  N.F.  IV)  is  prepared  by  warming  together 
in  a  flask  hydrochloric  acid  and  potassium  chlorate  and  after  the  evolution  of  ohiorine 
is  accomplished  cold  distilled  water  is  added  to  the  mixture.  The  finished  product, 
which  contains  about  0.4  of  1  per  cent,  of  chlorine,  should  be  freshly  prepared  when- 
ever wanted.     (Seep.  190.) 

Aqua  chlori  (U.s.P.  1890)  was  a  saturated  aqueous  solution  of  chlorine  gas  (0.4 
per  cent) ;  the  gas  being  produced  by  the  action  otmanganese  dioxide  on  hydrochloric 
acid. 

CALX  CHLORINATA— Chlorinated  Lime 

(Calx.  Chlorin.— "Chloride  of  Lime") 

A  product  resulting  from  the  action  of  chlorine  upon  calcium  hydroxide,  and -con- 
taining not  less  than  30  per  cent,  of  available  chlorine  [CI  »  35.46].  Preserve  it  in 
air-tight  containers,  in  a  cool  and  dry  place. 

Summarized  Description, 

White,  or  gray-white  granular  powder,  smelling  of  chlorine;  deliquesces  and 
decomposes  on  exposure;  partly  soluble  in  water  and  alcohol,  entirely  soluble  in 
diluted  acetic  acid  with  liberation  of  chlorine.  For  details  see  U.S.P.,  p.  96.  For 
teats  for  identity,  and  for  assay,  see  U.S.P.,  p.  96  and  also  Part  V  of  this  book. 
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fiemarfcs.— Chlorinated  lime  is  defined  as  a  compound  resulting 
[rom  the  action  of  chlorine  upon  calcium  hydroxide^  and  containing  not 
less  than  30  per  cent,  of  available  chlorine.  The  requirement  of  the 
pharmacopoeia  of  1890  (35  per  cent,  of  available  chlorine)  was  unduly 
high,  experience  showing  that  practically  no  chlorinated  lime  of  strength 
greater  than  30  i>er  cent,  can  be  found  in  the  market;  hence  at  the  last 
revision  the  requirement  was  cut  to  30  per  cent.  As  mentioned  above, 
chlorinated  lime  is  made  by  the  passage  of«  chlorine  gas  over  slaked 
Ume,  the  process  being  carried  on,  on  a  large  scale,  by  passing  the  gas  into 
specially  constructed  chambers  in  which  the  Ume  is  arranged  in  (Ufferent 
layers  on  special  racks. 

Chlorinated  lime  should  not  be  called  "  chloride  of  lime,'^  for  it  is  not 
chloride  of  lime;  that  (or,  more  correctly,  calcimn  chloride)  having  the 
formula  CaCU.  Some  authorities  give  the  formula  of  chlorinated  lime  as 
CaOCU,  which  gives  the  idea  of  a  definite  chemical  compound,  which  the 
body  is  not.  It  is  a  loose  indefinite  mixture  of  calcium  chloride,  CaCU, 
and  calcium  hypochlorite. 

What  is  calcium  hypochlorite?  The  calcium  salt  of  hypochlorous 
acid,  which  comes  from  hypochlorous  oxide. 

And  what  is  hypochlorous  oxide?  That  oxide  of  chlorine  in  which  the 
element  shows  its  lowest  valence. 

And  what  is  the  valence  of  chlorine? 
The  valence  of  chlorine  is  i,  iii,  v,  and  vii. 

In  hypochlorous  oxide  chlorine  has  the  valence  i,  hence  the  formula  of 
the  oxide  (oxygen  having  valence  ii)  is  Cl-O-Cl  or  CUO.  Hypochlor- 
ous acid  is  made  by  adding  water  to  the  oxide— CUO  +  H2O  =  EL2CI2O2  = 
2HC10.  Calcium  has  the  valence  11 — one  atom  replaces  two  hydrogen 
atoms  of  an  acid.  Since  hypochlorous  acid,  HCIO,  has  but  one  hydrogen 
atom  and  two  are  needed,  we  double  the  formula,  making  it,  as  above, 
HsCljOs,  and  replacing  the  two  hydrogen  atoms  by  one  calcimn  atom  we 
get  CaCUOa,  or,  as  it  is  usually  written,  Ca(OClj).  This  is  the  formula  of 
calcium  hypochlorite. 

Chlorinated  Ume  is  a  mixture  of  calcium  chloride  (CaCU)  and  calcium 
hypochlorite  (Ca02Cl2).    Let  us  add  these — 

Calcium  chloride Ca      CI2 

Calcium  hypochlorite Ca  O2CI2 

The  sum  is Ca202Cl4,  or  2CaOCU,  for  which  the 

graphic  formula  Ca^^i     has  been  assigned. 

There  are  few  chemicals  regarding  whose  composition  there  has 
been  more  discussion  and  less  resultant  knowledge.  Besides  the  two 
formulas  just  given,  there  have  been  a  number  of  other  suggestions  as  to 
its  composition. 

Thus,  in  order  to  explain  why  a  large  residue  of  calcium  hydroxide 
is  left  when  the  chemical  is  extracted  with  water  (for  a  mixture  of  cal^ 
cimn  chloride  and  calciimi  hypochlorite  would  be  completely  soluble),  it 
has  been  claimed  that  chlorinated  lime  is  a  mixture  of  calcium  chloride 

with  a  body  Ca^  Qp,-     This  body  is  supposed  to  dissociate  when  treated 

with  water  as  follows: 

/OH 
2Ca<         -   Ca(OCl),     +    Ca(OH),. 
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Is  it  not  possible  that  chlorinated  lime  is  a  solution  or  physical  com- 
bination of  chlorine  gas  in  calcium  hydroxide  plus  more  or  l^ss  calcium 
chloride? 

This  would  explain  how  calcium  hydroxide  remains  when  water  is 
added;  this  would  also  explain  why  chlorinated  lime  constantly  loses 
chlorine  on  standing.  Chlorinated  lime  is  used  as  a  general  disinfectant. 
Enormous  quantities  are  now  employed  for  the  purification  of  the  public 
water  Supply. 

LIQUOR  SODM  CHLORINATiE— Solution  of  Chlorinated  Soda 

(Liq.  Sod.  Chlorinat. — ^Labarraque's  Solution) 

An  aqueous  solution  of  chlorine  compounds  of  sodium,  containing  not  less  than 
2.5  per  cent,  of  available  CI.  Preserve  the  Solution  in  well-stopper^  bottles,  in  a 
cool  place,  protected  from  light. 

Summarized  Description. 

Pale  green  liquid;  faint  odor  of  chlorine;  alkaline  taste.  For  details  see  U.S. P., 
p.  253.  For  testa  for  identity j  and  for  assay  see  U.S. P.,  p.  253  and  also  Part  V  of 
this  book. 

Jiecipe. 

For  full  details  of  manufacture,  see  Part  VII. 
Assay, — See  Part  V. 

Remarks. — This  preparation  is  made  by  adding  a  solution  of  mono- 
hydrated  sodium  carbonate  to  a  paste  obtained  by  triturating  chlorin- 
ated lime  with  water.  The  resulting  mixture  is  filtered  and  enough 
water  is  used  to  wash  the  precipitate  to  make  a  product  containing  2.5 
per  cent,  of  available  chlorine.  Elvove  suggests  its  preparation  by  pass- 
ing chlorine  gas  through  a  solution  of  socfium  hydroxide,  of  the  proper 
strength. 

Solution  of  chlorinated  soda  is  called  Labarraque's  solution,  after 
the  French  chemist  who  devised  the  original  formula.  JaveUe  wcUefy  or 
solution  of  chlorinated  potassa,  was  the  original  preparation,  but  experi- 
ence showed  Labarraque's  solution  to  be  the  more  satisfactory  prepara- 
tion, hence  JaveUe  water  has  fallen  into  disuse.  Note  that  these  two  prepa- 
rations are  called  solutions  of  chlorinated  soda  and  potassa,  with  the 
express  intention  of  emphasizing  the  imcertainty  of  the  chemical  char- 
acter, and  it  may  be  here  stated  that  these  two  preparations,  as  well  as 
the  chlorinated  lime  above  mentioned,  are  now  considered  as  irregular 
solutions  of  chlorine  in  the  alkalies  rather  than  as  definite  chemicals. 

BROMINE 

Symbol,  Br.     Atomic  weight,  approximately,  80 

Bromine  (U.S.P.  VIII;  N.F.  IV)  was  isolated  by  Balard  in  1826  from 
water  of  the  Mediterranean.  On  account  of  the  very  irritating  odor  it 
possesses,  the  discoverer  named  it  after  the  Greek  word  bromos,  which  means 
a  stench.  Bromine  is  made  from  the  bromides  by  a  process  analogous  to 
that  for  the  isolation  of  chlorine — i.e.j  by  treatment  of  the  bromide  with 
sulphuric  acid  and  manganese  dioxide — a  sufficient  quantity  of  acid  is 
added  so  that  at  the  end  of  the  reaction  the  manganese  will  be  of  the  form 
of  a  sulphate,  thus  insuring  complete  isolation  of  the  bromine.  As  the 
source  of  bromine  a  native  brine  called  bittern  is  generally  used.  This 
bittern  is  found  in  various  sections  of  the  world,  one  of  the  chief  sources  of 
supply  being  salt  wells,  found  in  the  southwest  of  West  Virginia  and  in  the 
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adjacent  territory  of  southeast  Ohio  and  western  Pennsylvania.  This 
bittern  contains  sulphates,  bromides,  and  chlorides  of  the  alkalies,  chiefly 
of  magnesium,  and  a  crude  concentration  of  the  brine  causes  the  crystal- 
lization of  the  less  soluble  sulphates  and  clJorides,  leaving  a  mother  liquid 
consisting  chiefly  of  magnesium  bromide.  From  this  mother  liquid 
bromine  is  obtained  by  the  following  reaction: 

MgBr,  +  MnOs  +  2H,S04  =  MgS04  +  MnSOi  +  2H,0  +  Br,. 

In  addition  to  the  explanation  of  the  reaction  given  above  it  need  only 
be  added  that  the  bromine,  on  distilling  from  the  reacting  mixture,  is 
condensed  in  earthenware  worms,  and  enters  the  market  after  purifica- 
tion by  redistillation.     Bromine  is  a  very  heavy  brown  Uquid,  specific 
gravity  3.000,  having  a  disagreeable  and  irritating  odor.     The  corrosive 
action  of  its  vapor  renders  it  necessary  to  use  care  in  handling,  as  it  is  apt 
to  cause  injury  to  the  mucous  membrane  of  the  nose  and  throat  and  also 
to  the  delicate  tissue  of  the  eye.     The  liquid,  bromine,  is  decidedly 
caiistic,  hence  the  operator  must  be  careful  to  avoid  dropping  same  on  his 
hands  or  face. 

It  is,  of  course,  largely  used  in  the  preparation  of  the  very  popular 
bromides.  On  treating  a  solution  of  soda  with  bromine  we  obtain  solu- 
tion of  sodium  hypobromite,  which  is  analogous  to  the  Labarraque's 
solution  just  described,  and  is  used  instead  of  Labarraque's  solution  in 
determination  of  urea.  The  National  Formulary  gives  a  recipe  for 
liquor  bromi,     (See  p.  190.) 

lODXJM— Iodine 

It  contains  not  less  than  99.5  per  cent,  of  I  (126.92).     Preserve  it  in  glass-stoppered 
bottles,  in  a  cool  place. 

Sumnuarized  Description. 

Bluish-black  rhombic  plates,  having  metallic  lustre;  distinctive  odor;  acid 
taste;  sp.  gr.  4.66;  stains  skin  brown;  soluble  in  2960  parts  of  water,  in  12.5  parts 
of  alcohol,  in  aqueous  solution  of  potassium  iodide.  For  details  see  U.S. P.,  p.  228. 
For  tests  for  idenlityj  for  impurities  (moisture,  cyanogen,  chlorine,  bromine,  iodine 
cyanide)  and  for  assay  see  U.S.P.,  p.  228  and  also  Part  V  of  this  book. 

Remarks. — This  element  was  discovered  by  Courtois  in  the  year  1811, 
and  the  discovery  was  annomiced  by  Clement  before  the  National  Insti- 
tute November  29,  1813.     It  was  named  by  Gay-Lussac  (1813)  after  the 
Greek  word  iodoSy  meaning  violet,  on  account  of  the  violet  tint  of  its 
vapor.    Iodine  was  formerly  obtained  entirely  from  the  ashes  of  marine 
plants.    In  some  sections  of  the  world,  notably  the  North  of  Ireland  and 
on  the  Scotch  coast,  these  weeds  were  collected  in  considerable  quantities, 
and  after  being  dried,  were  burned,  the  ashes  being  called  "fceZp"  in 
Ireland,  and  ^^varec**  in  Normandy.     These  ashes  contain  iodides,  and 
by  treatment  with  manganese  dioxide  and  sulphuric  acid  they  yield  iodine 
by  either  of  the  following  reactions: 

(a)  2KI  +  MnOj  -f-  2H,S04  =  K^SO*     -h  MnSO*  +  2H,0  +  I,. 

(b)  2KI  -h  MnO,  +  3H,S04  -  2KHSO4  +  MnS04  4-  2H2O  +  Ij 

In  both  these  cases  the  iodine  is  separated  by  subUmation. 
In  other  sections  other  methods  of  isolation  are  employed,  such  as 
treatment  of  the  ashes  with  chlorine,  nitrous  acid,  ferrous  and  copper 
s\i\phates.    Moreover,  processes  are  now  in  vogue  in  which  an  infusion  of 
iTae  aearweed  is  used  instead  of  the  ashes,  these  later  and  more  economic 
processes  being  devised  in  order  that  the  European  product  might  com- 
pete with  the  great  modern  source  of  iodine,  the  nitre  beds  of  Peru. 
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The  Peruvian  nitre  consists  chiefly  of  sodium  nitrate  (the  so-called 
Chile  saltpeter).  This  is  obtained  from  the  ore  by  lixiviation,  and  the 
saline  solution  is  concentrated  to  the  point  at  which  the  sodium  nitrate 
will  crystallize. 

The  mother  liquor  from  this  crystallization  contains  sodium  iodate, 
which  is  obtained  by  evaporating  the  liquid  to  dryness.  Iodine  is  isolated 
from  this  impure  iodate,  NalOs;  by  treatment  with  sulphurous  acid» 
the  reaction  being: 

3H,S0,  +  HIO,  =  3H,S04  4-  HI. 
6HI  -f  HIO,  =  3H,0     4-  3Ii. 

In  all  these  South  American  processes  except  the  last  the  crude  iodine 
is  separated  from  the  other  products  by  filtration.  It  is  then  purified  by 
subhmation.  Iodine  is  a  blue-black,  metallic-appearing  solid,  insoluble 
in  water,  but  soluble  in  a  solution  of  potassium  iodide,  in  alcohol,  in  ether 
and  chloroform,  the  solution  in  the  last  two  solvents  being  a  pink  to  pur-' 
pie  tint.  It  is  quite  volatile,  hence  it  must  be  preserved  in  well-closed 
bottles,  and  by  reason  of  its  volatility  it  is  usually  purified  by  sublima- 
tion, hence  the  trade  name  of  the  best  quality  of  iodine  is  resvblimed 
iodine. 

The  test  for  iodine  is  the  fact  that  it  turns  mucilage  of  starch  an  intense 
blue-black  color.  When  this  test  is  applied  for  the  detection  of  iodides 
it  is  necessary  to  Uberate  the  iodine  by  treatment  with  some  substance 
containing  free  chlorine.  The  iodides  form  a  characteristic  yellow  pre- 
cipitate of  silver  iodide  when  treated  with  a  solution  of  silver  nitrate,  and 
this  precipitate,  unlike  similar  precipitates  from  chlorides  and  bromides, 
does  not  dissolve  in  ammonia  water.  This  is  the  basis  of  the  official  test 
for  distinction  of  bromides  and  chlorides  given  in  the  pharmacopoeia. 
The  aqueous  and  alcoholic  solutions  of  free  iodine  have  a  brown  tint,  and 
such  solutions  are  decolorized  by  treatment  with  sodium  thiosulphate 
(h3rposulphite,  see  p.  444),  the  equation  being: 

Is     +    2NasS,0s     «     2NaI     +  ^  NasSfO^. 

Both  products  of  the  reaction  just  given — sodium  iodide  and  sodium 
tetrathionate — ^are  colorless,  and  the  latter  chemical  has  the  graphic  for- 
mula— 
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The  word  "tetrathionate"  means  literally  "four-sulph-ate,"  tetra 
being  Greek  for  "four,"  and  thion  means  "sulphur"  in  the  same  language. 

This  decoloration  of  iodine  by  sodium  hyposulphite  is  applied  in  mak- 
ing the  so-called  decolorized  tincture  of  iodine  of  the  National  Formulary 
(p.  236).  As  will  be  seen  from  above  equation,  the  name  is  a  misnomer, 
as  the  decolorized  preparation  contains  no  uncombined  iodine,  and  for  all 
purposes  a  solution  of  potassium  or  of  sodimn  iodide  would  have  equal 
therapeutic  value. 

The  property  of  sodimn  hyposulphite  of  decolorizing  iodine  is  applied 
for  the  quantitative  estimation  of  that  dement  and  its  derivatives.  For 
this  purpose  a  volumetric  solution  of  sodium  hyposulphite  is  dropped  into 
the  iodine  solution  until  the  latter  is  decolorized. 

In  order  sharply  to  distinguish  the  end  reaction,  a  starch  paste 
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is  used  as  an  indicator,  the  blue-black  tint  in  the  mixture  being  discharged 
the  moment  a  sufficient  quantity  of  the  volumetric  solution  is  added. 
(See  Chapter  LIV.) 

Dose. — 5  milligrammes  (J^2  grain). 

TINCTURA  lODI— Tincture  of  Iodine 

(Tr.  lodi) 

An  alcoholic  solution  of  iodine  and  potassium  iodide.  One  hundred  mUs  contains 
not  less  than  6.5  Gm.  nor  more  than  7.5  Gm.  of  I  (126.92)  and  not  less  than  4.5  Gm. 
nor  more  than  5.5  Gm.  of  KI  (166.02). 

Condensed  Recipe. 

Dissolve  70  Gm.  iodine  in  a  concentrated  aqueous  solution  of  50  Gm.  potassium 
iodide.    Then  add  enough  alcohol  to  make  1  liter.     For  details  see  U.S. P.,  p.  457. 

Assay. — See  U.S. P.,  p.  458  and  Part  V  of  this  book. 

Remarks. — Tincture  of  iodine  is  an  alcoholic  solution  containing  7  per 
cent,  of  iodine,  5  per  cent,  of  potassium  iodide  and  5  per  cent,  of  added 
water.  The  addition  of  the  iodide  was  suggested  by  La  Wall,  as  a  means 
of  preventing  loss  of  iodine  strength  of  the  tincture,  as  iodine  in  simple 
alcoholic  solution  is  partly  converted  into  hydriodic  acid  and  such  a  tinc- 
ture on  assay  will  show  a  deficiency  of  free  iodine.  The  La  Wall  plan  is  a 
success,  as  a  tincture  so  prepared,  on  standing,  becomes  actually  stronger 
in  iodine,  due  to  evaporation  of  the  alcohol. 

The  other  official  preparations  of  iodine  are:  compound  solution  of 

.  iodine,  which  contains  5  per  cent,  of  iodine  dissolved  in  water  by  aid  of  10 

per  cent,  of  potassium  iodide  (p.  187) ;  and  the  ointmeni  of  iodine^  which 

contains  4  per  cent,  of  iodine  and  4  per  cent,  potassium  iodide,  rubbed 

with  glyoerm  and  benzoinated  lard  (p.  334). 

STJLPHUR 

Symbol,  S.     Atomic  weight,  approximately  32 

This  element  has  been  known  from  ancient  times,  the  name  being 
of  Latin  origin,  derived  from  two  words,  sal  (salt)  and  pyr  (fire).  Sul- 
phur is  found  in  the  free  state  in  the  neighborhood  of  volcanoes,  it  being 
emitted  through  these  from  the  interior  of  the  earth.  It  is  also  found  very 
widely  distributed  in  combination,  for  example,  gypsum,  which  is  cal- 
cium sulphate,  iron  pyrites  (ferrous  sulphide),  and  galena  (lead  and  silver 
sulphide).  The  commercial  source  of  sulphur  is  chiefly  crude  brimstone, 
which  is  obtained  either  from  the  sides  of  volcanoes  or  else  mined  in 
certain  sections  of  the  world,  as,  for  example,  a  very  extensive  deposit 
of  sulphur  in  Louisiana. 

Sulphur  is  extracted  from  the  Louisiana  mines  by  sinking  several 
4-inch  steel  tubes  into  the  deposit,  and  passing  superheated  water  through 
one  of  the  tubes.  The  heat  of  the  water  melts  the  sulphur,  while  the 
pressure  forces  the  fused  sulphiur  through  the  other  tubes  into  vats  or 
ponds,  where  it  solidifies. 

The  crude  volcanic  sulphur  is  roughly  purified  by  straining  and  pour- 
ing into  iron  molds.  Such  sulphur  comes  into  the  market  in  cylindric 
pieces,  one  or  two  feet  long  and  two  or  three  inches  in  diameter,  under  the 
name  of  roll  sulphur  or  brimstone.  A  purer  commercial  form  is  svb^ 
limed  sulphur  or  flowers  of  sulphur,  which  is  made  by  putting  brimstone  in 
cast-'ron  retorts  and  collecting  the  vapors  in  large,  well-cooled  chambers^ 
on  the  floors  of  which  sulphur  falls  in  the  form  of  fine  powder. 
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Sulphur  is  a  lemon-yellow  body,  and  according  to  whether  it  is  rolled 
sulphur  or  sublimed  siQphur,  is  in  lump  or  powder  form.  These  repre- 
sent some  of  several  forms  which  the  element  assumes.  Thus,  if  brim- 
stone is  fused  and  let  stand  until  a  pellicle  forms  on  the  surface  of  the 
fused  mass,  and  then  the  liquid  portion  is  poured  oflf,  the  element  is 
found  in  the  form  of  yellow  prismatic  crystals. 

A  third  form  which  the  element  assumes  is  prepared  by  taking 
either  the  crystals  or  the  rolled  sulphur,  and  heating  it  in  a  crucible  to  a 
temperature  of  IGO^C,  when  it  is  poured  into  cold  water,  forming  an 
elastic,  rubber-like  mass  called  amorphous  sulphur.  These  three  widely 
different  bodies  are  sulphur  and  nothing  else,  and  it  is  now  supposed  to  dif- 
fer in  having  say,  two,  six  or  eight  atoms  of  sulphur  in  the  different 
molecule.  Several  elements  are  known  to  possess  this  same  character- 
istic of  assuming  different  forms,  and  such  a  phenomenon  is  called 
allotropism. 

The  oflBcial  forms  of  sulphur  are: 

STJLPHUR  SUBLIMATTTM— Sublimed  Sulphur 

(Sulph.  Sublim. — Flowers  of  Sulphur) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not 
less  than  99.5  per  cent,  of  S  (32.07).     For  complete  monograph  see  p.  22. 


Dose. — 4  grammes  (60  grains). 

SULPHUR  LOTUM— Washed  Sulphur 

(Sulph.  Lot.) 

Washed  Sulphur,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric 
acid,  contains  not  less  than  99.5  per  cent,  of  S  (32.07). 

Condensed  Recipe, 

Mix  100  Gm.  sifted  sublimed  sulphur  with  100  mils  of  water,  add  10  mils  of  ammonia 
water  and  macerate  three  days.  Then  dilute  with  more  water,  throw  mixture  on 
strainer  and  wash  with  water  until  washings  do  not  turn  red  litmus  blue.  Then  dry 
and  sift.     For  details  see  U.S. P. 

Summarized  Description, 

Fine  yeUow  powder,  responding  to  the  tests  for  sublimed  sulphur.  For  details 
see  U.S. P.,  p.  419.  For  tests  for  iderUiiyy  for  impurities  (limit  of  acid  or  alkali, 
arsenic ;  non-volatile  residue,  not  more  than  ]riQi\  per  cent.)  and  for  aasa2/seeU.S.P., 
p.  419  and  also  Part  V  of  this  book. 

Dose, — 4  grammes  (60  grains). 

SULPHUR  PRiECIPITATTTM— Precipitated  Sulphur 

(Sulph.  Praec. — ^Lac  Sulphur.     Milk  of  Sulphur) 

Precipitated  Sulphur,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric 
acid,  contains  not  less  than  99.5  per  cent,  of  S  (32.07). 

Condensed  Recipe, 

Take  50  Gm.  calcium  oxide,  mix  with  500  mils  of  water,  add  100  Gm.  sifted 
washed  sulphur  and  boil  mixture  for  one  hour.  Decant  clear  liquid,  filter  the 
remainder  and  add  to  entire  sulphur  solution  enough  hydrochloric  acid  (16  per 
cent.)  to  almost  neutralize.  Collect  precipitate  on  strainer,  and  wash  with  water  until 
free  from  calcium  salts.     For  details  see  U.S.  P.,  p.  419. 

Summarized  Description, 

Fine  yellow  powder,  responding  to  tests  for  sublimed  sulphur.  For  details 
see  U.S.P. 
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Yor  tests  for  identity ^  for  impurities  (araenic),  excess  of  acid  or  alkali  aiMpfor 
assay  see  U.S.P.,  p.  420  and  also  Part  V  of  this  book. 

Remarks. — Washed  sulphur  is  the  sublimed  sulphur  from  which  the 
sulphurous  and  sulphuric  acid  have  been  removed  by  washing  with  a 
diluted  solution  of  ammonia. 

In  subliming  sulphur  there  is  always  suf&cient  air  present  to  effect 
a  slight  oxidation  of  the  sulphur,  which  means  the  production  of  sulphur- 
ous oxide,  SO2,  and  stilphuric  oxide,  SOj,  and  these  oxides  pass  over  with 
the  vaporized  sulphur  and  cling  to  it  on  solidification.  Hence  almost  all 
sublimed  sulphiu*  contains  traces  of  acid  impurities.  These  impurities 
produce  griping  effect  when  contaminated  sulphur  is  administered,  and, 
accordingly,  the  removal  of  these  traces  of  acid  is  advisable.  This  is 
accomplished  by  washing  the  sulphur  with  volatile  alkali — ammonia 
water — this  possessing  the  great  advantage  over  the  fixed  alkahes  (sodium 
hydroxide  or  potassium  hydroxide)  of  being  easily  separated  from  the 
sulphur,  simple  exposure  to  air  removing  the  last  traces. 

Precipitated  sulphur  is  made  by  precipitating  sulphur  from  its  alkaline 
solution  by  the  addition  of  hydrochloric  acid,  the  equation  of  the  two 
stages  of  the  reaction  being: 


a)      3CaO     +     6S  =     2CaS,    4-     CaSjOa 

3CaO     +     6Sj  -     2CaS6     +     CaSjO,. 

(6)      2CaS2    +     CaS,0,    +     6HC1      =     SCaCl,     +     6S     -h     SHjO. 


^ 


The  equations  can  be  explained  as  follows:  We  prepare  a  solution 
of  sulphur  by  chemically  combining  it  with  calcium  oxide,  whereby  there 
is  produced  a  soluble  mixture  of  the  polysulphides  of  sulphur,  CaSa  to 
CaSs,  and  calcium  thiosulphate,  CaSaOj.  This  sulphur  solution,  a  form 
of  which  is  solution  of  sulphurated  lime  N.F.  (see  p.  190),  is  filtered,  and 
to  the  clear  Uquid  is  added  another  clear  liquid,  hydrochloric  acid,  when 
a  copious  precipitate  occurs,  the  acid  seizing  the  calcium  to  form  calcium 
chloride,  and  thus  goes  into  solution,  while  the  sulphur  is  precipitated. 
If,  in  the  above  reaction,  sulphuric  acid  is  used  as  a  precipitant  instead 
of  hydrochloric  acid,  we  obtain  a  precipitate  consisting  of  sulphur  con- 
taminated with  calcium  sulphate.  This  body  is  known  in  commerce  as 
lac  sulphur,  or  milk  of  sulphur.  The  pharmacist  must  bear  in  mind  that 
this  does  not  represent  the  pharmacopoeial  precipitated  sulphur,  which 
one  should  specify  by  its  official  name  in  ordering.  A  simple  test  whereby 
to  distinguish  the  official  precipitated  sulphur  from  the  milk  of  sulphur  is 
that  the  former,  when  burned  on  the  end  of  a  spatula,  should  yield  no 
residue,  whereas  after  burning  the  milk  of  sulphur  there  will  remain  a 
considerable  quantity  of  calcium  sulphate.  All  three  official  forms  of 
sulphur  enjoy  considerable  popularity  as  so-called  '*  blood  purifiers." 

Dose.— 4  grammes  (60  grains). 


Hydrogen  Sulphide,  HsS,  \a  the  well-known  gas  of  disagreeable  odor,  produced 
when  ferrous  sulphide  or  other  sulphides  is  treated  with  a  diluted  acid.  Its  use  in 
analytical  chemistry  is  described  in  Part  V.  It  should  be  borne  in  mind  that  it  is 
poisoQous  when  inhaled  as  little  as  ^  of  1  per  cent,  mixed  in  air  having  toxic  e£fect. 

Sulphuris  lodidum  (U.S. P.  VIII;  N.F.  IV)  is  prepared  by  mixing  sulphur  and 
iodine  together,  after  which  they  are  heated  in  a  flask  until  fusion  is  accomplished. 
The  method  is  not  satisfacto)^,  since  considerable  iodine  is  lost  by  volatilization 
during  the  process  of  fusion.  Prunier  lessens  this  loss  by  first  fusing  the  sulphur  and 
then  sprinkling  the  iodine  in  the  fused  mass.  Iodized  sulphur  is  an  indefinite  mix- 
ture, since  it  loses  iodine  on  standing.  It  has  been  claimed  to  possess  the  formula 
Sjl:,  which  can  be  explained  by  the  following  structural  formula : 

S— I 

u 
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In  this  it  will  be  noticed  that  we  have  two  atoms  of  bivalent  sulphur;  one  bond 
of  each  is  used  in  holding  together  its  neighboring  sulphur  atom.  Tlius,  each  atom 
of  stilphur  has  only  one  bond  to  which  iodine  is  linked. 

Carbonei  Disulphidum  (U.S.P.  VIII)  is  made  bv  passing  the  vapors  of  sulphur 
through  carbon  contained  in  a  red-hot  tube  or  cylinder. 

Carbon  disulphide  is  a  heavy,  mobile,  inflammable  liauid,  with  the  offensive  odor 
of  rotten  eggs.  It  is  said  to  be  odorless  when  absolutely  pure,  a  happy  condition 
never  as  yet  attained  by  the  writer,  although  he  has  often  rectified  the  cusulphide  for 
analytic  work. 

This  rectification  can  be  performed  by  the  ordinary  process  of  distillation,  with 
the  one  saf^^uard  of  preventing  direct  contact  of  the  distilling  flask  with  flame.  For 
this  reason  it  is  even  imadvisable  to  use  a  flame  for  heating  the  water  on  which  the 
distilling  flask  rests.  If  a  steam-bath  is  not  at  hand,  the  distillation  must  be  carried 
on  by  pourinjg  heated  water  into  the  bath,  rather  thaii  by  directlv  heating  the  water. 
As  caroon  dSulphide  boils  at  47°C..  the  occasional  filting  of  the  water-baths  with 
boiling  water  will  very  rapidly  volatilize  all  the  carbon  disulphide.  The  chief  use  of 
carbon  disulphide  is  ad  a  solvent  for  India-rubber  and  was  formerly  official  because 
of  its  use  for  this  purpose  in  preparing  mustard  paper  of  the  last  pharmacopceia. 

NITROGEN 

Symbol,  N.    Atomic  weight,  approximately  14 

Nitrogen  was  discovered  as  a  constituent  of  the  air  by  Rutherford 
in  1772.  The  name  nitrogen  was  coined  by  Chaptal  in  1796  from  the 
two  words  nitron^  nitre,  and  gennaOj  I  produce;  investigation  having 
shown  that  it  was  a  constituent  of  nitre  or  saltpeter. 

Nitrogen  is  usually  prepared  on  the  small  scale  by  heating  ammonium 
nitrite,  (or,  in  practice  a  mixture  of  sodium  nitrite  and  anmionium  chlo- 
ride) the  equation  of  reaction  being: 

NH4NO,     +    heat     =     Ni     +    2H,0. 

It  is  now  being  prepared  from  the  atmosphere  by  electrolytic  processes. 

Nitrogen  is  a  colorless,  tasteless,  odorless,  and  inert  gas,  which  is  of 
no  pharmaceutic  value.  Its  chief  occurrence  in  uncombined  state  is  in  the 
atmosphere,  of  which  it  constitutes  about  77  per  cent,  by  weight  and  79 
per  cent,  by  volume,  and  in  which  it  does  the  inestimable  service  of  dilut- 
ing the  very  active  constituent,  oxygen.  It  has  been  proved  that  air  is 
a  mechanical  mixture  of  nitrogen  and  oxygen,  along  with  a  small  quantity 
of  carbonic  oxide,  moisture,  and  traces  of  salts. 

Nitrogen  forms  five  chemical  combinations  with  oxygen,  and  of  these 
five  oxides,  only  two  follow  the  simple  rules  of  valence. 

The* graphic  formulas  of  the  five  are  supposed  to  be  as  follows: 

Nitrogen  monoxide,  NjO  t,  \^ 
(Laughing-gas),  i^/^ 

N-0 
Nitrogen  dioxide,  N2O2,     I 

N=0 


Nitrogen  trioxide  q^W_(^W^q 

Nitrous  oxide,  N2O  8,  11  M 

Nitrogen  tetroxide,  N2O4,  O^-vi — O — nl^Q 

Nitrogen  pentoxide,  0~M     ^k W^^O 

Nitric  oxide,  N,06,  o=ll""^^~ll=0 


Of  these  five  oxides,  two — ^nitrous  oxide,  N2OJ,  and  nitric  oxide,  NaO« 
— will  be  considered  in  the  next  chapter  among  the  acids.  Of  the  other 
three,  one  is  now  ofiicial. 
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Nitrogen  dioxidey  Nsd,  is  incorrectly  called  nitric  oxide,  as  that  name  more 
properly  belongs  to  nitrogen  pentoxide,  NsOs,  since  that  is  the  oxide  from  which 
aitric  acid  is  derived. 

Xitn)gen  dioxide  is  the  colorless  gas  produced  in  a  nitrometer  when  ethyl  nitrite 
or  other  nitrites  are  treated  with  potassium  iodide  and  sulphuric  acid.  (See  assay 
of  spirit  of  nitrous  ether,  p.  596).  It  cati  be  studied  only  in  an  inclosed  apparatus 
like  a  nitrometer^  for  as  soon  as  it  comes  in  contact  with  the  atmosphere  it  is  converted 
into  nitro^n  tetroxide. 

For  this  reason^  while  it  is  produced  in  oxidations  with  nitric  acid  (see  Manu- 
facture of  Solution  of  Ferric  Sulphate,  Part  VII),  it  can  never  be  detected  when  such 
reactions  occur  in  the  air,  where,  instead  of  the  colorless  nitrogen  dioxide,  the  red- 
brown  fumes  of  nitrogen  tetroxide  are  evolved. 

NITROGENn  MONOXXDUM— Nitrogen  Monoxide 
(Nitrogen,  Monoz. — Nitrous  Oxide) 

Nitrogen  Monoxide  gas  [NfO  «  44.02]. 

Summarized  Description. 

Colorless  gas;  slight  odor:  sweetish  taste;  usually  dispensed  compressed  in  me- 
tallic cylinders;  soluble  in  0.76  volume  of  water  at  25^0.  For  details  see  U.S.P.. 
p.  28a 

For  teste  for  identUy  and  for  impuritiee  (carbon  dioxide,  halogens,  acids  or  bases, 
reducing  substances)  see  U.S.P.,  p.  280  and  also  Part  V  of  this  book. 

Remarks. — This  new  official  substance  is  called  laughing  gas  and  also, 
TLnfortunatdy,  nitrous  oxide,  a  synonym  which  should  fall  into  disuse, 
since  the  term  more  properly  belongs  to  nitrogen  trioxide.  It  is  made  by 
heating  ammonium  nitrate,  viz. : 

INH4NO,  +  heat  =  NtO  +  2H2O 

It  is  a  colorless  gas  of  faint  odor  and  sweetish  taste  and  is  used  as  an 
anesthetic,  not  only  in  dental  practice  but  also  in  such  operations  as 
removing  adenoid  growths.  It  has  lately  been  brought  into  prominence 
as  an  anesthetic  by  Crile  who  uses  it  in  conjunction  with  the  hypodermic 
administration  of  morphine  and  scopolamine  and  with  a  local  anesthetic 
like  novocaine  in  performing  "shockless  operations." 

NilTOQen  tetroxide,  Ns04,  is  of  interest  to  us  only  because  a  product  of  oxidation 
with  nitnc  acid  mentioned  above. 

It  is  a  heavy,  red-brown,  irritating  vapor,  and  can  be  easily  produced  by  pouring 
nitric  acid  on  copper  turnings. 

It  Ls  claimed  by  some  writers  that  Na04  is  colorless,  and  that  the  red-brown  gas 
has  the  formula  NOt. 

PHOSPHORUS— Phosphorus 
(Phosphor.) 

Phosphorus  [P  =  31.04]  must  be  carefully  preserved  unaer  water,  in  strong,  well- 
closed  containers,  in  a  secure  and  moderately  cool  place,  protected  from  light. 

Summarized  Description. 

Translucent,  almost  colorless  solid,  turning  on  exposure  white,  red  or  even  black, 
upon  the  surface;  waxy  consistence,  ignites  on  exposure  to  air;  sp.  gr.,  1.83;  melts  at 
'^'^C. ;  soluble  in  about  330  parts  of  absolute  alcohol  and  about  25  parts  of  chloroform ; 
practically  insoluble  in  water.  For  details  see  U.S.P..  p.  319. 
_  For  tests  for  identUy  and  for  impurities  (arsenic,  sulpnur)  see  U.S.P.,  p.  319  and  also 
Part  V  of  this  book. 

Remarks. — The  name  of  this  element  is  derived  from  the  two  Greek 
words,  phos,  "light,"  and  pherein,  "to  bring,"  hence  the  name  light-carrier, 
designating  the  prominent  characteristic  of  phosphorus,  the  term  having 
teen  used  before  the  discovery  of  phosphorus  for  other  phosphorescent 

bodies. 
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Phosphorus  was  discovered  by  Brandt  in  1669.  This  alchemist,  in 
examining  urine,  placed  some  in  a  retort  and  subjected  it  to  distillation. 
The  residue  in  the  retort,  after  the  distillation,  became  charred,  and  the 
charcoal  acted  on  the  phosphates  present,  isolating  free  phosphorus, 
which  appeared  in  the  retort  with  its  characteristic  phosphorescence. 

The  manufacture  qf  phosphorus  from  m'ine  was  in  vogue  for  one 
hundred  years,  it  being  first  prepared  from  bones  by  Scheele,  in  1771, 
the  element  being  discovered  in  bones  by  Gahn  a  few  years  earlier. 

Phosphorus  is  never  found  in  the  free  state  in  nature,  as  contact  with 
the  air  causes  a  combination  of  it  with  the  atmospheric  oxygen. 

It  is  found  abundantly  in  the  form  of  calcium  phosphate  in  many  min- 
erals, such  as  apatite — calcium  chlorophosphate  and  the  "phosphate 
rock"  of  the  southern  Atlantic  States.  Calcium  phosphate  is  also  the 
main  inorganic  constituent  of  the  bones,  bone-ash  containing  86  per  cent, 
of  that  chemical. 

Phosphorus  is  made  from  bone-ash,  there  being  several  stages  in  the 
process.  The  bone-ash  is  first  treated  with  sulphuric  acid,  thus  forming 
calcium  sulphate  and  acid  calcium  phosphate,  as  shown  in  the  following 
equation : 

(a)  Ca5(P04)2  +  2H,S04  -  2CaS04  +  CaH4(P04)2. 

In  passing,  it  might  be  mentioned  that  the  acid  calcium  phosphate 
just  cited  is  the  constituent  of  the  popular  '^add  phosphates,*^  and  similar 
preparations,  such  as  the  solution  of  phosphoric  acid  of  the  former  edi- 
tions of  the  National  Formulary.  In  making  phosphorus  the  acid  phos- 
phate obtained  in  the  above  reaction  is  then  submitted  to  a  high  heat, 
whereby  it  loses  water  and  is  converted  into  calcium  metaphosphate,  as 
shown  in  the  following  equation: 

(6)  CaH4(P04),  4-  heat  =  Ca(PO,),  +  2H,0. 

This  calcium  metaphosphate  is  then  heated  with  charcoal  in  a  retort, 
and  is  decomposed  into  phosphorus  and  calcium  pyrophosphate,  as  shown 
in  the  following  equation : 

(c)  2Ca(P0a)j  +  5C  «  P2  +  CajPtOr  +  5C0. 

A  better  yield  of  phosphorus  can  be  obtained  by  using  the  larger 
proportion  of  carbon  suggested  in  the  following  equation,  thus  getting 
calcium  phosphate  instead  of  calcium  pyrophosphate: 

id)  3Ca{POa)i  +  IOC  -  P4  -f  Ca3(P04)2  +  lOCO. 

In  practice  the  reactions  b  and  c  are  conducted  together,  and  the  iso- 
lated phosphorus  is  separated  from  the  calcium  pyrophosphate  (or  phos- 
phate) by  distUlation;  the  distilled  phosphorus  being  collected  under 
warm  water  and  run  into  molds  while  still  fused. 

Phosphorus  is  now  being  manufactured  by  heating  calcium  phosphate 
with  charcoal  and  sand  in  the  electric  furnace,  imder  an  atmosphere  of 
coal-gas  (Parker  process). 

Phosphorus  is  interesting  as  assuming  the  characteristic  allotropic 
forms — the  yellow,  the  red,  and  the  metallic.  Phosphorus  (U.S.P.)  is 
the  yellow  variety,  and  usually  comes  in  commerce  in  cyUndric  sticks 
which  must  be  kept  under  water  or  otherwise  protected  from  the  action 
of  the  atmosphere.  This  yellow  phosphorus  is  as  soft  as  wax,  melts  at 
44°C..  is  soluble  in  absolute  alcohol,  ether,  chloroform,  and  fixed  oils. 
Exposed  to  the  air,  yellow  phosphorus  catches  fire  spontaneously,  emit- 
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ing  dense  white  fumes  of  phosphoric  oxide,  P2O6.  This  property  renders 
b  necessary  to  handle  phosphorus  with  the  utmost  care,  and  in  weighing 
ame  for  pharmaceutic  purposes  it  should  always  be  done  in  water;  i.e., 
he  stick  of  phosphorus  should  be  cut  under  water  contained  in  an  evapo- 
ating  dish,  and  weighed,  not  directly  on  the  scale-pan,  but  in  a  beaker 
;lass  containing  water.  That  the  weight  of  the  beaker  glass  and  the 
vater  should  be  previously  determined  goes  without  saying. 

As  mentioned  above,  the  yellow  phosphorus,  even  under  water,  emits 
k  faint,  whitish  light,  which  is  supposed  to  be  due  to  an  evolution  of  mi- 
mte  quantities  of  phosphine,  PH3,  and  the  immediate  decomposition  of 
lame  with  the  evolution  of  a  microscopic  flame. 

The  red  phosphorus  is  prepared  by  heating  the  yellow  variety  to  300^C.  in  closed 
tubes,  in  an  atmosphere  of  nitrogen.  This  product  is  a  dark-red  powder,  perfectly 
stable  in  air,  and  comi)aratively  non-toxic.  Red  phosphorus  is  largely  used  in  place 
3f  yellow  phosphorus  in  the  manufacture  of  matches  and  the  like,  and  its  use  has 
greatly  lessenea  the  dangers  of  this  trade. 

Metallic  phosphorus  is  made  by  heating  the  red  to  530^C.  in  vacuo.  It  appears 
m  steel-like  scales,  and  has  no  interest  in  pharmacy. 

Medical  Properties. — Powerful  nervous  stimulant;  a  violent  poison. 
Dose, — 0.5  milligramme  (K20  grain). 
Antidote. — Old  (ozonized)  oU  of  turpentine. 

Official  Preparation. — Pills  of  phosphorus,  each  containing  about 
Moo  grain  of  phosphorus  (p.  312).  * 

The  National  Formulanr  eives  recipes  for  oleum  phoavkoratum  or  phosphorated 
oil,  a  1  per  cent,  solution  01  pnosphorus  in  expressed  oil  of  almond;  ligtior  phosphori 
or  Thompson's  solution  of  phosphorus,  containing  J^oo  ^^  ^  P^^  cent,  of  phosphorus 
in  a  mixture  of  glycerin  and  dehydrated  alcohol,  spirit  of  peppermint  being  used  as  a 
flavor;  and  elixir  of  phosphorus.     (See  p.  209.) 

CARBON 

Symbol,  C.    Atomic  weight,  approximately  12 

The  name  of  this  element  is  derived  from  the  word  carbo,  which  was 
the  Latin  name  for  coal. 

Carbon  is  found  in  the  free  form  as  diamond,  graphite,  and  coal,  while 
its  combinations  are  very  widely  distributed.  For  example,  all  organic 
matter  contains  carbon.  It  is  also  found  as  carbonate  in  several  well- 
known  minerals;  thus,  marble  and  lime-stone  are  calcium  carbonate, 
while  dolomite  is  a  mixture  of  calcium  and  magnesium  carbonates. 

Carbon,  as  such,  is  found  in  three  allotropic  forms,  they  being  diamond,  graphite, 
and  coaL  Diamond  is  the  crystalline  form  of  carbon,  and  is  found  in  hard,  trans- 
oarent  masses,  possessing  the  specific  gravity  3.5  to  3.6.  The  proof  of  its  bemg  car- 
boD  pure  and  simple  is  that  when  ignited  in  a  stream  of  oxygen  it  is  all  consumed  with 
the  exception  of  a  trace  of  ash  (about  j^f  p  of  1  P^r  cent.),  forming  nothing  but  carbon 
dioxide  gas.  Its  formation  from  the  otner  varieties  of  carbon  has  already  been  ex- 
plained on  p.  149. 

.  Graphite  is  a  ^ay-black,  soft,  amorphous  solid,  known  to  all  as  the  so-called 
*  lead"  of  the  pencil.  It  has  a  specific  gravity  of  about  2.25,  and  is  of  interest  because 
of  its  resistance  to  heat.  For  this  reason  graphite  is  used  tor  making  crucibles — ^the 
«Hcalled  black-lead  crucibles.     (See  p.  82.) 

Coal  is  the  impure,  non-crystalline  form  of  carbon,  and  can  be  divided  into  two 
commercial  varieties,  an/Aroct/e,  or  hard  coal,  bituminouSf  or  soft  coal.  Coal,  on  being 
heated  in  retorts^  gives  up  its  volatile  portion,  yielding  illuminating  gas,  ammonia, 
and  coal-tar,  while  the  residue  is  the  commercial  coke,  which  contains  about  91  per 
cent,  carbon.  The  great  value  of  coal  and  coke  as  a  fuel  has  already  been  touched 
upon  on  p.  67. 

Charcoals  are  more  or  less  pure  forms  of  amorphous  carbon. 
25 
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CARBO  LIGNI— Wood  Charcoal 
(Carbo  Lig, — Charcoal) 

Charcoal  prepared  from  soft  wood,  and  very  finely  powdered.  Preserve  it  in  w^-> 
closed  vessels.. 

Summarized  Deacripium. 

Black,  odorless,  tasteless  powder,  free  from  crit;  bums  with  non-luminous  flame, 
leaving  not  more  tnan  7.5  per  cent,  of  ash;  should  give  only  a  faint  brown  color,  when 
it  is  boiled  in  solution  of  potassium  hydroxide.    For  details  see  U.S.P.,  p.  101. 

Remarks. — This  is  to  be  prepared  from  soft  wood,  and  is  to  be  very 
finely  powdered;  that  prepared  from  willow-wood  being  considered  best. 

The  pharmacopceia  directs  that  the  wood-charcoal  be  kept  in  well- 
closed  vessels,  because  it  readily  absorbs  odors.  In  fact,  the  medical 
value  of  wood-charcoal  depends  very  largely  on  this  property  of  absorb- 
ing gases,  and  it  is  for  this  reason  that  charcoal  is  valuable  in  indigestion. 
The  process  of  manufacture  is  given  on  p.  83. 

Dose. — 1  Gm.  (15  grains). 

Carbo  Animalis  (n.S.P.  VIII),  commercially  called  bone-l>lackf  is  prepared  by  plac- 
ing dried  bones  in  a  cast-iron  retort  and  carbonizing  (during  the  process  a  hquid 
distils  over  which  is  called  bone  oil),  and  the  residue  in  the  retort  is  then  removed 
and  reduced  to  powder.  Animal  charcoal  contains  the  carbon  from  the  organic  matter 
of  the  bones  plus  all  the  bone-ash,  and  it  therefore  contains  a  large  amount  of  calcium 
phosphate.  Animal  charcoal  is  used  as  a  decolorizer,  as  explained  on  p.  140^  and  the 
presence  of  calcium  phosphate  therein  renders  its  use  inaavisable  in  lemovmg  color 
from  liquids  containmg  acids  as  calcium  phospnate  will  dissolve  therein.  PraTerable 
therefore  is: 

Carbo  Animalis  Pnrificatus  (U.S.P.  VIII)  which  is  made  by  digesting  animal  char- 
coal with  hydrochloric  acid  on  a  sand-bath  for  a  period  of  eight  hours,  and,  after 
straining  the  liquid,  returning  the  charcoal  to  the  vessel.  The  operation  is  repeated 
with  a  second  amount  of  hydrochloric  acid,  and  the  digestion  contmued  for  two  noura. 
Finally,  the  acid  is  drained  off,  the  charcoal  freed  from  all  traces  of  acid  by  washing 
with  water,  and  the  product  dried.  The  acid  effects  the  solution  of  the  bone-ash  by 
converting  it  into  soluble  acid  calciiun  phosphate,  described  in  the  manufacture  of 
phosphorus  (p.  384).  Purified  animal  chlarcoal  is  an  excellent  decoloriser,  and  i^ould 
always  be  used  by  the  pharmacist  in  preference  to  the  crude  product.  Knecht  claims 
that  animal  charcoal  contains  nitrogen  and  that  its  decolorizmg  power  is  directly  pro- 
portional to  its  nitrogen  content. 

The  removing  of  color  bv  means  of  purified  animal  charcoal  is  done  b^r  macerating 
the  liquid  with  the  charcoal  for  several  hours,  and  finally  filtering.  It  is  well  to  re- 
member that  animal  charcoal  not  only  absorbs  the  color  from  a  solution,  but  also  ab- 
sorbs some  active  plant  principles,  such  as  alkaloids  and  glucosides.  Therefore,  care 
should  be  taken  to  avoid  the  loss  of  active  ingredients  by  too  long  contact  with  the 
charcoaL 

Lamp-black  is  carbon  produced  by  burning  rosin,  petroleum,  or  natural  gas  in  a 
limited  amount  of  air,  and  collecting  the  '^soof  thus  produced. 

BORON 

Symbol,  B.     Atomic  weight,  approximately  11 

The  word  boron  comes  from  boraq,  which  was  the  Arabic  name  for 
borax.  The  element  was  first  isolated  by  Gay-Lussac  and  Thenard  in 
1808. 

Boron  occiu^  in  nature  in  the  form  of  boric  acid^  sodium  borate^  and 
boracite,  the  latter  being  a  magnesium  borate.  It  is  foimd  in  two  allo- 
tropio  forms,  crystalline  and  amorphous.  It  is  now  said  that  the  crystal- 
line variety  is  a  mixture  of  carbon,  aluminium  and  boron.  Its  com- 
pounds with  hydrogen  and  oxygen  3deld  several  adds,  such  as  boric, 
metaboric,  and  p3rroboric  acids.  Boron  is  not  official,  but  it  is  found  in 
official  bodies — ^boric  acid  and  borax. 
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ACmUM  BORICUM— Boric  Acid 
(Acid.  Bor, — Boracic  Acid) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid, 
aotless  than  99.5  per  cent,  of  HaBOs  (62.02). 

Summarized  Description. 

Colorless  scales,  triclinlc  crystals  or  white  bulky  powder;  unctuous  to  touch: 
pdorless;  faintly  bitter;  soluble  in  18  parts  of  water  and  15.3  parts  of  alcohol.  Heatea 
it  first  forms  metaboric  acid  and  then  fused  to  tetraboric  acid  and  finally  to  boron 
trioxide.    For  details  see  U.S.P.,  p.  9. 

For  tests  for  identity^  for  imvurilies  (heavy  metals,  arsenic)  and  for  assay  see 
U.S.?.,  p.  9  and  also  Fart  V  of  this  book. 

Remarks. — The  formula  of  this  compound,  commonly  called  boracic 
acidy  has  already  been  discussed  (p.  358),  so  here  it  is  only  necessary  to 
emphasize  the  fact  that  boric  acid  is  the  only  true  official  ortho-acid. 

Boric  acid  is  found  in  the  free  form  in  lagoons  in  volcanic  regions  of 
Tuscany,  the  water  being  evaporated  with  the  aid  of  the  jets  of  steam 
emitted  from  the  volcanic  soil. 

It  is  now  made  in  large  quantities  in  this  country  from  native  borax 
(p.  430),  by  treating  it  with  hydrochloric  acid,  the  equation  being: 

Na,B4O7l0H,O  +  2HC1  -  2NaCl  +  4H,BO,  +  6H,0. 

Boric  acid  is  found  in  the  form  of  crystalline  micaceous  scales,  which 
posses  a  peculiar  unctuous  feeUng.  Boric  acid  is  volatile,  but  more 
freely,  however,  in  the  vapor  of  water  than  if  heated  by  itself.  Boric 
acid  is  now  popular  in  the  form  of  an  impalpable  powder,  and  the  prepara- 
tion of  this  caused  considerable  annoyance  on  account  of  the  sUpperiness 
of  the  crystals,  until  it  was  found  that  trituration  of  boric  acid  in  a 
warmed  mortar  or  mill  brings  the  desired  results. 

The  two  tests  of  boric  acid  are,  first,  the  fact  that  an  alcoholic  solu- 
tion bums  with  a  flame  enveloped  with  a  green  mantle,  and,  secondly, 
its  property  of  changing  yellow  tumeric  paper  to  a  reddish  brown. 

Boric  acid  is  a  valuable  antiseptic  and  is  largely  used  in  domestic 
practice  for  this  purpose.  It  is  a  constituent  of  glycerite  of  boroglycerin 
and  of  ointmerU  of  boric  add,  as  well  as  in  the  antiseptic  solution  and 
alkaline  antiseptic  solution  of  the  National  Formulary. 

Dose. — 500  milUgrammes  (8  grains). 

SILICON 

Symbol,  Si.     Atomic  weight,  approximately  28 

The  word  silicon  is  derived  from  silica,  or  sand,  which  in  turn  is  de- 
rived from  the  Latin  sHex,  which  means  flint.  The  element  was  isolated 
by  BerzeUus  in  1823.  Silicon  is  the  most  abundant  element  on  the  earth's 
surface.  ^ 

Thus,  quartz,  sand,  opal,  agate,  and  infusorial  earth  are  more  or  less 
pure  ahcic  oxide. 

Silicon  is  another  element  appearing  in  two  allotropic  forms,  crystal- 
line and  amorphous.  None  of  the  forms  of  silicon  is  of  sufficient  phar- 
maceutic interest  to  merit  more  than  passing  notice.  Silicon,  as  shown 
on  p.  354,  yields  one  oxide,  Si02;  one  form  of  which,  purified  siUceous 
earth,  is  official.  The  hypothetic  combinations  of  this,  with  water,  are 
silicic  acids,  H2SiOs  and  H4Si04,  and  the  salts  W  these  acids  are  the  ordi- 
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nary  silicates.  Silicates  of  complex  formulas,  such  as  orihoclas,  K2 AlSieOie, 
are  known. 

Glass  is  a  combination  of  the  silicates  of  sodium  or  potassium  with  lead 
or  calcium. 

The  test  for  soluble  silicates  is  that  they  yield  with  acids  a  white 
gelatinous  precipitate  of  orthosilicic  acid,  H4Si04. 

The  silicates  other  than  those  of  the  alkalies  are  insoluble  in  all  acids, 
even  the  strongest,  except  hydrofluoric  acid. 

In  order  to  obtain  these  silicates  in  soluble  form  it  is  necessary  to 
fuse  them  with  a  mixture  of  sodium  and  potassium  carbonates,  whereby 
silicates  of  sodium  and  potassium  are  formed. 

TERRA  SILICEA  PURIFICAT A— Purified  SiUceous  Earth 

(Ter.  SiL  Purif. — Purified  Kieselguhr — Purified  Infusorial  Earth) 

A  form  of  silica  (SiOi  »  60.30)  consisting  of  the  f  rustules  and  fragments  of  diatoms, 
purified  by  boiling  with  diluted  hydrochloric  acid,  washing  and  calcming.  It  does  not 
contain  more  than  10  per  cent,  of  moisture.     Preserve  it  m  tightly  closed  containers. 

Summarized  Description. 

Ver>''  bulky  fine  powder;  white,  light  gray  or  pale  buff;  absorbs  4  times  its  weight 
of  water;  insoluble  in  water.     For  details  see  U.o.P.,  p.  439. 

For  testa  far  identity j  and  for  impurities  (moisture),  see  U.S. P. 

Remarks. — This  new  official  substance  represents  that  form  of  infu- 
sorial earth  known  as  Kieselguhr.  It  is  now  used  as  a  filtering  agent  and 
is  recommended  for  this  pui'pose  in  the  pharmacopceial  monograph  on 
aromatic  waters.  Kaolin,  aluminum  silicate,  is  discussed  on  p.  494  and 
sodium  silicate  on  p.  442. 
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CHAPTER  XXIV 
THE  ACIDS 


An  acid  is  a  substance  which  changes  blue  litmus-paper  red,  and 
combines  with  bases  to  form  salts.  The  substances  answering  this 
definition  are  both  inorganic  and  organic,  and  among  the  inorganic  acids, 
as  already  mentioned,  are  found  both  binary  and  ternary  compounds. 
The  binary  compounds  are  the  four  bodies,  hydrochloric  acid,  HCl, 
hydrobromic  acid,  HBr,  hydriodic  acid,  HI,  and  hydrofluoric  acid,  HFl. 
Tliese  four  are  called  haloid  acids,  because  derived  from  the  four  halogen 
elements.  Three  of  these  haloid  acids  are  recognized  by  the  pharma- 
copceia  either  alone  or  in  pharmaceutic  preparations. 
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Organic  acids  consist  of  carbon  radicf^  combined  with  the  group 
carhoxyl,  COOH.  These  will  be  discussed  under  their  proper  groupiris 
in  Part  IV. 

The  inorganic  acids  are,  with  the  exception  of  the  haloid  acids  jup. 
mentioned,  hydroxides  of  the  negative  elements.  Acids  may  be  xMk 
liquids,  or  gases;  in  fact,  all  the  members  of  this  large  group  have  litt^ 
in  common  save  their  acid  action  on  litmua-paper  and  their  abilitjlo 
form  salts  with  the  alkalies. 

In  this  chapter  we  will  discuss  all  the  official  inorganic  acids  exttf 
boric  acid,  chromic  acid,  and  arsenous  acid,  the  three  being  conadereii 
under  the  elements  from  which  derived.  All  those  considered  in  ihl* 
chapter  are  liquids,  6nd  are  commercially  called  the  heavy  aade,  becaus 
their  specific  gravity  is  greater  than  water.  These  acids  are  usuallv 
in  the  concentrated  form,  and  decidedly  caustic.     Hence  in  handling 


ng.  231  — Cwboy  trunnion 

them  great  care  must  be  taken  to  avoid  bringing  them  in  contact  with 
delicate  substances.  If,  in  handling,  they  are  spattered  on  the  skin, 
they  should  be  immediately  washed  off;  if  the  area  of  burn  is  considerable, 
it  should  be  covered  with  emollients  of  mildly  alkaline  character,  sum 
as  lime  liniment  or  sodium  bicarbonate.  Their  active  character  prevents 
their  ordinary  storage  in  wood  or  metal,  although  it  might  be  of  in'*'^ 
to  mention  that  sulphuric  acid  in  concentrated  form  can  be  safely  stww 
in  iron  tanks,  that  acid  attacking  iron  only  when  diluted.  In  phsnnBcy, 
however,  such  acids  must  be  handled  entirely  in  glass  or  porcelain,  and 
in  purchasing  quantities  of  the  same  they  are  usually  furnished  in  largf 
glass  containers  boxed  with  straw,  called  carboys.  In  handling  thfi* 
carboys  it  is  usually  advisable  to  have  trunnions  on  which  they  can  be 
rocked  {Fig.  231),  though,  with  careful  handling,  this  expense  maybe 
avoided. 

There  is  no  uniformity  in  the  commercial  strength  of  the  differeo' 
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strong  acids,  the  usual  custom  being  to  furnish  an  acid  of  the  greatest 
concentration  feasible. 

It  is  useful  to  memorize  the  following  strengths  and  specific  gravities: 

HCl      H2SO4     HNO« 

Percentage  of  absolute  acid 31  to  33  93  to  95  67Ho  69 

Specific  gravity  (approximate) 1.16         1.83         1.40 

While  the  pharmacopoeial  concentrated  acids  vary  in  strength,  the 
same  standard  demands  that  diluted  acids  contain  10  per  cent,  of  absolute 
acid,  except  diluted  acetic  acid  (6  per  cent.)  and  diluted  hydrocyanic 
acid  (2  per  cent.).     A  very  convenient  method  of  estimating  the  strength 
of  acids  is  by  their  specific  gravity.     As  an  illustration,  it  will  be  noted 
above  that  the  specific  gravity  of  sulphuric  acid  is  1.83.     Water,  which 
is  the  only  likely  adulterant,  has,  of  course,  the  specific  gravity  of  1.00, 
and  if  sulphuric  acid  is  diluted  with  water,  the  specific  gravity  will  fall 
to  a  point  somewhere  between  1.83  and  1.00.     The  only  official  liquid  acid 
whose  specific  gravity  is  not  a  criterion  of  strength  is  acetic  acid.     (See 
p.  603.)    The  antidote  for  acids  is  mild  alkali,  such  as  calcined  magnesia 
or  lime  liniment,  this  being  a  good  illustration  of  a  chemical  antidote 
acting  on  an  acid  to  form  a  neutral  and  inert  salt.     Too  much  emphasis 
cannot  be  placed  on  the  word  "mild,"  for  while  it  is  true  that  con- 
centrated sodiiun  hydrate  or  other  strong  alkali  would  form  with  the 
acid  a  neutral  salt,  yet  the  action  of  th&  same  alkali  is  as  dangerously 
caustic  as  is  the  acid  for  which  it  is  intended  as  an  antidote. 

Most  inorganic  acids  are  prepared  by  the  action  of  sulphuric  acid  on 
a  salt  of  the  acid  which  is  desired.  Sulphuric  acid  possesses  a  greater 
aflinity  for  metals  than  most  other  acids,  hence  when  a  salt  of  the  acid  is 
treated  with  sulphuric  acid,  a  sulphate  is  formed  and  the  acid  is  Uberated. 
Reviewing  the  manufacture  of  official  acids,  we  see  how  often  this 
rule  applies: 

Hydroohloric  acid,  made  from  sodium  chloride  and  sulphuric  acid. 
H^drobromic      "  **        "  potassium  bromide  and  sulphuric  acid. 

Nitric  "  "        "  sodium  nitrate*  and  8ulph;Liric  acid. 

Chromic  "  "        *'  potassium  dichromate  and  sulphuric  acid. 

Carbonic  "  **        "  sodium  bicarbouate  and  sulphuric  acid. 

Exceptions  to  this  method  are: 

?ho6phoric  acid,  made  by  oxidation  of  phosphorus  with  nitric  acid. 
Sulphurous      "  "        reduction  of  sulphuric  acid  with  carbon. 

The  officials  treated  in  this  chapter  are: 

Hydrochloric  acid  containing  31  to  33    per  cent,  of  absolute    HCl. 

Diluted  hydrochloric  acid 

Wluted  hydrobromic  acid 

Diluted  hvdriodic  acid 

Syrup  of  hydriodic  acid 

Nitnc  acid 

Nitrohvdrochloric  acid. 

piluted  nitrohydrochloric  acid. 

Sulphuric  acid  ' 

Diluted  sulphuric  acid 

Aromatic  sulphuric  acid 

Phosphoric  acid 

^uted  phosphoric  acid 

Hypophosphorous  acid 

Diluted  hypophosphorous  acid 
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OFFICIAL  ACIDS 

ACmUM  HTDROCHLORICUM— HydrocUoric  Add 

(Acid.   Hydrochl.) 

An  aqueous  solution  containing  not  less  than  31  per  cent,  nor  more  than  33  per 
cent,  of  UCl  (36.47).     Preserve  it  in  glass-stoppered  bottles. 

Summarized  Description, 

Colorless  fuming  liquid;  pungent  odor;  strongly  acid  to  taste  and  to  litmus;  sp. 
gr.  1.166.  For  details  see  U.S.  P.,  p.  13.  For  tests  far  identity y  for  impurities  (as 
under  diluted  hydrochloric  acid)  ana  for  assay  see  U.S.P.,  and  also  Part  V  of  this 
book. 

Remarks. — This  is  an  aqueous  solution  of  hydrochloric  acid  gas, 
containing  31  to  33  per  cent,  of  absolute  acid,  and  having  a  specific 
gravity  of  1.16.  Its  two  synonyms — spirit  of  sear^aU  and  muriatic  acid — 
suggest  its  origin,  the  word  muriatic  being  derived  from  the  Latin  muriaSf 
which  means  brine.  As  mentioned  above,  it  is  prepared  by  distUling  a 
mixture  of  salt  (sodium  chloride)  and  sulphuric  acid. 

ACmUM    HYDROCHLOMCUM  DILUTUM— Diluted 

Hydrochloric  Acid 

(Acid.  Hydrochl.  DiL) 

An  aqueous  solution  containing  not  less  than  9.6  per  cent,  nor  more  than  10.5 
per  cent,  of  HCl  (36.47).     Preserve  it  in  glass-stoppered  bottles. 

Condensed  Recipe, 

Mix  100  Gm.  hydrochloric  acid  with  220  Gm.  distilled  water. 

Summarized  Description. 

Colorless,  odorless  liquid:  strongly  acid  to  taste  and  to  litmus;  sp.  gr.  1.049.  For 
details  see  U.S.P.,  p.  14.  For  tests  for  identity ,  for  impurities  (free  chlorine,  bromine, 
bromide  and  iodioe,  heavy  metals,  arsenic^  sulphates,  sulphurous  acid)  and  for 
assay  see  U.S.  P.,  p.  14,  and  also  Part  V  of  this  book. 

Diluted  hydrochloric  add  is  prepared  by  mixing  100  Gm.  of  hydrochloric 
acid  (U.S.P.)  with  220  Gm.  of  water.  It  will  be  noticed  that  the  prepara- 
tion strictly  follows  the  rules  of  dilution  performed  by  alligation.  The 
problem  is  to  reduce  a  32  per  cent,  acid  to  a  10  per  cent.  acid.  Following 
general  rules  of  alligation,  we  get : 


0 

in    .  n  =  in 

31.9 
10 

10% 

0% 
(or  water) 

1 

1 
22 

Summed  up,  we  find  that 

10  Gm.   of  the  official  strong  acid  (31.9  per  cent.) 
and  22  Gm.  of  water  (0  per  cent.) 

gives  32  Gm.  of  the  diluted  acid  (10  per  cent.). 

Then,  by  proportion : 

If  to  make  32  Gm.  diluted  acid  we  require  10  Gm.  of  strong  acid:  then  to  make 
320  Gm.  diluted  acid  we  require  ^^%2  X  10  or  100  Gm.  stronger  acid. 
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Or,  expressed  by  equation: 


32     :     10     :  :    320     :    X 

,       10     X     320  ,    ,„^ 

X     equals        —  .^—     -     equals  100  Gm. 

Hydrochloric  acid,  always  in  diluted  form,  is  used  in  indigestion. 
Dose, — Of  the  diluted  acid,  1  mil  (16  minims). 

ACIDUM    HTDROBROMICUM    DILUTUM— Diluted 

Hydrobromic  Acid 

(Acid.  Hydrobrom.  Dii.) 

An  aqueous  solution  containing  not  less  than  9.5  per  cent,  nor  more  than  10.5 
per  cent,  of  HBr  (80.93).  Preserve  it  in  amber-colored,  glass-stoppered  bottles,  pro- 
tected from  light. 

Summarized  Description, 

Colorless,  odorless  liquid;  strongly  acid  to  taste  and  to  litmus;  sp.  gr.  1.076.  For 
details  see  U.S.P.,  p.  12. 

For  tests  far  idenlUyy  for  impurities  (non-volatile  matter,  sulphuric  acid,  barium, 
heavy  metals,  free  bromine,  iooine,  arsenic,  chlorides)  and  for  assay,  see  U.S.P.,  p.  13 
and  also  Part  V  of  this  book. 

Remarks. — This  of&cial  acid  is  a  liquid  containing  10  per  cent,  of 
absolute  hydrogen  bromide,  and  since  an  unstable  chemicsJ,  should  be 
dispensed  as  fresh  as  possible  by  the  pharmacist.  Hence  efforts  have 
been  made  to  devise  a  simple  method  for  its  extemporaneous  manufac- 
ture. The  ordinary  method  of  manufacture  is  by  treatment  of  potassium 
bromide  with  sulphuric  acid  by  the  following  reaction: 

2KBr  +  H2SO4  -  2HBr  +  KjSO*. 

From  this  equation  it  will  be  seen  that  the  product  of  the  reaction 
other  than  hydrobromic  acid  is  potassium  sulphate.  This  dissolves  in 
water  with  the  hydrobromic  acid,  and  to  separate  the  acid  from  the 
sulphate  solution  the  tedious  process  of  distillation  is  necessary.  This 
led  investigators  to  attempt  the  separation  of  the  second  reaction  prod- 
uct from  the  acid  by  precipitation,  in  which  case  the  acid  could  be 
obtained  by  simple  filtration  of  the  liquid  from  the  precipitate.  There 
are  very  few  insoluble  potassium  salts,  the  best  known  being  the  bitar- 
trate — cream  of  tartar — and  this  is  utilized  in  the  Fothergill  process 
of  making  hydrobromic  acid.  In  this,  instead  of  using  sulphuric  acid 
with  potassium  bromide,  tartaric  acid  is  employed,  and,  on  standing, 
the  bitartrate  crystallizes  out,  the  reaction  being: 

KBr     4-     H,C4H40«     -     KHC4H40«     +     HBr 
119  150  188  80 

The  above  equation  implies  the  molecular  proportion  of  119  Gm. 
potassium  bromide  and  150  Gm.  tartaric  acid  in  making  80  Gm.  hydro- 
bromic acid.  Then  to  make  1000  Gm.  10  per  cent,  hydrobromic  acid 
(contjdning  100  Gm.  absolute  acid)  will  require  '^^%o  X  119,  or  148  Gm. 
potassiuin  bromide  and  ^^%o  X  150,  or  187  Gm.  tartaric  acid. 

These  proportions  do  not  agree  with  the  original  recipe  of  Dr.  Wade, 
who  planned  an  acid  each  dram  of  which  would  contain  the  equivalent  of 
10  grains  of  bromine;  nor  with  Dr.  PothergilPs  recipe,  which  was  a  cum- 
bersome one,  adapted  to  the  Imperial  system  of  measures;  nor  with  the 
simpler  recipe  of  Professor  Maisch. 
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The  latter  recipe  consists  of  80  grains  of  potassium  bromide  dissolved 
in  6  fluidrachms  water;  100  grains  tartaric  acid  dissolved  in  2  fluidrachms 
water;  the  solutions  mixed  and  then  chilled,  in  order  to  facilitate  the 
separation  of  the  cream  of  tartar.  The  difficulty  in  striking  an  exact 
recipe  is  due  to  the  uncertainty  of  the  amount  of  cream  of  tartar  precipi- 
tated, and  in  the  metric  recipe  given  above,  the  total  amount  of  water 
used  should  be  900  mils.  Moreover,  not  more  than  100  mils  should  be 
made  at  a  time,  since  the  product  is  not  very  stable. 

It  must  be  said  that  the  product  of  this  process  is  not  absolutely 
pure  acid;  it  always  contains  some  potassium  bromide  and  potassium 
bitartrate.     Diluted  hydrobromic  acid  is  used  as  a  sedative. 

Dose, — 1  mil  (15  minims). 

• 

ACmUM  HTDRIODICUM  DILUTUM— Diluted  Hydriodic  Acid 

(Acid.  Hydriod.  Dil.) 

An  aqueous  solutioa  containing  not  less  than  9.5  per  cent,  nor  more  than  10.5 
per  cent,  of  HI  (127.93).  Preserve  it  in  amber-colored,  g^lass-stoppered  bottles, 
protected  from  light,  and  do  not  dispense  it  if  it  contains  free  iodine. 

Condensed  Recipe. 

Dissolve  135  Gm.  potassium  iodide  and  10  Gm.  potassium  h^pophosphite  in  250 
mils  of  distilled  water.  Dissolve  136.5  Gm.  tartaric  acid  in  400  mils  ol  diluted  alcohol. 
Mix  the  two  solutions,  chill,  filter  through  cotton,  wash  filter  with  diluted  alcohol. 
Warm  filtrate  on  water-bath  until  the  alcohol  has  evaporated.  Then  add  enough 
water  to  make  1000  Gm.     For  details  see  U.S.P.,  p.  11. 

Summarized  Description, 

Ck>lorless  or  faintly  yellow  liquid;  odorless;  strongly  acid  to  taste  and  to  litmus; 
sp.  gr.  1.10.     For  details  see  U.S. P. 

For  tests  for  identity,  for  impurities  (sulphuric  acid,  barium,  free  bromine  and 
iodine,  chlorides,  heavy  metals,  arsenic)  and  for  assay  see  U.S.P.,  p.  12  and  also  Part 
V  of  tnis  book. 

SYRUPUS   ACIDI   HYDMODICI— Syrup   of   Hydriodic  Add 

(Syr,  Acid.  Hydriod.) 

One  hundred  mils  of  %TUp  of  Hydriodic  Acid  yields  not  less  than  1.3  Gm.  nor 
more  than  1.45  Gm.  of  HI  (127.93). 

Condensed  Recipe, 

Mix  125  mils  of  diluted  hydriodic  acid  with  300  mils  of  water  and  with  enough 
syrup  to  make  1  liter. 

Summarized  Description, 

Colorless  or  faint  straw^olored  fluid;  odorless;  sweet  acidulous  taste,  sp.  gr.  1.215. 
For  details  see  U.S.  P.,  p.  427. 

For  tests  for  iderUity,  for  impurities  (free  iodine)  and  for  assay  see  U.S.P.  and 
also  Part  V  of  this  book. 

Remarks. — Hydriodic  acid,  as  mentioned  on  p.  389,  is  the  binary 
acid  of  iodine.  It  is  official  in  the  present  pharmacopoeia  in  the  form 
of  diluted  (10  per  cent.)  acid  and  the  syrup  (containing  slightly  more  than 
1  per  cent,  by  weight  of  absolute  hydriodic  acid).  The  pharmacopoeial 
method  of  the  preparation  of  the  diluted  acid  is  a  process  devised  by  Dr, 
Buchanan,  of  Glasgow,  and  antedates  the  Fothergill-Wade  process, 
which  it  closely  resembles,  the  acid  being  liberated  from  potassium  iodide 
by  the  addition  of  tartaric  acid  sufficient  to  precipitate  potassium  bitar- 
trate, the  equation  being  as  follows: 

KI     -h     H,C4H«0«     =     KHC4H4O6     +     HI. 
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The  pharmacopoeial  recipe  directs  the  addition  of  1  per  cent,  of 
potassium  hypophosphite,  which  is  added  to  prevent,  as  far  as  possible, 
the  separation  of  the  iodine,  which  occurs  when  hydriodic  acid  is  exposed 
to  the  air,  the  reaction  being  as  follows: 

2HI     +     O  (from  air)     =     H»0     +     I|. 

Potassium  hypophosphite  is  supposed  to  recombine  the  liberated  iodine 
with  hydrogen  by  the  following  reaction :  * 

KPH,0,     +     41     +     2H,0     =     KI     4-     3HI     +     H,P04. 

This  decomposition,  as  well  as  that  of  ferrous  iodide,  has  been  a  subject  of  con- 
siderable discussion  of  late  years  (see  p.  ^06),  recent  investigations  seeming  to  show 
that  the  accepted  idea  that  the  decomposition  is  due  to  the  separation  of  free  iodine 
is  erroneous.  Haussmann  claims  that  spoiled  specimens  of  the  syrup  contain  no  free 
iodine,  and  that  the  chang^e  noticed  is  tne  conversion  of  the  cane-sugar  into  glucose, 
which  change  is  accompamed  by  side  reactions,  which  produce  the  brown  color.  His 
theory,  however,  as  far  as  syrup  of  ferrous  iodide  (p.  606)  is  concerned,  is  not  in 
accord  with  facts,  since  if  the  brown  tint  is  due  to  caramelization  of  sugar,  the  syrup 
could  not  be  restored  to  its  green  tint  by  the  introduction  of  a  few  card  teetn,  as 
really  occurs.  Since  iodine  is  liberated  under  oxidizing  action  of  air,  it  is  advisable 
to  avoid  combination  of  the  official  acid  or  the  syrup  prepared  therefrom  with  oxi- 
dizing agents;  hence  potassium  chlorate  should  not  be  dispensed  with  the  syrup. 

The  ph&rmacopoeia  of  1880  directed  a  method  for  the  manufacture  of  the  syrup 
of  hydriodic  acid  cufTerent  from  that  of  the  present  pharmacopoeia,  the  process  of  1880 
being  to  treat  water  in  which  iodine  was  suspended  with  hyarogen  sulphide  gas,  the 
equation  being  as  follows: 

H,s  +  I,  -  2HI  +  a 

As  a  matter  of  fact,  this  process  leads  to  a  purer  form  of  hydriodic 
acid  than  does  the  process  of  the  present  pharmacopoeia,  since  the  atteiiipt 
to  precipitate  all  the  potassium  salt  as  potassium  bitartrate  is  not  entirely 
successful,  inasmuch  as  the  bitartrate  is  somewhat  soluble. 

Both  the  diluted  acid  and  the  syrup  are  used  as  alteratives. 

Dose, — Of  diluted  acid,  0.5  mil  (8  minims).  Of  syrup,  4  mils  (1 
fluidrachni). 

ACEDUM  NITMCUM— Nitric  Acid 
(Acid.  Nitric.) 

An  aqueous  solution  containing  not  less  than  67  per  cent,  nor  more  than  69  per 
cent,  of  HNOs  (63.02).  Preserve  it  in  dark  amber-colored,  glass-«toppered  bottles  and 
protect  it  from  the  light. 

Summarized  Degcription, 

Fuming,  caustic,  corrosive  liquid:  suffocating  odor;  strongly  acid  to  litmus;  sp. 
gr.  1.403;  volatilizes  at  llO^C;  oissolves  metals  with  evolution  of  red-brown  fumes; 
stains  wool  and  the  skin  yellow.     For  details  see  U.S. P.,  p.  18.        ^ 

For  tests  for  iderUiiy,  for  impurities  (non-volatOe  matter,  arsenic,^  sulphuric  acid, 
hydrochloric  acid,  heavy  metals,  iodine,  bromine,  iodic  acid,  bromic  acid)  and  for 
<w«ay  see  U.S.P.,  p.  18  and  also  Part  V  of  this  book. 

Remarks. — ^Nitric  acid  is  made  by  treating  sodium  nitrate  with 
sulphuric  acid  and  subsequent  .distillation.  The  official  concentrated 
acid  contains  68  per  cent,  of  absolute  acid,  and  has  the  specific  gravity 
of  1.40.  It  was  formerly  largely  dispensed  under  the  synonym  of  aquui 
fortiB  (strong  water),  a  synonym  which,  fortunately,  is  falling  into  disuse. 
The  danger  of  the  phrase  is  due  to  a  confusion  of  it  on  prescriptions  with 
aqna  Jontanay  which  means  spring-water.  Nitric  acid  is  one  of  the  most 
active  of  chemical  substances,  it  being  the  most  prominent  oxidizing 
agent  in  general  use.    (See  p.  398)    Great  care  should  be  taken  in  handling 
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it  to  avoid  contact  with  the  skin  or  clothing,  as  it  acts  as  a  very  strong 
caustic  on  both,  either  destroying  the  fabric  or  staining  it  yellow. 

Acidtun  Nitricum  Dilutum  (U.S. P.  VIII)  or  dUiUed  nitric  acid  is  the  above  prepa- 
ration diluted  with  water  to  a  10  per  cent,  preparation,  the  proportions  following  the 
rule  of  dilution  by  alligation. 

Nitric  acid  is  given  highly  diluted  as  a  tonic  and  astringent. 
Do9e, — Of  the  diluted  (10  per  cent.)  acid,  2  mils  (30  minims). 

ACIDUM    NITROHYDROCHLORICUM— Nitrohydrochloric   Add 

(Acid.  NitrohydrochL — Nitromuriatic  Acid) 

A  strong  aoueous  solution*  containing  hydrochloric  acid,  nitric  acid,  nitrosyl 
chloride,  and  cmorine. 

Condensed  Recipe. 

Cautiously  mix  18  mils  of  nitric  acid  with  82  mils  of  hydrochloric  acid. 

Summarized  Description. 

Grolden-yellow,  luming,  corrosive  liquid ;  smells  of  chlorine ;  dissolves  gold  leaf.  For 
details  see  U.S.  P.,  p.  18. 

For  impurities  (non-volatile  matter)  see  U.S. P. 

ACIDUM  NITROHYDROCHLORICUM  DILUTUM— DUuted  Nitrohy- 
drochloric Acid 

(Acid  Nitrohydrochl.  Dil. — Diluted  Nitromuriatic  Acid) 

A  diluted  aqueous  solution  containing  hydrochloric  acid,  nitric  acid,  nitrosyl 
chloride,  and  chlorine. 

Condensed  Recipe. 

Cautiously  mix  10  mils  of  nitric  acid  with  45.5  mils  of  hydrochloric  acid  and  then 
dilute  with  enough  water  to  make  250  mils.     For  details  see  U.S.  P. 

Summarized  Description. 

Colorless  or  pale-yellow  liquid;  faint  odor  of  chlorine;  strongly  acid  to  taste  and  to 
litmus.     For  details  see  U.S. P.,  p.  19. 

For  impurities  (non-volatile  matter)  see  U.S. P. 

Remarks. — Strong  nitrohydrochloric  acid  is  the  aqua  regia  of  the 
alchemists.  Hydrochloric  acid  will  not  dissolve  gold,  neither  will  nitric 
acid;  but  the  two  combined  have  this  power,  hence  the  alchemistic 
name,  which,  translated,  means  the  king  of  waters  {royal  water)  y  since  it 
dissolves  gold,  the  king  of  metals.  This  special  solvent  power  is  due  to 
presence,  in  the  acid,  of  nitrosyl  chloride,  NOCl,  and  free  chlorine. 

Aqua  regia  is  made  by  the  direct  combination  of  nitric  and  hydro- 
chloric acids,  the  reaction  being  as  follows: 

HNO,     +     3HC1     =     NOCl     +     CI,     +     H,0. 

On  figuring  at  the  combining  quantities  used  in  the  above  equation  and 
expressing  same  in  terms  of  the  official  strength  of  the  acid,  it  will  be 
seen  that  the  combining  proportion  is  as  follows: 


Molecular    Weight  of 
Nitric  Acid 

H  =    1 
N  =  14 

O3  -  48 

HNOs  Mol.  wt.  =63 

Molecular  Weight  of 
Hydrochloric  Acid 

H  =      1 
CI  =    35.5 

HCl  Mol.  wt.  =    36.5 
3  HCl  =  109.5 

Molecular  Weight  of 
Nitrosyl  Chloride 

N  =  14 

0  =  16 
CI  =  35.5 

NOCl  =  65.5 

Molecular  Weight  of 
Water 

H,0  =  18 

Molecular  Weight  of 
Chlorine 

Cl,  -  71. 

Repeating  the  equa 
HNO3 
63 

tion: 
+     3HC1     =     N0< 
109.5              65. 

31     +     CI2     +     E 
5              71              ] 

18, 
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we  see  that  the  proportions  expressed  are  63  Gm.  absolute  (100  per  cent.)  HNOs  and 
109.5  Gm.  absolute  (100  per  cent.)  HCl.  Then,  how  much  68  per  cent.  HNOs  and 
how  much  32  per  cent.  HCl  will  be  needed?  Taking  up  the  nitric  acid  problem 
first,  we  find  it  will  require  ^^^^s  X  63  Gm.,  which  equals  92.6  Gm.  nitric  acid  U.S. P. 
(68  per  cent.). 

As  to  the  hydrochloric  acid,  we  will  need: 

^  ^%2  X  109.5  Gm.,  which  equals  342.2  Gm.  hydrochloric  acid  U.S.P.  ( 32  per  cent.). 
That  is,  92.6  Gm.  official  nitric  acid,  sp.  gr.  1.403  and  342.2  Gm.  of  hydrochloric  acid, 
sp.  gr.  1.155,  are  required  to  fulfil  molecular  proportions.  Then,  how  many  mils 
of  each  acid? 

As  to  nitric  acid : 

1  mil  water  '=  1  Gm. 

1  mil  nitric  acid    =  1.403  Gm. 

Hence,  92.6  Gm.  nitric  acid  equals  92.6  divided  by  1.403,  which  equals  66  mils. 
As  to  hydrochloric  acid : 

1  mil  water  =  1  Gm. 

1  mil  hydrochloric  acid  =  1.155  Gm. 

Hence,  342.2  Gm.  hydrochloric  acid  equals  342.2  divided  by  1.155  equals  296  + 

mils.     That  is,  nitrohydrochloric  acid  can  be  made  by  mixing  66  mils  nitric  acid 

U.S.P.  with  296  mils  hydrochloric  acid  U.S.P.,  or  by  union  of  18  mils  nitric  acid  with 

81  mils  hydrochloric  acid: 

296     yc     18 
66     :    296     :  :    18     :      x.      x     =     ^-  -     =     81 

Comparison  of  these  figures  with  the  official  recipe  shows  the  latter  provides 
slight  excess  of  hydrochloric  acid. 

Diluted  nitrohydrochloric  acid  is  made  by  mixing  10  mils  of  nitric 
acid  with  45.5  mils  of  hydrochloric  acid,  and  after  the  reaction  has  ended, 
a  suflSicient  quantity  of  water  is  added  to  make  the  official  product  mea- 
sure 250  mils  and  contain  the  equivalent  of  3.8  per  cent,  absolute  nitric 
acid  and  6.7  per  cent,  absolute  hydrochloric  acid — that  is,  about  10  per 
cent,  mixed  acids.  At  first  glance  it  would  be  seen  that  the  same  results 
could  be  obtained  by  blending  together  the  same  proportion  of  diluted 
nitric  acid  and  diluted  hydrochloric  acid  as  is  directed  of  the  two  con- 
centrated acids,  and  this  without  the  necessity  of  adding  extra  water. 
But  in  practice  the  preparation  must  never  be  made  by  combining  the 
acids  in  diluted  form,  as  then  they  would  have  a  simple  mixture  of  the 
two  acids  and  not  a  solution  of  nitrosyl  chloride  and  chlorine. 

This  recalls  the  fact  that  chemical  reaction  usually  occurs  best  in 
fairly  concentrated  solution;  that  the  more  diluted  the  solution,  the 
slower  and  less  violent  the  reaction,  for  violence  of  reaction  means  simply 
the  accomplishment  of  a  large  amount  of  work  in  a  short  space  of  time. 
Accordingly,  if  it  is  known  tliat  a  reaction  is  apt  to  be  very  violent,  its 
dangers  may  be  lessened  by  a  proper  dilution  of  the  ingredients.  Another 
valuable  controller  of  violent  reactions  is  judicious  cooling  of  the  vessel. 

In  mixing  the  strong  acid,  care  must  be  exercised,  else  an  eflfervescence 
of  explosive  violence  will  occur.  The  pharmacopoeia  directs  that  the 
mixing  be  done  "in  a  capacious  glass  vessel"  but  a  large  evaporat- 
ing dish  is  safer.  Note  that  the  pharmacopoeia  directs  that  the  acid  be 
stored  in  half-filled  amber-colored  bottles  and  states  that  the  acid  should 
not  be  dispensed  if  it  fails  to  liberate  iodine  from  potassium  iodide  solution. 

Nitrohydrochloric  acid  is  a  hepatic  stimulant  when  given  in  largely 
diluted  doses.  A  prescription  for  liver  troubles,  formerly  largely  used, 
consisted  of  a  mixture  of  fluidextract  of  taraxacum  with  the  acid.  When 
these  two  liquids  are  mixed,  a  violent  effervescence  occurs,  due  to  the 
oxidation  of  some  of  the  constituents  of  the  fluidextract.  In  dispensing 
such  preparations,  therefore,  care  must  be  taken  to  avoid  bottling  untfl 


398  PRINCIPLES   OF   PHARMACY 

the  effervescence  ceases,  as  otherwise  the  liberated  gases  will  cause  an 
explosion  of  the  bottle  and  the  spattering  of  the  acid  mixture. 

Dose. — Of  strong  acid,  2  decimils  (3  minims).  Of  official  diluted 
acid,  1  mil  (15  minims). 

SULPHX7RIC  ACID 

(H2SO4) 

This  well-known  substance  has  been  known  since  the  fifteenth  cen- 
tury, it  being  a  matter  of  record  that  Basil  Valentine  obtained  it  by  heat- 
ing ferrous  sulphate;  from  this  origin  is  the  synonym,  ail  ofvitriolj  derived. 
The  alchemist  had  become  familiar  with  several  chemicals  of  crystalline 
form  and  of  different  colors,  such  as  the  sulphates  of  zinc,  copper,  and 
iron.  By  reason  of  their  similarity  to  bright  pieces  of  glass  these 
substances  were  termed  respectively  white  vitriol  (vitrous  meaning  glass), 
hlxie  vitriol,  and  green  vitriol.  All  three  of  these  "glasses,"  on  being  sub- 
mitted to  strong  heat  in  a  retort,  yielded  an  oily  liquid  (sulphuric  acid), 
which  was,  therefore,  called  oil  of  vitriol  (or  oil  of  glass). 

As  already  explained  the  formula,  H2SO4,  is  assigned  this  important 
acid.  Oddo  and  Anneli  state  that  estimations  of  its  molecular  weight 
points  to  the  double  formula  H4S2O8  and  suggest  a  graphic  formula  show- 
ing this. 

Sulphuric  acid  is  the  most  important  manufactured  chemical  used, 
being  the  veritable  foundation  of  modem  chemical  industry;  therefore 
its  process  of  manufactm'e  must  be  clearly  comprehended. 

The  first  stage  is  burning  sulphur  in  contact  with  air,  when  there  is 
formed  sulphurous  oxide,  SO2,  whose  suffocating  odor  is  noticed  in  a 
burning  sulphur  match. 

The  second  stage  is  the  conversion  of  sulphurous  oxide,  SO2,  into  sul- 
phuric oxide,  SOg.  This  occurs  by  the  process  of  oxidation — the  adding 
of  oxygen  to  a  body — a  process  -not  so  simple  as  it  at  first  seems.  We 
cannot  change  SO2  into  SOs  by  simply  mixing  with  oxygen.  To  accom- 
plish this  we  have  to  employ  an  energetic  compound  like  nitric  acid, 
chromium  trioxide,  or  potassium  permanganate.  Let  us  explain  the 
reason  for  this. 

The  change  from  SO2  to  SO3  is  not  simply  an  addition  of  one  more 
atom  of  oxygen;  there  is  another  and  very  important  difference — that  of 
valence  of  sulphur. 

Sulphur  in  SO2  is  quadrivalent — ^has  the  valence  iv — while  in  SOs 
it  is  sexivalent — ^has  the  valence  vi — and  to  change  sulphur  with  four 
bonds  to  sulphur  with  six  bonds  requires  energetic  action.  So  oxidation 
is  not  merely  adding  oxygen  to  a  body,  but  in  inorganic  chemistry  it 
almost  invariably  means  change  in  the  valence  of  one  of  the  elements 
acted  on. 

In  the  sulphuric  acid  process  we  have  completed  the  second  stage, 
save  giving  the  equation  showing  the  reaction,  which  is: 

3SO2     +    2HN08     «     3S0.     +     N,0,     +     H«0. 

In  writing  reactions  alwajrs  balance  the  finished  equation  to  see  if 
the  same  number  of  atoms  are  found  on  either  side  of  the  sign  of  equality. 
This  is  most  important,  for  otherwise  the  equation  is  defective.  Let  us 
now  run  over  the  reasonilig  whereby  the  balancing  is  done.  Write  down 
the  equation  given  above,  checking  off  as  we  go  along.  3S,  in  the  SO2 
groups:  on  the  other  side  of  the  equation  we  have  3S  in  the  SO3  groups, 
check  them.    3  X  20  in  the  SO2  groups  and  2  X  30  in  the  HNOs  groups; 
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ihat  makes  12  O's  in  all.  Let  us  look  on  the  other  side.  3  X  30  in  the 
50j  groups;  lO  in  the  H2O  and  20  in  N2O2,  they  tally;  so  check  them  oflF. 
Phen  there  are  2H  in  the  HNOs  groups,  and  on  the  other  side  there  are 
2H  in  H2O;  check  oflf.  Lastly,  there  are  2N  in  the  HNOg  groups,  and 
across  the  equality  line  there,  are  2N  in  N2O2.  When  these  are  checked 
off,  nothing  unaccounted  for  remains  on  either  side. 

An  interesting  and  useful  point,  especially  in  equation  writing,  is  the 
ai&ount  of  oxygen  furnished  by  nitric  acid  .in  oxidation.  2HN0»  give 
three  atoms  of  oxygen,  as  is  shown  in  the  following  equation: 


2HNOs  breaks  up  into 


H,N,0«  =  2HNO3. 

The  third  stage  of  the  sulphuric  acid  reaction  is  very  simple.  The 
sulphuric  oxide,  SOs,  comes  in  contact  with  steam,  H2O,  forming  sulphuric 
add,  H2SO4. 

In  the  second  stage  one  of  the  products  is  N2O2.  This  readily  takes 
oxygen  from  the  air,  even  in  the  lead  chamber,  changing  from  a  colorless 
vapor  to  the  red-brown  fumes,  N2O4  or  2NO2.  This  N2O4  is  brought 
in  contact  with  fresh  quantities  of  sulphurous  oxide,  which  it  oxidizes 
into  sulphuric  oxide  by  the  following  reaction:  2SO2  +  N2O4  «N20a  + 
2S0,. 
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^  232. — Le«d'«hamber  (aohematio):  A,  Sulphur  furnace  where  reaction  I  takes  place;  B,  retort 
where  nitric  acid  is  generated;  (7,  lead-chamber  where  reactions  II-VI  occur. 

The  resulting  N2O2  is  again  converted  into  N2O4,  and  thus  the  process 
is  continuous,  and  a  small  quantity  of  nitric  acid  can  be  used  over  and 
over  again  in  the  oxidization  process.  Let  us  sum  up  the  reaction  in  its 
five  stages: 


I.  S 

II.  3S0, 
UI.  8O3 
IV.  NjO,  (from  II.) 

V.  280, 
VI.  80, 


+ 

0, 

= 

SO,. 

+ 

2HN0, 

=3 

3S03   + 

+ 

HsG 

S 

H,S04. 

+ 

O2 

SB 

N,04. 

+ 

N,04 

S 

2SOs     + 

-f- 

H2O 

= 

H,S04. 

H,0     +     N,0, 


N,0» 


Prom  this  stage  on  the  reaction  is  continuous,  employing  I,  V,  IV, 
and  VI. 

There  are  se^veral  intermediate  staees  in  the  reaction  not  shown  in  the  equations 
just  given.     For  instance  SO,  and  N,04  unite  temporarily  to  form  nitrosyl  sulphuric 

^  «><ON0. 

The  appended  sketch  (Fig.  232)  outlines  the  apparatus  in  which  the 
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reactions  occur.  The  walls  of  the  chamber  are  lined  with  lead;  not  be- 
cause the  metal  is  impervious  to  the  acid,  but  because  the  lead  sulphate 
formed  is  insoluble  in  water  and  sticks  to  the  metal  as  a  protective  cover- 
ing. Were  zinc,  copper,  or  iron  employed,  the  sulphates  of  the  metal, 
being  soluble  in  water,  would  be  dissolved  ofif  by  the  steam,  constantly 
leaving  a  fresh  metallic  surface  to  be  attacked. 

While  a  deviation  from  the  subject  directly  under  consideration,  this  is  perhaps 
the  best  place  to  emphasize  the  necessity  of  learning  to  write  and  balance  equations 
correctly — ^those  short-hand  representatives  of  chemical  reactions  found  on  almost 
every  page  from  where  first  introduced  (p.  354).  As  an  illustration  of  how  not  to 
write  equations  mav  be  cited  the  following  remarkable  reaction  actually  submitted 
the  writer  by  one  of  his  pupils: 

Zn     -f     NaOH     -     HjZnSO*! 

How  can  a  sulphate  be  formed  when  zinc  and  sodium  hydrate  are  mixed?  When 
we  write,  as  we  should — 

Zn     +     2NaOH     =     H,     +     Na.ZnO,, 

we  mean  that  if  we  combine  1  atom  of  zinc  with  2  atoms  sodium,  2  atoms  oxvgen, 
and  2  atoms  hydrogen,  we  get,  as  the  reaction  products,  2  atoms  hydrogen  and  also 
2  atoms  sodium,  1  atom  zinc,  and  2  atoms  oxygen,  and  Doth  besides  must,  of  course, 
foot  up  the  same. 

To  use  a  common  comparison:  if  we  take  4  apples,  ^  pound  sugar,  and  1  pound 
flour  to  make  a  pie,  the  finished  pie  will  surely  not  contain  8  apples,  -1  pound  susar 
and  10  pounds  or  flour.  Neither  will  it  contain  4  apples  and  a  pound  of  baking  soda. 
Use.  in  writing  eauations.  the  same  common  sense  employed  in  discussing  an  ordinary 
appie-pie,  rememoering  that  a  chemical  reaction  is  merely  a  rearrangement  of  matter, 
and  during  such  a  change  matter  is  neither  created  nor  lost.  Whue  on  the  subject 
it  may  be  well  to  emphasize  the  three  varieties  of  reactions  by  giving  equations 
expressing  their  character: 

A  simple  reaction  is  one  in  which  two  elements  combine  to  form  a  compoimd, 
thus:  H,  +  O  =  H,0. 

A  simple  decomposition  is  a  reaction  in  which  an  element  acts  on  a  compound  in 
such  manner  as  to  break  it  up  and  then  form  a  new  compound,  thus:  K  +  HtO  » 
KOH  +  H. 

A  do\ible  decomposition  is  a  reaction  in  which  two  compounds  so  act  on  each  other 
as  to  form  two  new  compounds,  thus :  KOH  +  HCl  «  fliO  -f-  KCl. 

To  return  to  sulphuric  acid,  besides  obtaining  sulphurous  oxide  by 
burning  sulphur  in  air,  the  same  gas  is  obtained  by  the  burning  of  iron 
pyrites  (see  p.  499),  and  in  technic  this  substance  is  largely  used  for  the 
production  of  sulphuric  acid  in  place  of  sulphur.  The  objection  to  this 
so-called  "pyrites  acid"  is  that  the  native  pyrites  usually  contain  arsenic, 
and  the  acid  obtained  therefrom  is  frequently  contaminated  with  this 
deleterious  substance.  Careful  manufacturers,  however,  succeed  in 
removing  all  traces  of  arsenic  by  treatment  of  the  crude  acid  with  hydro- 
gen sulphide,  the  excess  of  which  is  removed  from  the  acid  by  heating. 
According  as  to  whether  sulphur  or  iron  pyrites  is  employed  in  the  manu- 
facture of  the  sulphuric  acid,  specially  constructed  furnaces  are  employed. 
It  might  here  be  said  that  the  limitations  of  this  work  preclude  entering 
into  details  of  technic  of  the  manufacture  of  all  the  chemicals  here  de- 
scribed ;  the  student  desiring  such  is  referred  to  standard  works  on  chemical 
technology  found  in  the  preface. 

Of  recent  years,  the  contact  method  of  manufacture  of  sulphuric  acid  has  come 
into  use.  In  this  process  the  oxidation  of  sulphurous  oxide  to  sulphuric  oxide  is 
accomplished  by  passing  a  mixture  of  the  first-named  oxide  and  of  air  over  spungy 
platinum  heated  to  400°-450°C..  thus  avoiding  the  use  of  nitric  acid — the  air  fur- 
nishing the  required  oxygen  ana  the  platinum  bringing  about  the  chemical  action* 
The  process  is  a  commercial  success,  and  is  still  operated  under  patents. 
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Sulphuric  acid  is  the  most  important  manufactured  chemical  known 
to  the  world,  it  being  used  in  numberless  branches  of  trade.  An  indica- 
tions of  its  enormous  consumption  is  the  statement  that  in  this  country 
over  two  to  three  million  tons  are  made  each  year. 

Three  fornas  of  sulphuric  acid  are  recognized  by  the  pharmacopoeia: 

ACIDUM   SULPHURICUM— Sulphuric  Acid 

(Acid.  Sulphuric.) 

A  liquid  containiii|(  not  less  than  93  per  cent,  nor  more  than  95  per  cent,  of  HsS04 
(98.09).     Preserve  it  in  glass-fitoppered  bottles. 

Summarized  Description. 

Colorless,  odorless,  oily  liquid;  verv  caustic  and  corrosive;  sp.  gr.,  1.83;  miscible 
with  water  and  with  alcohol,  with  evolution  of  much  heat;  vaporizes  with  evolution 
of  dense  fumes.     For  details  see  U.S.P^  p.  24. 

For  testa  for  identity,  for  imprjirilies  (lead,  nitric  or  nitrous  acids,  hydrochloric  acid, 
heavy  metals,  non-volatile  matter,  sulphurous  acid,  arsenic)  and  for  assay  see  U.S. P., 
p.  24  and  also  Part  V  of  this  book. 

Remarks. — This  contains  93  to  95  per  cent,  of  the  absolute  acid,  and 
has  the  specijSc  gravity  1.83,  which  represents  the  greatest  strength  of 
acid  convenient  for  manufacturing  and  handling.  This  acid  is  a  colorless 
liquid,  of  oily  consistence,  miscible  in  all  proportions  of  alcohol  and  water 
with  the  evolution  of  so  much  heat  that  mixing  requires  great  caution 

ACIDUM    SXTLPHURICUM    DILUTUM— Diluted     Sulphuric    Acid 

(Acid.  Sulph.  Dil.) 

An  aqueous  solution  containing  not  less  than  9.5  per  cent,  nor  more  than  10.5 
per  cent,  of  HsS04  (98.09).     Preserve  it  in  glass-stoppered  bottles. 

Condensed  Recipe, 

Pour  50  Gm.  sulphuric  acid  cautiously  into  420  Gm.  distilled  water.  For  details 
see  U.S.P. 

Summarized  Description, 

Colorless,  odorless  liquid;  strongly  acid  to  taste  and  to  litmus;  sp.  gr.  1.067.  For 
details  see  U.S.P.,  p.  25. 

For  tests  for  identity,  for  impurities  (non-volatile  matter,  sulphurous,  nitrous  and 
hydrochloric  acids,  heavy  metaLs  and  arsenic)  and  for  assay  see  U.S. P.,  p.  25  and  also 
Part  V  of  this  book 

Remarks. — This  diluted  form  contains  about  10*  per  cent,  absolute 
HaS04.  As  mentioned  above,  the  dilution  of  the  strong  acid  with  either 
alcohol  or  water  must  be  performed  with  care,  as  great  heat  is  evolved, 
frequently  resulting  in  a  spattering  of  the  hot  acid.  A  rule  always  to  be 
observed  in  diluting  sulphuric  acid  is  that  the  acid  should  be  poured  in 
a  fine  stream  into  the  water  contained  in  a  shallow  dibh.  Never  should 
water  be  poured  into  the  acid,  and  rarely  is  it  advisable  to  perform  the 
dilution  of  the  acid  in  anything  but  a  shallow  open  dish. 

Mediccd  Properties. — Used  like  aromatic  sulphuric  acid.  The  con- 
centrated is  never  used  medicinaUy  except  after  dilution. 

Dose, — 1  mil  (15  minims). 

ACmUM  SULPHURICnM  AROMATICUM— Aromatic  Sulphuric  Acid 

(Acid.  Sulph.  Arom.) 

Aromatic  Sulphuric  Acid  contains  free  sulphuric  acid  and  ethylsulphuric  acid 
together  equivalent  to  not  less  than  19  per  cent,  nor  more  than  21  per  cent,  of  HzSOi 
'""  ''^).    Preserve  it  in  glass-stoppered  bottles. 
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Condensed  Recipe. 
See  below. 

Summarized  Deacriptum, 

Clear,  reddish-brown  liquid;  aromatic  odor;  sp.  gr.  0.933.     For  details  see  U.S. P., 
p.  24. 

For  testa  far  identity ,  and  for  aeeay  see  U.S.P.,  p.  25  and  also  Part  V  of  this  book. 

Remarks. — This  pharmaceutic  is  made  by  adding  109  mils  of  the  con- 
centrated acid  to  700  mils  alcohol,  and  when  the  mixture  is  cooled,  there 
is  added  50  mils  of  tincture  pf  ginger,  1  mil  of  oil  of  cinnamon,  and  enough 
alcohol  to  make  the  finished  product  measure  1000  mils. 

At  the  first  glance  the  above  recipe  would  indicate  a  10  or  11  per  cent, 
acid,  but  when  it  is  recalled  that  the  100  mils  of  sulphuric  acid  will  weigh 
183  Gm.,  while  100  mils  alcohol  weighs  but  82  Gm.,  it  will  be  seen  that 
the  strength  by  weight  is  about  20  per  cent.  This  preparation  is  known 
as  elixir  of  vitriol^  and  replaces  the  original  recipe,  which  was  popular  for 
several  hundred  years.  The  preparation  contains,  besides  sulphuric  acid, 
some  ethyl-sulphuric  acid.     (See  p.  593.) 

Aromatic  sulphuric  acid  affords  the  favorite  means  of  administration 
of  the  acid,  its  chief  use  being  in  the  night-sweats  of  tuberculosis. 

Dose, — 1  mil  (15  minims). 


Fig.  233. — Apparatus  for  manufaetiare  of  sulphurous  acid. 

Nordhausen  stdphuric  acid  is  a  form  of  acid  obtained  by  distillinc;  completely 
exsiccated  ferrous  sulphate  or  roasted  iron  pyrites  in  dry  retorts.  It  consists  of  a  mix- 
ture of  H2SO4  and  80a,  and  is,  therefore,  sometimes  assigned  the  formula  HsStO?. 
A  semisolid  modification  now  in  commerce  consists  almost  entirely  of  SOs.  Oleum 
is  a  liquid  mixture  of  H2SO4  and  SOa  obtained  by  the  contact  process. 

Acidum  Sulphurosum  (U.S.P.  VIII)  or  sulphurous  add,  is  a  saturated  aqueous 
solution  of  sulphurous  oxide,  containing  6  per  cent.  SOs.  In  common  with  all  ternary 
acids,  this  boay  is  derived  from  the  corre8i>ondin^  oxide,  sulphurous  oxide,  which  we 
have  already  learned  is  SO21  and  this  combines  with  water,  as  shown  in  the  following 
equation : 

SO,     +     H,0     =     H,SO,. 

While  theoretically  all  ternary  acids  are  derived  from  the  oxides  by  treatment  with 
water,  in  the  practical  manufacture  of  ternary  acids  this  method  is  not  always  evident. 
For  instance,  in  the  Markoe  process  of  manufacture  of  phosphoric  acid  (p.  404)  the 
formation  of  the  oxide,  while  occurring,  is  not  expressed  in  the  equation.  Sulphurous 
acid,  however,  is  maniuactured  by  the  direct  solution  of  sulphurous  oxide  gas  in  water, 
thisjKas  being  obtained  by  the  reduction  of  sulphuric  acid. 

Two  operations — oxidation,  or  the  addition  of  oxygen  to  a  body,  and  reduction, 
or  the  removal  of  oxygen  from  a  substance — are  very  important  operations  in  chemical 
work. 

Substances  capable  of  increasing  the  valence  of  an  element  at  the  same  time  it 
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lives  oxysen  to  the  element  are  called  oxidizing  agents,  and,  on  a  preceding  page, 
litric  acid,  potaasiuin  permanganate,  and  chromic  acid  were  cited  as  oxidizing  agents. 
i  reducing  agent,  on  the  other  hand,  takes  oxygen  from  a  body  and  reduces  the  vaience 
tf  one  of  its  elements.  Carbon  (charcoal),  metallic  sodium  (chiefly  as  sodium  alcoho- 
ate),  and  glucose  are  examples  of  reducing  agents,  and  usually  in  inorganic  chemistry 
tarbon  is  employed.  This  is  true  in  the  manufacture  of  sulphurous  acid,  in  which  the 
eaction  is  as  follows: 

H^Oi     =     SO,     +     H,0 

2S0.       +    C        =     2S0,     +     CO,. 

Both  gases  formed,  sulphurous  oxide  and  carbonic  oxide,  after  washing — lifter 
[Missing  tnrough  a  flask  containing  water,  which  will  absorb  such  soluble  impurities  as 
sulphuric  oxide — are  run  into  cooled  distilled  water^  which  dissolves  the  sulphurous 
mde  (forming  corresponchn^  acid),  while  most  ot  the  carbon  dioxide  passes  off. 
Since  the  process  affords  a  striking  illustration  of  the  apparatus  required  in  the  manu- 
facture, washing,  and  collecting  of  gases,  a  picture  of  the  apparatus  is  here  ^iven 
(Fl^.  233).  Sulphur  dioxide  and  sulphurous  acid  are  employed  because  of  their  re- 
ducing action,  both  abstracting  oxygen  from  many  substances  with  which  they  come 
in  contact.  It  is  because  of  this^  property  that  these  bodies  are  used  as  bleaching 
aeents  and  as  disinfectants,  and  it  is  because  of  the  latter  action  that  the  official  acid  is 
of  value  in  medicine.  Sulphurous  acid  is  sometimes  used  internally  as  an  antiferment. 
It  aoon  loses  the  dissolvea  sulphurous  oxide,  hence  should  be  dispensed  only  in  the 
fresh  state. 

Dose. — 2  mils  (30  minims). 

ACmUM    PHOSPHORICUM— Phosphoric    Add 

(Acid.    Phos.) 

A  liquid  containing;  not  less  than  85  per  cent,  nor  more  than  88  per  cent,  of  HsPOi 
(98.06).    Preserve  it  m  glass-stoppered  bottles. 

Sunmarized  Description, 

Colorless,  odorless,  syrupy  liquid;  strongly  a^sid  to  taste  and  to  litmus;  sp.  gr. 
1.72;  on  heating  it  is' converted  into  pyrophosphoric  acid  and  then  into  metaphosphorio 
acid.    For  details  see  U.S.P.,  p.  21. 

For  ietU  for  identity,  for  imvuriiiea,  see  diluted  phosphoric  acid.  For  ctssay  see 
II.S.P.,  p.  21  and  also  Part  V  of  this  book. 

Remarks. — ^Phosphoric  acid  is  recognized  by  the  pharmacopoeia 
in  the  form  of  an  85  to  88  per  cent,  solution,  the  so-called  "  syrupy  phos- 
phoric acid."  It  is  made  by  the  oxidation  of  phosphorus  with  nitric 
acid,  a  process  accompanied  by  some  danger,  hence  the  recipe  is  omitted 
in  the  present  pharmacopoeia,  since  the  chemical  can  be  best  and  most 
cheaply  prepared  by  the  large  manufacturer.  The  equation  of  the 
reaction  is 

6P        +     lOHNOa     =      SPjOb      +      5H,0     +     5N,0, 
P«0»     -f    3H,0  =      HePjOg    =      2H,P04. 

I^t  us  go  over  the  reasoning  employed  in  figuring  out  these  quantities.  We  want 
to  make  PjO*;  we  need  for  this  five  atoms  of  oxvs^n.  We  have  learned  that  2HN08 
yield  three  atoms  of  oxygen;  three  is  not  divisible  into  five;  hence  to  make  PsOe  will 
reqiiiie  the  amount  of  oxygen  from  nitric  acid  corresponding  to  the  least  common 
nwltiole  of  three  and  &ve.  This  is  fifteen.  Fifteen  atoms  of  oxygen  are  needed; 
2HN0i  yield  three  atoms  oxygen;  hence  to  furnish  150  will  require  5  X  2HN08  or 
lOHNOa. 

We  are  making  PtO».  One  molecule  of  this  contains  five  atoms  of  oxygen.  We 
nave  fifteen  atoms  of  oxygen;  hence  can  make  3PjO»;  for  3  X  50  =  150.  Lastly, 
we  see  that  in  3PsOs  there  are  six  phosphorus;  hence  we  begin  the  eqjiation  with  six 
atoms  of  phosphorus  and  ten  molecules  of  nitric  acid. 

If  to  one  molecule  of  PaOs  we  add  one  molecule  of  H2O,  we  get  two 
molecules  of  metaphosphoric  acid,  HPO3.  If,  on  the  other  hand,  as 
above,  we  add  three  molecules  H2O  to  one  molecule  of  P2O6,  we  get  two 
molecules  of  the  official  (so-called  ortho-)  phosphoric  acid,  HsPOi. 
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A  less  dangerous  method  of  manufacture  than  that  just  given,  devised 
by  Professor  Markoe  for  the  use  of  the  retail  pharmacist,  consisted  in 
treating  phosphorus  under  the  surface  of  water  with  bromine  and  a  small 
quantity  of  iodine,  and  at  the  end  of  the  reaction  nitric  acid  is  added. 
The  reaction  runs  in  three  distinct  stages.  First,  phosphorus  and  bro- 
mine unite  to  form  phosphorus  pentabromide,  viz. : 

(I)     P     +     Br»     =     PBr6. 

This  decomposes  in  the  presence  of  water,  with  the  formation  of  phos- 
phoric acid  and  hydrobromic  acid: 

(II)     PBrs     +     4H,0     =.     HaPO*     +     6HBr. 

The  nitric  acid  liberates  bromine  from  hydrobromic  acid: 

(III)     6HBr     +     2HN0,     =     Bre     +     4H,0     +     N^,. 

The  bromine  here  freed  acts  on  another  portion  of  the  phosphorus, 
and  the  reactions  I,  II,  and  III  are  repeated  in  regular  order  as  long  as 
any  phosphorus  remams  unoxidized. 

It  will  be  seen  that  the  ultimate  result  of  this  process  is  the  same  as  that  of  the 
first  process^  nitric  acid  being  the  real  oxidizing  agent  in  both  cases.  The  function 
of  the  bromme  in  the  second  process  is  to  lessen  the  violence  of  the  reaction  by  sently 
bringing  the  nitric  acid  in  contact  with  the  phosphorus,  insuring  a  gradual  evolution 
of  the  gaseous  nitrogen  dioxide;  for  be  it  remembered  that  most  explosions  are  due 
either  to  a  sudden  evolution  or  a  sudden  contraction  of  a  gas.    If  the  process  is  so 

glanned  to  permit  the  evolution  of  a  gas  during  several  hours,  no  danger  ensues, 
ut  if  the  same  amount  of  gas  is  evolved  in  a  few  moments,  a  violent  explosion  occurs 
(p.  422). 

In  both  processes  the  liquid  remaining  at  completion  of  reaction 
is  evaporated,  partly  to  remove  the  last  traces  of  nitric  and  nitrous 
acids  (also  bromine,  in  last  process),  and  also  to  concentrate  the  prod- 
uct to  .the  official  strength.  The  last  task  is  very  tedious  if  carried 
out  in  an  open  evaporating  dish,  and  in  the  writer's  experience  he  has 
never  succeeded  in  making  an  acid  of  pharmacopoeia!  strength,  the 
strongest  he  produced  being  about  65  per  cent.  Under  the  pharmacopoeia 
of  1880,  where  a  50  per  cent,  acid  was  directed,  the  Markoe  process  was 
feasible  for  the  retail  pharmacist,  but  now  that  the  pharmacopoeia  de- 
mands the  more  concentrated  form,  we  are  brought  back  to  the  original 
proposition  that  the  pharmacist  had  better  purchase  his  phosphoric  acid. 
Much  of  the  phosphoric  acid  of  commerce  contains  arsenic,  and  the  origin 
of  this  impurity  is  of  interest  as  showing  how  persistently  impurities  may 
sometimes  cling  to  chemicals,  even  though  the  original  substance  has  un- 
dergone several  changes.  The  arsenic  in  the  phosphoric  acid  is  due  to 
arsenic-contaminated  phosphorus.  The  phosphorus  obtains  it  from 
arsenic-contaminated  sulphuric  acid,  while  the  sulphuric  acid  con- 
taminated with  arsenic  is  usually  that  manufactured  from  iron  pyrites, 
in  which  the  arsenic  originally  occurred.  It,  therefore,  behooves  every 
careful  pharmacist  to  test  both  his  phosphoric  acid  and  his  sodium  phos- 
phate for  arsenic  by  the  tests  prescribed  in  the  pharmacopoeia.   (SeePart  V.) 

ACIDUM  PHOSPHORICUM    DILUTUM— Diluted   Phosphoric  Acid 

(Acid.  Phos.  DU.) 

An  aqueous  solution  containing  not  less  than  9.5  per  cent,  nor  more  than  10.6 
per  cent,  of  HaPOi  (98.06).     Preserve  it  in  well-stoppered  bottles. 
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Condensed  Recipe, 

Mix  100  Gm.  phosphoric  acid  with  765  Gm.  distilled  water. 

Summcaized  Description, 

Clear,  colorless,  odorless  liquid ;-8trongly  acid  to  taste  and  to  litmus;  sp.  gr.  1.057. 
For  details  see  U.S.P.,  p.  21. 

For  ieets  for  identity y  for  impurities  (metaphosphoric  and  pyrophosphoric  acids ; 
phosphorous,  hypophosphorous,  sulphuric  and  nitric  acids;  heavy  metals,  arsenic 
and  phosphates)  and  for  assay  see  U.S. P.,  p.  21  and  also  Part  V  of  this  book. 

Remarks. — This  body  represents  the  strong  acid  diluted  with  a  suffi- 
cient quantity  of  water  to  make  it  contain  10  per  cent,  of  absolute  H,P04. 
These  two  acids  are  employed  as  nervous  stimulants,  although  for  such 
purpose  that  popular  remedy,  add  phosphateSj  is  more  frequently  em- 
ployed. A  recipe  for  this  preparation  may  be  found  in  the*  National 
Formulary  under  the  title  of  liquor  addi  phosphorici.     (See  p.  384.) 

It  will  be  observed  that  the  theoretic  construction  of  the  phosphoric 
acid  is  based  on  the  addition  of  three  molecules  of  water  to  one  molecule 
of  phosphoric  oxide,  this  yielding  HiPO^ — the  so-called  orthophosphoric 
acid.  As  explained  on  p.  358,  this  substance  is  not  the  true  "ortho-*' 
acid.  If  the  same  oxide  is  combined  with  one  molecule  of  water,  the 
following  reaction  occurs: 

P,0»    +    H«0     =    2HP0,, 

metaphosphoric  acid  being  formed.  This  metaphosphoric  acid  is  called 
glacial  phosphoric  add^  because  oii  cooling  it  becomes  a  transparent, 
ice-like  solid. 

Under  this  division  mention  may  be  made  of  pyrophosphoric  add, 
H4P2O7.  The  composition  of  this  body  will  be  considered  when  discussing 
sodium  pyrophosphate  (p.  441),  and  mention  is  here  made  merely  to  call 
attention  to  the  test  distinguishing  between  the  three  forms,  ortho-,  meia-y 
and  p|/ro-phosphoric  acids,  these  three  being  also  called  respectively  the 
tribasic,  monobasic,  and  the  tetrabasic  phosphoric  acids.  (See  p.  359.) 
Orthophosphoric  acid  does  not  coagulate  albumin  (white  of  egg),  and 
forms  a  yellow  precipitate  of  silver  phosphate  on  the  addition  of  silver 
nitrate  solution.  Metaphosphoric  acid  coagulates  albumin,  and  gives 
a  white  precipitate  with  silver  nitrate,  while  pyrophosphoric  acid  does 
not  coagulate  albumin,  and  gives  a  white  precipitate  with  silver  nitrate. 
Silver  nitrate  reactions  also  apply  to  the  salts  of  these  acids,  but  the  albu- 
min test  can  be  used  only  with  the  free  acids. 

Dose. — 2  mils  (30  minims). 

liquor  Phosphatmn  Acidus  (N.F.)  or  solution  of  acid  phosphates  is  now  made  bv 
diasolving  precipitated  chalk  and  magnesium  carbonate  in  a  diluted  phosphoric  acid, 
the  fonner  method  of  preparation  from  bone  ash  (p.  384)  being  abandoned. 

Liquor  Phosphatum  Compositus  (N.F.)  is  discussed  on  p.  191. 

ACmUM    HYPOPHOSPHOROSUM.— Hypophosphorous    Acid 

(Acid.  Hypophos.) 

An  agueous  solution  containing  not  less  than  30  per  cent,  nor  more  than  32  per 
cent,  of  HPHjOj  (66.06).     Preserve  it  in  glassnstoppered  bottles. 

Summarized  Description. 

Colorless  or  faint-yellow,  odorless  lii^uid;  stron^y  acid  to  taste  and  to  litmus; 

3}.  gr.  1.13;  on  heating  it  aecomposes  into  phosphine  and  phosphorous  acid.     For 
elailflBeeU.S.P.,  p.  15. 

For  tests  for  identity,  for  impurities,  see  diluted  hypophosphorous  acid.     For  assay 
8ee  U.S.P.,  p.  16  and  also  Part  V  of  this  book. 

Remarks. — ^This  official  contains  30  to  32  per  cent,  of  absolute  hypo- 
phosphorous acid.    The  usual  method  of  manufacture  is  by  a  modification 


406  PRINCIPLES   OF  PHARMACY 

of  the  FothergiU  process,  potassium  hypophosphite  being  treated  with 
enough  tartaric  acid  to  precipitate  all  the  potassium  in  the  form  of  insolu- 
ble potassium  bitartrate.  Among  other  processes  which  have^  been  sug- 
gested is  the  treatment  of  calcium  hypophosphite  with  oxalic  acid  or 
ammoniiun  oxalate  in  which  case  the  following  reaction  occurs: 

Ca(PH,0,),     +    H,Crf)i     -     2HPHrf),    +    GaCrf)*. 

the  calcium  oxalate  being  then  filtered  from  the  solution  of  the  acid. 
A  third  process  is  by  treatment  ot  barium  hypophosphite  with  sulphuric 
acid,  precipitated  barium  sulphate  being  removed  by  filtration. 

The  pharmacopoeia  writes  the  formula  of  hypophosphorous  acid 
HPH2OS.  This  is  because  it  has  but  one  replaceable  hydrogen.  Its 
composition  has  been  the  subject  of  considerable  discussion,  but  now  its 
grapnic  formula  is  supposed  to  be 


The  valence  of  phosphorus  is  five,  just  as  in  phosphoric  acid.  This  is 
totally  different  from  what  we  usually  find  in  various  acids  of  the  same 
element,  and  constitutes  one  of  the  weak  points  in  the  valence  theory. 

ACmUM  HYPOPHOSPHOROSUM  DILUTUM— DUuted  Hypophos- 
phorous Acid  (Acid.  Hypophos.  DiL) 

An  aqueous  solution  containing  not  less  than  0.5  per  cent,  nor  more  than  10.5 
per  cent,  of  HPHtOt  (66.06).     Preserve  it  in  well-stoppered  bottles. 

Condensed  Recipe, 

Mix  100  Gm.  hypophosphorous  acid  with  210  Gm.  distilled  water.  For  details 
see  U.S.P.,  p.  160. 

For  tests  for  identity ^  for  impurities  (barium,  oxalic  acid,  heavy  metals,  arsenic) 
and  for  cissay  see  U.S.r.,  p.  16  and  also  Part  V  of  this  book. 

Summarized  Description. 

Colorless,  odorless  liquid;  strongly  acid  to  taste  and  to  litmus;  sp.  gr.  1.042.  For 
details  see  U.S.P.,  p.  16. 

Remarks. — This  10  per  cent,  acid  is  directed  in  the  present  pharma- 
copoeia to  be  made  by  diluting  the  official  stronger  acid.  Diluted  h3rpo- 
phosphorous  acid  is  official  because  a  constituent  of  syrup  of  hypophos- 
phites.  It  is  rarely  used  alone,  but  when  it  is,  its  action  is  similar  to 
that  of  the  better-known  hypophosphites  of  the  alkalies. 

Dose. — 5  decimils  (8  minims). 
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CHAPTER  XXV 

THE  METALS— POTASSIUH 

The  elements  thus  far  considered  are  grouped  in  the  class  which  are 
called  non-metals  or  metalloids.  As  already  mentioned,  however,  a 
sharp  distinction  between  the  positive  and  the  negative  elements  is  a 
matter  of  considerable  difficulty,  and  even  so  it  is  difficult  to  decide 
whether  a  given  element  is  metallic  or  non-metallic.  In  choosing  a 
definition  for  the  rnddUy  about  all  that  can  be  said  is  that  those  substances 
are  metals  which  possess  a  metallic  lustre  and  which  are  good  conductors 
of  electricity.  Their  oxides,  when  they  dissolve  in  water,  usually  have  an 
alkaline  reaction,  although  several  of  the  elements  which  we  are  now  to 
consider  will  be  found  to  possess  oxides  which  are  more  acid  than  basic. 
It,  therefore,  resolves  the  definition  to  the  one  statement  that  metals  are 
good  conductors  of  electricity. 

The  alkaline  metals  are  the  group  of  elements,  lithium,  sodium,  and 
potassium,  to  which  is  added  the  radical,  ammonium  (NH4),  it  possessing 
properties  so  similar  to  the  three  metals  just  mentioned  that  its  compoundls 
are  considered  with  them.  It  might  oe  added,  too,  that  the  rare  ele- 
ments rubidium  and  csesium  belong  to  this  group,  but  since  they  have 
no  pharmaceutic  application,  nothing  need  be  said  of  them  in  this  work. 

These  alkaline  metals  possess  many  characteristics  in  common. 
They  all  possess  the  valence  i,  are  soft  and  easily  oxidizable  substances, 
and  are  the  only  metals  whose  carbonates  are  soluble  in  water.  This  fact 
is  used  in  analytic  chemistry  for  separating  the  salts  of  these  four  metals 
from  the  other  metals,  as  will  be  seen  in  Part  V. 

POTASSIUM 

Symbol,  K.     Atomic  weight,  approximately  39 

This  element  is  found  in  camoUtto,  which  is  a  mixture  of  potassium 
and  magnesium  chlorides,  and  in  ayUrite,  which  is  chiefly  potassimn 
chloride — ^these  two  ores  are  obtained  from  the  mines  of  Stassfurt,  Ger- 
many. Another  source  of  potassium  is  auinty  or  the  washings  of  wool. 
The  freshly  sheared  wool  is  roughly  cleaned  by  washing  in  water,  the 
washin^ps  are  then  concentrated,  and  from  them  is  obtained  wool-fat  by 
extraction  with  the  proper  solvent.  In  the  residue  is  found  potassium 
in  sufficiently  large  amounts  to  be  a  commercial  source  of  the  element. 
Potassium  carbonate  is  also  extracted  from  the  residues  in  the  manufacture 
of  beet-sugar  {vinasse),  while  large  amounts  are  obtained  from  ashes  of 
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wood  by  lixiviation.  Lately  attempts  have  been  made  to  obtain  potas- 
sium salts  from  sea  weed. 

Potassium  was  isolated  by  Sir  Humphrey  Davy  in  1807  in  his  classic 
researches  in  electricity.  He  submitted  potassa  to  electrolysis,  placing  a 
small  lump  on  a  piece  of  platinum  foil,  which  was  then  connected  with 
the  negative  pole  of  the  battery.  Bringing  the  positive  pole  in  contact 
with  the  potassa  the  latter  dissociated  and  small  globides  of  metallic 
potassa  were  formed.. 

The  electrolysis  of  potassium  in  Davy's  day  was  too  expensive  a 
process  for  commercial  application,  and  the  metal  was  first  produced 
commercially  by  Brunner  by  another  process — ^by  heating  potassium 
carbonate  with  carbon  in  a  retort  to  1000*^C.,  when  potassium  and  carbon 
monoxide  were  produced,  as  shown  in  the  following  equation: 

K,CO,    +    C,    «    K,    +    SCO. 

This  process  is  accompanied  with  danger,  inasmuch  as  carbon  mon- 
oxide forms  with  potassium,  as  well  as  with  several  other  metals  (copper, 
for  example),  weU-defined  solid  carbonyl  derivatives.  In  the  isolation 
of  potassium  the  carbonyl,  KCO,  clogs  up  the  delivery  tube  leading  from 
the  retort,  and  with  the  stoppage  of  this  outlet  explosion  of  the  retort 
occurs.  This  danger  has  been  avoided  by  arranging  the  apparatus, 
whereby  a  plunger  is  made  to  fit  in  the  delivery  tube,  and  by  passing  this 
plimger  up  and  down  the  obstructions  were  removed.  It  should  have 
been  stated  that  the  delivery  tube  terminates  in  a  vessel  containing  liquid 
petroleum  or  benzin,  in  order  that  the  potassium  will  be  condensed  in  a 
medium  by  which  it  is  not  affected,  and  which  will  protect  it  from  atmos- 
pheric action. 

Potassium  is  now  being  made  on  a  large  scale  by  electrolysis  of  potas- 
siimi  hydroxide,  the  reduction  in  the  cost  of  the  production  of  electricity 
since  Davy's  day  permitting  the  commercial  application  of  Davy's 
process. 

Potassium  is  a  silvery  metal  lighter  than  water  and  of  the  consistence 
of  wax,  hence  it  can  be  readily  cut  with  a  knife.  A  freshly  cut  surface,  after 
exposure  to  air,  becomes  white  and  granular,  due  to  the  formation  of  the 
potassium  carbonate.  Metallic  potassium  combines  so  readily  with 
oxygen  that  when  exposed  to  the  air  the  action  is  so  energetic  that  the 
metal  bums.  Likewise,  when  the  metallic  potassium  is  thrown  on  the 
surface  of  water  it  combines  with  the  same,  forming  potassium  hydroxide, 
as  shown  in  the  following  equation : 

K    +    H2O     «     KOH    +    H. 

and  the  heat  of  the  reaction  is  sufficient  to  cause  an  ignition  of  the  hydro- 
gen, which  burns  with  explosive  violence.  Hence  great  care  shoidd  be 
taken  in  the  handling  of  potassium,  and  particular  caution  must  be  exer- 
cised in  combining  same  with  water.  For  this  reason  the  metallic  potas- 
sium is  always  kept  under  substances  devoid  of  oxygen,  such  as  benzin  or 
petroleum. 

The  statements  just  given  emphasize  the  care  to  be  used  in  handling 
potassium.  In  weighing  it  one  rapidly  cuts  from  the  piece  the  oxidized 
exterior  and  then  presses  the  pure  metal  of  the  interior  rapidly  between 
filter-paper  to  remove  the  last  traces  of  the  liquid  in  which  it  has  been 
kept.  Thus  it  can  be  weighed  upon  a  watch-glass,  although  in  cases  of 
large  quantities  it  is  best  to  weigh  same  under  petroleum,  leaving  the 
drying  of  the  metal  until  it  has  been  weighed. 
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The  tests  for  potassium  are,  first,  the  characteristic  crystalline  pre- 
cipitate that  potassium  salts  yield  with  platinic  chloride.  The  separation 
>f  this  precipitate  is  facilitated  by  the  addition  of  a  few  drops  of  alcohol 
;o  the  concentrated  aqueous  solution.  Another  test  is  the  white,  crystal- 
ine  precipitate  of  cream  of  tartar,  produced  when  a  potassium  salt  is 
brought  in^  contact  with  the  proper  quantity  of  tartaric  add,  as  shown  in 
the  following  equation: 

KCl     +     H,C4H406     =     KHC4H4O6     +     HCL 

One  of  the  most  sensitive  tests  is  the  violet  tint  imparted  to  a  colorless 
flame. 

THE  OFFICIAL  COBIPOUNDS  AND  PREPARATIONS  OF  POTASSIUM 

Potaasiam  acetate,  99  per  cent,  absolute  KCsHsOs. 

Potassium  bicarbonate,  99  per  cent,  absolute  KHCO3. 

Potassium  bitartratey  99.5  per  cent,  absolute  KHC4H4O6. 

Potassium  bromide,  98.5  per  cent,  absolute  KBr. 

Potassium  carbonate,  99  per  cent,  absolute  KsCOs. 

Potassium  chlorate,  99  per  cent,  absolute  KClOs. 

Losen^es  of  pot^issium  chlorate.     Pharmaceutic. 

Potassiimi  citrate,  99  per  cent,  absolute  KsCeHtOTHtO. 

Effervescent  potassium  citrate  contains  20  per  cent,  official  citrate. 

Solution  of  potassium  citrate  contains  8  per  cent,  anhydrous  citrate. 

Potassium  and  sodium  tartrate,  99  per  cent,  absolute  ICNaC4H40«4HtO. 

Potassium  hydroxide,  85  per  cent,  absolute  KOH. 

Solution  of  potassium  hydroxide  contains  not  less  than  4.5  per  cent,  absolute  KOH. 

Potassium  hypophosphite,  98  per  cent,  absolute  KPHsOt. 

Potassiimi  iodide,  99  p#r  cent,  absolute  KI. 

Potassium  nitrate,  99  per  cent,  absolute  KNO*. 

Potassium  permangahate,  99  per  cent,  absolute  KMnOi. 

Sulphurated  potasga,  12.8  oer  cent.  S. 

We  might  also  add — 

.Aluminum  and  potassium  sulphate  (considered  among  the  aluminum  salts). 

Solution  of  potassium  arsenite  (considered  among  the  arsenic  salts). 

In  going  over  the  preparations  of  each  metal  we  can  usually  note  a  certain  salt  of 
the  metal  that  is  usea  in  making  the  other  salts  of  the  same  metal.  Thus,  with  the 
alkalies  the  carbonates  are  the  salts  usually  employed.  The  salt  thus  selected  as  a 
"stock  salt"  is  chosen  for  the  most  practical  reasons.  Among  the  deciding  factors, 
cheapness  and  easy  decomposition  are  the  most  important.  Thus,  with  the  alkalies, 
the  chlorides  are  the  most  abundant  salts,  but  since  they  are  not  easily  decomposed, 
they  are  converted  into  carbonates,  which  are  generaUy  used.  But  besides  these 
two  factors  other  considerations  come  into  play.  Thus,  in  making  potassium  com- 
pomids  the  carbonate  itself  is  not  usually  employed,  because  it  is  qmte  deliquescent 
and  difficult  to  purify,  therefore  the  bicarbonate,  which  occurs  in  handsome  crystals, 
is  selected.  Hence,  mere  cheapness  is  not  the  absolute  guide  in  the  choice  of  material, 
but  utility,  average  purity,  and  ease  of  action  are  among  the  other  factors  considered. 

POTASSn  HYDROXmiTM— Potassium  Hydroxide 

(Pot.  Hydrox. — Caustic  Potash — Potassium  Hydrate) 

It  contains  not  less  than  85  per  cent,  of  KOH  (56.11).  Preserve  it  in  well-closed 
coQtamers.    If  bottles  are  used  they  must  be  made  of  hard  glass. 

Summmzed  Description, 

White  flakes,  fused  masses  or  brittle  sticks;  very  caustic:  deliquescent  in  air, 
absorbing  both  water  and  carbon  dioxide;  soluble  in  0.9  part  01  water  and  2.4  parts, 
of  alcohol;  strongly  alkaline.  For  details  see  U.S.P.,  p.  338.  For  teals  far  identity, 
^^  inywrUies  (heavy- metals,  organic  matter,  insoluble  matter)  and  for  assay  see 
U.8.P.,  p.  339  and  also  Part  V  of  this  book. 

Remarks. — ^The  official  chemical  must  contain  at  least  85  per  cent, 
potassium  hydroxide,  a  100  per  cent,  specimen  being  almost  impossible 
except  when  just  solidified,  as  it  rapidly  absorbs  water  from  the  air. 
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Potassium  hydroxide  is  usually  made  by  the  evaporation  of  a  solution 
of  potassa,  the  manufacture  of  which  will  be  given  below.  Official  potassa 
usually  comes  into  the  market  in  the  form  of  cylindric  sticks,  about  ^ 
inch  in  diameter,  these  being  made  by  melting  the  potassa  and  pouring 
into  molds.  The  fusion  of  the  potassa  is  an  operation  which  must  be 
carefully  conducted,  as  the  molten  mass  makes  a  very  painful  burn. 

Potassa  is  very  deliquescent,  and  therefore  must  be  kept  in  well- 
stoppered  bottles.  It  is  a  practice,  on  the  first  opening  of  a  bottle  of 
potassa,  to  seal  it  with  a  considerable  quantity  of  wax,  so  that  on  open- 
mg  at  later  periods  an  air-tight  joint  can  be  renewed  by  simply  passing 
a  hot  spatula  over  the  wax. 

Potassa  is  considerably  used  in  chemical  manufacturing,  as  will  be 
noted  in  the  following  pages.  Its  volumetric  solution  (see  Part  V),  is 
used  for  estimating  the  strength  of  acids.  Medicinally^  potassa  is  used 
externally  as  a  caustic,  the  official  sticks  being  brought  m  direct  contact 
with  the  surface  desired  to  be  burned.  Its  action,  however,  is  so  severe 
that  in  modem  medicine  its  use  is  comparatively  rare.  The  internal 
administration  of  potassa  is  always  in  the  form  of  the  official  solution. 

It  will  be  noted  that  the  present  pharmacopoeia  calls  potassia  ''potas- 
sium hydroxide,"  and  not  potassium  hydrate,  the  same  rule  being  true 
of  all  metallic  hydrates.  (See  Sodium  Hydroxide,  Ferric  Hydroxide, 
etc.)  This  is  in  line  with  the  modem  chemical  nomenclature,  which 
attempts  to  limit  the  word  hydrate  to  water  of  crystallization.  (See 
p.  150.) 

Lye  is  supposedly  crude  potassium  hydroxide,  although  much  of  the  commercial 
lye  is  sodiimi  hydroxide.  While  not  as  pure  as  the  official  variety,  it  is  frequently 
stronger  than  85  per  cent. 

Potassa  cum  Calce  (U.S.?.  1890;  N.F.  IV)  represents  the  official  pbtassa  diluted 
with  its  own  weight  of  freshly  burned  lime,  the  two  being  rubbed  together  in  a  warm 
iron  mortar  until  a  powder  is  formed.  This  preparation  is  supposed  to  be  used  as  a 
caustic  in  preference  to  the  pure  potassa.    It  is  never  used  internally. 

LIQUOR  POTASSn  HYDROXIDI— Solution  of  Potassium  Hydroxide 
(Liq.  Pot  Hydrox. — Liquor  Potassse — Solution  of  Potassa) 

An  aqueous  solution  containing  not  less  than  4.5  per  cent,  of  KOH  (56.11).  Pre- 
serve Solution  of  Potassium  Hydroxide  in  bottles  made  of  hard  glass,  and  provided 
with  rubber  stoppers  or  with  glass  stoppers  coated  with  petrolatum. 

Condensed  Recipe. 

Dissolve  00  Gm.  potassium  hydroxide  in  940  Gm.  water.     For  details  see  U.S.P. 

Summarized  Description. 

Clear,  colorless,  odorless  liquid:  caustic;  strongly  alkaline;  absorbs  carbon  dioxide 
from  the  air;  sp.  sr.  1.046.    For  details  see  U.S.P.,  p.  252. 

For  tests  for  identity^  and  for  impurities  see  potassium  hydroxide.  For  iusay  see 
U.S.P.,  p.  252  and  also  Part  V  of  this  book. 

Remarhs, — ^This  preparation,  conunonly  called  solution  of  potassa, 
is  now  directed  to  be  made  by  the  simple  solution  of  stick  caustic  potash 
(potassium  hydroxide  of  the  present  pharmacopoBia)  in  water.  The 
recipe  of  the  IJ.S.P.  1890,  given  in  detail  in  Part  VII,  consists  of  a  double 
decomposition  between  potassium  bicarbonate  and  calcium  hydroxide, 
as  shown  in  the  following  equation: 

KHCO,     +    Ca(OH),     «     CaCX),     +    KOH     +     H,0. 

Let  us  make  this,  if  possible,  still  clearer  by  graphic  expression: 
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KOH    Potassium  hydrate. 

HOH    Water. 

CaCOs  Calcium  carbonate. 


Note  that  in  figuring  out  these  processes  it  is  the  practicali  rather 
than  the  theoretiic,  side  that  is  considered.  The  compounds  used  are 
always  the  cheapest  that  will  answer  satisfactorily.  Thus  in  the  process 
just  given,  magnesium  hydroxide  could  be  used  just  as  well  as  that  of 
calcium,  but  it  is  not  so  employed  merely  because  it  is  no  better  for  the 
purpose  than  slaked  Ume  and  it  costs  much  more. 

It  will  be  noticed  that  the  calcium  is  removed  in  the  form  of  an  in- 
soluble calcitun  compound,  leaving  nothing  in  solution  but  potassiiun 
hydroxide,  provided  that  the  proper  molecular  proportions  are  employed. 
Solution  of  potassa  is  a  colorless  Uquid,  having  a  very  acrid  caustic 
taste  and  strongly  alkaline  reaction.  It  is  so  strongly  aJkaline  that  it 
attacks  the  glass  of  the  bottles  in  which  it  is  kept,  forming  therein  a 
precipitate  of  potassium  silicate.  For  the  same  reason  it  causes  the  glass 
stopper  to  adhere  to  the  neck  of  the  bottle.  Therefore,  if  the  solution  is 
kept  in  glass-stoppered  bottles,  the  stoppers  should  be  protected  by  being 
smeared  with  petrolatum. 

For  the  purposes  of  the  practical  pharmacist  the  method  of  manu- 
facture of  the  present  pharmacopoeia  is  better  than  the  chemical  process 
^ven  above,  as  large  quantities  of  the  solution  of  potassa  should  not 
be  kept  on  hand,  owing  to  the  fact  that  it  rapidly  deteriorates  in  strength, 
and  the  present  official  process  affords  an  easy  method  of  making  up  small 
quantities.^ 

Solution  of  potassa  is  used  as  an  antacid. 
Dose, — 1  mil  (15  minims)  largely  diluted  in  water. 
In  cases  of  poisoning  by  potassa  or  its  solution  the  antidote  is  that 
used  for  all  caustic  alkalies,  namely,  a  mild  acid,  such  as  vinegar  or  lemon- 
juice. 

Note  that  potassium  and  potassa  are  not  the  same.  Potassium  is  the 
element — ^the  light  alkali  metal  of  the  symbol  K.  Potassa,  or  caustic 
potash,  is  the  hydroxide  of  potassiimi,  its  formula  being  KOH.  Abandon 
the  antiquated  habit  of  saying  "chlorate  of  potash,"  "carbonate  of 
potash,"  and  so  on.  Say  "potassium  chlorate,"  or  "potassium  car- 
bonate," and  thus  have  labels  printed,  gradually  educatmg  the  public. 
The  question  of  label  printing  deserves  more  time  than  is  usually  given  it. 
We  take  the  labels  as  the  printer  sees  fit  to  spell  them,  because,  forsooth! 
they  are  cheap. 

Shop  labels  shotdd  follow  pharmacopoeial  changes,  and  in  so  doing 
it  is  best  to  have  both  the  old  and  the  new  names  on  the  label,  as  suggested 
below;  for  some  conservative  people  would  be  suspicious  were  only  the 
new  name  on  the  label.    The  suggested  label  is  as  follows* 


POTASSIUM  CHLORATE. 

(Chlorate  of  Potash.) 
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POTASSA  SULPHURATA— Sulphurated  Potassa 

(Pot.  Sulphurat. — ^Liver  of  Sulphur) 

A  mixture  composed  chiefly  of  potassium  polysulphides  and  potassium  thiosul- 
phate  and  containmg  an  amount  of  sulphides  corresponding  to  not  less  than  12.8 
per  cent,  of  sulphur  (S).    Preserve  it  in  well-closed  containers.  " 

Summarized  Deacription, 

Irregular  pieces;  liver-brown,  greenish-yellow  or  gray  according  to  age;  unstable; 
odor  of  hydrogen  sulphide;  soluble  in  water.     For  details  see  U.S.P.,  p.  330. 

For  t&sts  for  identity ,  and  for  assay  see  U.S.  P.  and  also  Part  V  of  this  book. 

Remarks, — This  product  is  made  by  heating  together  potassium 
carbonate  and  sublimed  sulphur  in  a  covered  crucible  until  the  mass  is 
in  a  state  of  perfect  fusion. 

According  to  the  proportional  quantities  of  the  ingredients,  and 
also  the  amount  of  heat  employed,  any  of  the  following  reactions  may 
occur: 

I.  3K,C0»     +     6S2     =     2K2S5     +     K2S2O3     +     3CO2. 

II.  3K2COS     +     4S2     =     2K2S3     +     K2S2O3     +     3CO2 

III.  4K2CO3     +     5S2     =     3K2S3     +     K2SO4      +     4CO2. 

This  shows  that  sulphurated  potassa  is  not  a  definite  chemical,  but  a 
mixture  of  the  polysulphides,  the  sulphate,  and  the  thiosulphate  of  po- 
tassium. 

Sulphurated  potassa,  when  freshly  prepared,  is  in  the  form  of  irregular 
pieces,  of  a  liver-brown  color,  and  from  the  last  fact  it  hsts  been 
given  the  synonym  liver  of  sulphur.  On  exposure  to  air,  however,  it 
absorbs  moisture,  oxygen,  and  carbon  dioxide,  changes  to  greenish  yellow, 
and  eventually  to  a  gray  mass,  the  latter  consisting  of  potassium  carbon- 
ate, thiosulphate,  and  sulphate.  It  is  needless  to  say  that  only  the 
Uver-colored  preparation  should  be  dispensed,  and  this  necessity  renders 
the  preparation  ineligible.  The  manufacture  of  it  by  the  retail  pharma- 
cist is  a  matter  of  considerable  diflSculty  and  uncertainty,  and  yet  if 
purchased  in  pound  lots  from  the  manufacturer,  it  becomes  useless,  or 
almost  so,  before  a  quarter  has  been  used;  moreover,  there  is  no  satis- 
factory method  of  preserving  it. 

Sulphurated  potassa  is  sometimes  used  under  the  name  of  potassium 
sulphide  as  a  laxative,  in  5-grain  doses. 

POTASSn  ACET AS— Potassium  Acetate 

(Pot  Acet) 

It  contains,  when  dried  to  constant  weight  at  150°C.,  not  less  than  99  per  cent,  of 
KCsHs02  (98.12).     Preserve  it  in  air-tight  containers. 

Summarized  Description, 

White  powder  or  satiny  crystalline  masses;  very  deliquescent;  soluble  in  0.5  part 
of  water  and  in  about  2  parts  of  alcohol.     For  details  see  U.S.P.,  p.  331. 

For  tests  for  identity .  for  impurities  (heavy  metals,  ar9enic)  and  for  assay  see  U.S.  P., 
p.  331  and  also  Part  v  of  this  book. 

Remarks. — This  salt  is  made  by  the  treatment  of  potassium 
bicarbonate  with  acetic  acid,  as  shown  in  the  following  equation: 

KHCO,     -h     HCjHgOa     =     KC,H,Oa     +     CO,     -f     HjO. 

The  potassium  acetate  remains  in  the  solution,  while  the  carbon 
dioxide   escapes   in   gaseous   form,    with   copious   eflfervescence.    The 
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solution  of  potassium  acetate  is  then  evaporated  to  dryness  on  a  water- 
bath  and  immediately  bottled. 

Potassium  acetate  appears  in  the  form  of  granules,  odorless,  and 
having  a  wamii  saline  taste.  It  is  an  extremely  deliquescent  salt, 
hence  must  always  be  kept  in  dry  containers  which  are  well  sealed.  It 
is  given  as  a  refrigerant  and  mild  laxative. 

Dose, — 1  gramme  (15  grains). 

Poiassiuin  arsenite,  KsHAsOs  or  KAsOs,  is  official  in  the  form  of 
Fowler's  sohUion,  liquor  potassii  arsenitis  (U.S.P.).  This  preparation 
will  be  discussed  among  the  arsenic  compounds. 

POTASSn  BICARBONAS— Potassium  Bicarbonate 

(Pot  Bicarb.) 

U  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid. 
not  less  than  99  per  cent,  of  KHCOs  (100.11).     Pr^erve  it  in  weU-closed  containers. 

Summarized  Description, 

Golorlees  monoclinic  prisms  or  white  granular  powder*  soluble  in  2.8  parts  of  water; 
almost  insoluble  in  alcohol.     For  details  see  U.S. P.,  p.  331. 

For  tests  for  identity y  for  impurities  (excess  of  carbonate,  heavy  metals)  and  for 
assay  see  U.S.P.9  p.  331  and  also  Part  Y  of  this  book. 

Remarks, — ^This  salt  is  made  by  exposing  the  carbonate  to  the  action 
of  carbonic  acid  gas. 

In  expressing  the  reaction  by  simple  addition,  it  is  easy  to  see  why 
the  product  is  called  bicarbonate. 

The  reaction  is: 

Potassium  carbonate K2CO» 

Plus  carbonic  acid HaCOs 

Equals KtHjCCO,), 

or  two  molecules  of  potassium  bicarbonate 2KHC0| 

This  shows  that  the  bicarbonate  really  does  contain  twice  as  much 
carbonic  acid  as  does  the  normal  carbonate,  a  fact  that  is  true  of  all 
salts  bearing  the  prefix  "bi."  Formerly  this  process  was  carried  on, 
suspending  the  carbonate  in  sacks  over  the  fermenting  vats  of  a  brewery, 
and  the  crude  bicarbonate  thus  obtained  was  placed  on  the  market 
under  the  name  of  scHeralus.  At  present  the  demand  for  saleratus. 
is  not  large,  and  the  carbonating  is  performed  with  carbon  dioxide 
obtained  from  other  sources,  the  resulting  bicarbonate  being  purified 
by  crystallization. 

So  many  of  our  pharmaceutic  chemicals  depend  upon  water  for  their 
crystalline  form  that  it  iS  well  to  call  attention  to  the  fact  that  water  is 
not  essential  in  the  formation  of  all  crystals,  potassium  bicarbonate  being 
an  illustration  of  a  chemical  in  well-defined  crystals  containing  no  water. 

Potassium  bicarbonate  is  an  antacid.  It  is  not  often  administered, 
its  chief  use  being  for  the  manufacture  of  other  potassium  compounds,  as 
explained  above.  It  might  be  noted  that  it  is  used  as  a  carbonating 
agent  in  the  manufacture  of  the  solution  of  magnesium  citrate. 

Dose, — 1  gramme  (15  grains). 

POTASSn  BITARTRAS— Potassium  Bitartrate 
(Pot.  Bitart.— Cream  of  Tartar) 

It  contains,  when  dried  to  constant  weight  at  100**C.,  not  less  than  99.5  per  cent- 
w  KHC«H«0|  (188.14).    Preserve  it  in  well-closed  containers. 
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Summarized  Deseriptum, 

Ck>lorle8s  opaque,  rhombic  prisniB  or  white  powder;  odorless;  acidulous  taste; 
soluble  in  155  puts  of  water  and  in  about  7100  parts  of  alcohol.  For  details  see 
U.S.?.,  p.  332. 

For  tests  for  ideniUy^  for  impurUies  (starch,  kaolin,  and  calcium  phosphate;  heavy 
metals,  ammonia,  alum  and  lead)  and  for  assay  see  U.S.P.,  p.  332  ana  also  Part  V 
of  this  book. 

Remarks. — ^Potassium  bitartrate  (or  cream  of  tartar)  is  the  acid  salt 
of  tartaric  acid  HsC4H40e,  as  explained  on  p«  362.  It  occurs  in  the  form 
of  a  white,  gritty  powder  and  is  also  seen  in  the  form  of  small  rhombic 
crystals,  although  this  form  is  comparatively  rare.  Its  manufacture 
from  argols  will  be  discussed  under  tartaric  acid.  It  is  the  one  official 
potassium  compound  which  is  sparingly  soluble  in  water,  one  part 
requiring  200  parts  of  water  at  25®C.  to  dissolve  it.  The  sparing  solu- 
bility of  cream  of  tartar  is  utilized  in  the  manufacture  of  hydrobromic 
and  other  acids  by  the  precipitation  process.  (See  p.  393.)  The  fact 
just  ^ated,  however,  that  it  does  sparingly  dissolve  in  water,  shows  us 
that  hydrobromic  acid  made  by  the  Fothergill  process  will  be 
contaminated  with  bitartrate. 

Cream  of  tartar  is  one  of  the  most  popular  refrigerants  and  laxatives, 
being  esteemed  for  slug^shness  of  the  blood  occurring  during  the  spring 
and  summer  in  warm  climates.  In  such  cases  it  is  frequently  adminis- 
tered in  the  form  of  lemonade,  being  combined  with  sugar  and  water,  and 
possibly  tamarinds,  and  the  mixture  taken  in  doses  ranging  from  a  wine- 
glass to  a  cupful.  Cream  of  tartar  is  a  constituent  of  compoimd  jalap 
powder. 

Dose. — As  diuretic,  2  grammes  (30  grains). 

POTASSn  BROMIDITM— Potassium  Bromide 

(Pot.  Brom.) 

It  contains,  when  dried  to  constant  weight  at  100*^C.,  not  less  than  98.5  per  cent, 
of  KBr  (119.02).    Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Colorless,  cubical  crystals  or  white  granular  powder;  odorless j  saline  taste;  soluble 
in  1.5  parts  of  water  and  about  200  parts  of  alcohol.    For  details  see  U.S.P.,  p.  333. 

For  tests  for  identity^  for  impurities  (bromate,  iodides,  heavy  metals,  sulphates, 
barium,  excess  of  alkau,  and  for  assay  see  U.3.r.,  p.  334,  and  also  Plurt  V  of  this 
book. 

Remmka. — This  valuable  salt  is  prepared  in  two  ways:  The  first 
process  is  the  formation  of  ferrous  bromide  from  iron  and  bromine,  and 
the  decomposition  of  this  ferrous  bromide  by  treatment  with  potassium 
carbonate,  the  two  reactions  being  as  follows: 

I.     Fe       +         Br,         «         FeBrt 

Iron.  Bromine.  Ferrous  bromide. 

II.  FeBr,     +      K,CO,       =     FeCOi     +    2B:Br 

Ferrous  Potassium  Ferrous  Potassium 

bromide.  carbonate.  carbonate.  bromide. 

The  double  decomposition  between  ferrous  bromide  and  potassium 
carbonate  works  admirable,  as  the  insoluble  ferrous  carbonate  precipitates, 
leaving  only  potassium  bromide  in  solution.  This  is  filtered  and  the 
bromide  crystallized  out. 

The  second  process  is  a  little  more  complicated,  but  highly  instructive. 
In  the  first  stage,  potassium  hydroxide  is  treated  with  bromine,  thus: 

6K0H     +    6Br     «     5KBr    +     KBrOi     +    3H,0. 


THE   METALS — POTASSIUM  415 

We  get  potassium  bromide,  KBr,  contaminated  with  potassium  bromate, 
KBrOs,  which  is  a  salt  of  bromic  acid,  HBrOs,  which  is  derived  from 
bromic  oxide,  Br205)  in  which  compound  bromide  shows  the  valence  v. 

Bromic  oxid Br20i 

Phia  water Ht      O 

Equals HsBrtOt 

or  two  molecules  of  bromic  acid 2H  Br  Ot 

This  bromate  is  an  undesirable  addition  to  the  bromide,  and  must  be 
converted  into  the  latter.  If  we  compare  the  formula  of  the  bromide, 
KBr,  with  that  of  the  bromate,  KBrOs,  we  find  the  latter  differs  from  the^ 
former  only  by  having  oxygen.  This  oxygen  must  be  removed,  and  thi^ 
is  accomplished  by  the  process  of  reduction,  the  reducing  agent  employed 
being  carbon  or  charcoal,  just  as  in  the  manufacture  of  sidphurous  acid, 
the  reaction  being  as  follows: 

KBrOs     +     C,     «     KBr     +     3C0. 

Potassium  bromide  is  used  as  a  sedative  and  nervine,  and  is  frequently 
administered  in  combination  with  chloral. 
Dose. — 1  granmie  (15  grains). 

Sal  Potassii  Bromidi  Sffervescens  (N.F.)  contains  16.6  per  cent,  of  potassium 
bromide,  combined  with  sodium  bicarbonate  and  with  citric  and  tartaric  acids  and 
mad^  into  an  effervescent  salt. 

Sal  Potassii  Bromidi  Effenrescens  Comfjoflitus  (N.F.)  is  a  similar  effervescent  salt 
containing  8.3  per  cent,  of  potassium  bromide  combined  with  caffeine  (0.8  per  cent.) 
lithium  carbonate,  sodium  oicarbonate,  citric  and  tartaric  acids. 

POTASSn  CARBONAS— Potfissium  Carbonate 
(Pot.  Carb.— Salt  of  Tartar) 

It  contains,  when  dried  to  constant  weight  at  ISO^'C,  not  less  than  99  per  cent, 
of  KsCOa  (138.20).  It  contains  not  more  than  15  per  cent,  of  moisture.  Preserve 
it  m  air-tight  containers. 

Svmmapzed  DescripUon. — 

White  granular  deliquescent  powder;  soluble  in  0.9  part  of  water;  insoluble  in 
alcohol.    For  details  see  U.S.P.,  p.  334. 

For  teste  for  identiiy,  for  impvrities  (earthy  matter,  heavy  metals)  and  for  assay 
see  U.8.P.,  p.  334  and  also  Part  V  of  this  book. 

Remarks. — Potassium  carbonate  is  known  by  several  synonyms, 
among  others,  salt  of  tartar.  It  is  called  this  because  it  can  be  made  by 
heating  cream  of  tartar,  the  reaction  being : 

2KHC4H4O6  +  50i  =  K,CO,  +  7C0,  +  6H,0. 

The  other  synonyms  are  pearl-ash  and  salt  of  wormwood,  the  latter  name 
being  derived  from  the  fact  that  a  variety  of  potassium  carbonate,  which 
was  well  esteemed  some  centuries  ago,  was  made  from  the  ashes  of 
wormwood. 

As  already  mentioned  (p.  407),  potassium  carbonate  is  one  of  the 
chief  sources  of  the  element,  and  large  quantities  of  the  crude  salt  are 
obtained  from  suint  and  from  ashes.  At  the  same  time,  however,  con- 
aderable  is  manufactured  by  the  same  process  used  in  sodium  carbonate, 
and  this  process  will  be  considered  imder  making  sodium  carbonate  (p. 
432). 

Potassimn  carbonate  is  a  white,  granular  powder;  it  is  very  deliques- 
cent, and  hence  should,  like  potassium  acetate,  be  kept  in  well-stoppered 
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bottles.  It  is  used  as  an  antacid,  although  its  action  is  rather  too  irritat- 
ing for  general  use,  sodium  bicarbonate  being  preferred.  Taken  in 
large  quantities  it  has  caustic  action,  and  as  an  antidote,  a  mild  acid 
should  be  used. 

Dase.-^l  gramme  (15  grains). 

Potassium  carbonate  is  used  considerably  in  some  sections  as  an  alkaline  hair- 
wash,  the  object  being  to  prevent  blond  hair  from  turning  dark. 

For  this  purpose  it  is  of  little  value,  and  is,  moreover,  decidedly  detrimental  to 
the  health  of  the  hair. 

POTASSn  CHLORAS— Potassium  Chlorate 

(Pot.  Chloras) 

It  contains  not  less  than  09  per  cent,  of  KClOs  (122.56).  Preserve  it  in  well- 
closed  containers.  GrecU  caution  should  he  observed  in  handling  it,  as  dangerous  ex- 
plosions are  liable  to  occur  when  it  is  heated  or  subjected  to  concussion  or  trituration 
with  organic  substances  (cork,  tannic  acid,  dust,  sugar,  etc.),  or  with  sulphur,  sul- 
phides, hypophosphites  or  other  easily  oxioizable  substances. 

Summarized  Description. 

Colorless  monoclinic  prisms  or  plates  or  white  granular  powder;  soluble  in  about 
16  parts  of  water  (see  below);  insoluble  in  alcohol.    For  details  see  U.S.P^  p.  335. 

For  tests  for  identity,  for  impurities  (heavy  metals)  and  for  assay  see  U.S.F.,  p.  335 
and  also  Part  V  of  this  book. 

Remarks. — The  formula  of  potassium  chlorate  is  KClOs,  from  chloric 
acid,  HCIO3,  from  chloric  oxide,  CUOb,  the  graphic  formula  which  was 
given  on  p.  351. 

The  formula  of  potassium  chlorate,  KClOj,  is  analogous  to  KBrOj, 
potassium  bromate,  and  the  chlorate  can  be  made  by  passing  chlorine 
into  potassium  hydroxide  by  a  reaction  similar  to  that  occurring  in  the 
manufacture  of  potassium  bromide: 

6K0H     +     6C1     =     5KC1     +     KClOa     +     3H,0. 

But  by  this  method,  from  six  molecules  of  potassium  hydroxide  only 
one  molecule  of  potassiiim  chlorate  is  obtained,  the  remaining  five  atoms 
of  potassium  going  to  waste  as  potassium  chloride,  and  a  better  method 
of  manufacture  is  from  chlorinated  lime.  This  body,  on  being  boiled 
with  water,  decomposes  into  calcium  chloride  and  calcium  chlorate  by 
the  following  reaction: 

3Ca(OCl),     +     heat     «     Ca(ClOa),     -f     2CaCl2. 

The  calcium  chlorate  solution  is  then  treated  with  potassium  chloride, 
when  the  following  reaction  occurs: 

Ca(C10,),     +     2KC1     -     CaCl,     +     2KC10,. 

The  resulting  calcium  chloride  is  very  soluble  in  water,  and  remains  in 
solution,  while  the  sparingly  soluble  potassium  chlorate  crystaUizes  out. 

Potassium  chlorate  is  now  largely  made  by  electrolysis. 

The  solubility  of  potassium  chlorate  is  worth  more  than  passing 
notice.  The  present  pharmacopoeia  states  that  1  gramme  will  dissolve  in 
11.5  mils  of  water  at  25*'C.;  U.S.P.  VIII  stated  that  the  salt  was  soluble 
in  16  parts  of  water  at  25**C. ;  while  U.S.P.  1890  stated  that  it  was  soluble 
in  16.7  parts  of  water  at  15®C.  It  is  the  custom  of  many  drug-stores  to 
keep  on  hand  a  stock  solution  of  potassium  chlorate  which  is  labeled  a 
half -drachm  to  the  fluidounce.    If  by  half-drachm  30  grains  is  intended. 
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such  a  solution  is  impossible  at  ordinary  temperatures,  inasmuch  as  only 
27  grains  of  the  salt  will  dissolve  in  an  ounce  of  cold  water.  Nor  is  it 
wise  for  the  operator  to  try  to  coax  the  remaining  potassium  chlorate  to 
go  into  solution  by  warming  the  mixture.  A  solution  will  ensue,  but 
on  cooling  the  excess  wUl  surely  separate  out.  Physicians,  not  aware 
of  the  exact  solubiUty,  sometimes  prescribe  30  grains  of  potassium 
chlorate  to  the  ounce  of  solution,  and  intend  same  for  gargle.  If 
this  prescription  is  dispensed  with  the  excess  of  the  salt  remaining  in  the 
mixture,  the  undissolved  salt  will  act  as  irritant  to  the  inflamed  mucous 
membrane  which  it  is  intended  to  relieve.  Hence  the  careful  pharmacist 
always  dispenses  a  clear,  filtered  solution  of  potassium  chlorate  when 
intended  for  gargle. 

Potassium  chlorate  is  a  powerful  oxidizing  agent,  and  for  this  reason 
combines  with  many  easily  oxidizable  substances,  such  as  sulphur, 
antimony  sulphide,  phosphorus,  starch,  sugar,  so  energetically  as  to 
produce  explosions;  hence  the  pharmacopoeial  warning  that  this  salt 
should  not  be  triturated  with  any  of  the  above  substances.  When 
called  upon  to  mix  such  substances  as  potassium  chlorate  and  sugar, 
they  should  first  be  powdered  separately  and  then  mixed  together  with  a 
bone  spatula  on  a  piece  of  paper. 

Potassimn  chlorate  is  a  mild  antiseptic,  this  property  being  due  to  its 
oiddLzing  action.  Its  chief  appUcation  for  this  purpose  is  in  cases  of 
sore  throat,  for  which  it  is  much  esteemed.  Its  indiscriminate  use,  how- 
ever, for  this  purpose,  especially  in  the  form  of  lozenges  and  compressed 
tablets,  is  not  advisable,  for  investigation  shows  that  it  has  an  irritating 
action  on  the  bladder,  and  therefore  should  not  be  swallowed  in  large 
quantities.     It  is  now  being  used  in  tooth  pastes. 

Dose, — 250  milligrammes  (4  grains). 

POTASSn  CITRAS— Potassium  Citrate 

(Pot.  Cit.) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid, 
not  less  than  99  per  cent,  of  crystallized  KjCsHjOt-I-HjO  (324.36).  Preserve  it  in 
w^dl-closed  containers. 

'^t^mmarized  Description. 

Transparent  prismatic  crystals  or  white  granular  powder;  somewhat  deliquescent; 
Soluble  in  0.6  part  of  water;  almost  insoluble  in  alcohol.  For  details  see  U.S. P., 
P-  336. 

For  tests  for  identity f  for  impurities  (heavy  metals,  arsenic  acid,  tartrate)  and  ^r 
n-*<9ay  see  U.S.P.,  p.  336  and  also  Part  V  of  this  book. 

Remarks. — This  salt  is  made  by  treatment  of  potassium  bicarbonate 
w-^th  citric  acid,  as  shown  in  the  following  equation: 

3KHC0,     4-     H,CeH,07      =     KsCeHsOr     +     300,     +     3H,0. 

k£  mentioned  above,  the  bicarbonate  is  used  in  preference  to  the  carbon- 
ates in  the  manufacture  of  most  of  the  potassium  salts,  and  in  this  case 
the  bicarbonate  is  absolutely  necessary,  the  citrate  made  from  the  carbon- 
ate bring  quite  unsatisfactory. 

.  The  potassium  citrate  occurs  in  transparent  prismatic  crystals  or 
in  white  granular  powd6r,  both  forms  being  rather  deliquescent.  It  is 
^J8«d  aa  a  refrigerant. 

Dose.—l  gramme  (15  grains). 

27 
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POTASSn  CITRAS  EFFERVESCENS— Effervescent  Potassium  Citrate 

(Pot.  Cit.  Eff.) 

Condensed  Recipe. 

Ingrediente. — Potassium  citrate,  200  Gm.;  sodium  bicarbonate,  477  Gm.;  tartaric 
acicL  252  Gm.;  uneflSoresced  citric  acid,  162  Gm. 

ManivulaUon. — ^After  drying  the  citrate  on  a  water-bath  mix  it  with  the  acids  and 
then  witn  the  bicarbonate.  Granulate  the  mixture  by  heating  to  between  93®  and 
104^0.  on  glass  plates  in  an  oven  and  when  sof^  rub  the  mass  through  coarse  No.  6 
sieve.    Then  dry  and  seal  in  tight  containers.    For  details  see  U.S.P.,  p.  336. 

Bemarka. — The  granular  effervescent  salts  have  been  considered  on  p. 
152,  so  here  it  suffices  to  say  that  this  preparation  is  supposed  to  contain 
acids  and  the  potassium  bicarbonate  in  uncombined  form,  but  that  when 
mixed  with  water,  these  two  chemicals  combine,  with  liberation  of  carbon 
dioxide  gas  and  copious  effervescence,  making  the  mixture  more  palatable. 

Do8e. — 4  grammes  (60  grains). 


LIQUOR  POTASSn  CITRATIS— Solution  of  Potassium  Citiate 

(Liq.  Pot.  Cit) 

An  aaueous  solution  containing  not  less  than  8  per  cent^  of  KsCtHtO?  (306.34), 
with  small  amounts  of  citric  and  carbonic  acids. 

Condensed  Recipe. 

DiEHolve  8  Gm.  potassium  bicarbonate  in  40  mils  of  distilled  water,  filter  and  wash 
filter  with  enough  water  to  make  60  mils.  likewise  dissolve  6  Gm.  citric  acid  in 
enough  water  to  make  50  mils.    In  dispensing  mix  the  two  solutions  and  bottle. 

Summarized  Description, 

Clear,  colorless  liquid;  odorless;  mildly  saline  taste.  For  details  see  U.S. P., 
p.  262. 

For  tests  for  idenlUy,  for  immarUieSy  see  potassium  citrate.  For  assay  see  U.S. P., 
p.  262  and  suso  Part  Y  of  this  oook. 

Remarha. — This  preparation  is  made  by  dissolving  separate  solutions 
of  potassium  bicarbonate  and  citric  acid,  the  quantity  of  the  chemicals 
in  each  being  so  adjusted  that  when  eqiial  volumes  of  the  two  solutions 
are  mixed,  slightly  acidulated  potassium  citrate  will  result.  It  is  assumed 
that  the  pharmacist  will  not  blend  the  two  solutions  until  an  order  for  the 
finished  solution  is  received,  and  in  this  way  the  solution  will  be  dispensed 
with  sufficient  effervescence  remaining  to  make  the  liquid  more  palatable. 
The  exact  amount  of  ''sparkle"  is  a  matter  of  pharmaceutic  judgment, 
for  if  the  mixed  liquid  is  quickly  poured  into  a  bottle  and  is  tightly  corked, 
there  is  danger  of  sufficient  gas  b^ing  evolved  to  cause  an  explosion  of  the 
flask  in  the  hands  of  the  purchaser. 

The  pharmacopoeia  of  1890  gave  as  a  s^onym  of  this  solution 
mistura  potaasii  dtratis,  because  this  preparation  is  intended  to  replace 
the  mixture  of  potassium  citrate  (neutral  mixture)  of  the  pharmacopoeia  of 
1880.  The  product  of  1880  was  much  more  paJatable  than  the  present 
official  solution,  because  instead  of  citric  acid,  fresh  lemon-juice  was 
employed. 

Potassium  citrate  is  a  mild  refrigerant,  and  when  dispensed  in  the 
effervescent  form,  constitutes  a  refreshing  draft  for  fever  patients. 

A  modification  of  the  preparation  quite  popular  in  French  countries  is  potion 
de  Rwiere.  The  French  Codex  directs  that  tms  oe  made  by  preparing  two  solutions, 
one  consisting  of  citric  acid.  2  parts;  water,  60  parts;  syrup  of  lemon,  15  parts;  the  other 
consisting  of  sodium  bicaroonate,  2  parts;  water,  50  parts;  syrup,  16  parts;  dispensing 
the  two  solutions  in  separate  bottles,  with  directions  to  patient  to  mix  equal  parts 
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ftnd  drink  whfle  effervescing.     A  similar  recipe  is  found  in  the  National  Formulary. 
(See  p.  192.)    The  original  potion  de  Riviere  was  a  solution  of  potassium  citrate. 

Dose. — Of  official  solution:' 15  mils  (4  fluidrachms). 

Potassii  Cyanidom  (U.S.P.VIII)y  or  potassium  cyanide  is  made  by  heating  potassium 
ferroc^'anide  with  potassium  carbonate  in  a  red-hot  crucible,  when  the  following 
reaction  ensues: 

K4Fe(Cn).     +     K.CO,     =     5KCN     +     KOCN     +     CO,     +     Fe. 

It  will  be  seen  from  this  reaction  that  the  product  will  be  contaminated  with 
potassium  cyanate,  KOCN  (p.  674).  If  a  perfectly  pure  product  is  desired,  it  is 
made  by  passing  hydrocyanic  acid  gas  into  an  alcoholic  solution  of  potassium 
hydroxide. 

^  Potassium  cyanide  is  now  beine  made  by  an  electric  process.  The  demand  for 
this  chemical  has  greatly  increased  in  late  years,  it  being  very  largely  used  in  met- 
allurgic  processes,  the  extraction  of  gold  and  silver  from  ores,  etc. 

Potassium  cyanide  occurs  in  wnite,  irregular  lumps,  or  as  a  white,  granular 
powder,  usually  exhaling  the  odor  of  hydrocyanic  acid,  thoush  odorless  when  per- 
fectly dry.  It  is  rather  deliquescent,  and  therefore  should  be Tcept  in  wellnstoppered 
bottles. 

Great  care  should  be  taken  in  handling  potassium  cyanide,  since  it  is  a  deadly 
poison. 

When  boiled  with  water,  potassium  cyanide  splits  up  into  potassium  formate  (p. 
586)  and  anunonia,  as  shown  m  the  foUowing  equations 

KCN     +    2H,0     =     KCHO,     +     NH,. 

For  this  reason  solutions  of  the  cvanide  should  never  be  heated. 

In  medicine,  potassium  cyanide  affords  a  convenient  way  of  obtaining  the  medicinal 
action  of  hydrocyanic  acid,  and  a  prescription  calling  for  potassium  cyanide  and  citric 
acid  was  formerly  considerably  used. 

Dose. — 10  milligrammes  (J^  grain). 

Potassii  Dichromas  (XJ.S.P.  VIII)  or  poUissium  dichromate,  is  an  interestins 
chemical  inasmuch  as  it  contains  no  hydrogen  whatever,  and  in  this  case  the  rule  laid 
down,  that  an  acid  salt  is  one  in  which  all  the  hydrogen  of  the  acid  is  not  replaced  by 
a  metal,  fails  utterly.  It  is  just  such  exceptions  and  variations  in  the  nomenclature 
of  chemistrv  that  make  its  study  difficult. 

Let  us  oissect  this  compound,  potassium  dichromate.  KsCriOr.  Its  sister  com- 
pound is  potassium  chromate,  KtCr04»  which  is  derived  irom  chromic  acid,  HsCrOi, 
which  comes  from  chromic  oxide,  CrOs,  a  body  analogous  to  SOs. 

Potassium  chromate KsCr04 

Plus  chromic  oxide u CrOs 

Gives  potassium  dichromate KiCtsO? 

This  compound  is  made  from  chromic  iron  ore,  a  mineral  fQrmerly  mined  in  con- 
siderable quantities  in  Pennsylvania  and  Maryland, -but  now  practically  all  imported 
from  Europe.  This  ore  is  roasted  with  potassium  carbonate  and  lime  in  presence  of 
air,  when  the  potassium  chromate  is  formed  by  the  following  reaction: 
2FeOCr20,  +  CaO  +  3K,C0i  +  70  (from  air)  =3K,Cr04  +  CaCrO*  +  Fe,0,  +  3C0i. 
This  potassitun  chromate  is  then  converted  into  potassium  dichromate  by  treatment 
with  sulphuric  acid,  as  shown  in  the  following  equation : 

2K,Cr04     +     HaSO*     =     K,Cr,07     +     K,SO«     +     H,0. 

*' 

The  calcium  chromate  of  the  first  reaction  is  treated  with  potassium  sulphate, 
and  is  thus  converted  into  potassium  chromate,  which  is  changed  to  dichromate  by 
use  of  sulphuric  acid. 

Dichromate  of  potassium  occurs  in  orange-yellow  or^ptals,  which  are  soluble  in 
9  parts  of  water  and  in  1^  parts  of  boilins  water.  Its  chief  use  in  pharmacy  is  as  an 
oxidizing  agent^  for  when  treated  with  sulphuric  acid  it  splits  into  chromic  acid,  one 
of  the  best  oxidizing  agents.  It  will  be  recalled  that  the  oxidizing  action  of  the  dichro- 
mate mixture  was  sugsested  as  a  way  of  cleaning  mortars.  (See  p.  116.)  The 
dichromate  mixture  is luso  used  as  a  battery  fluid.  It  is  rarely  used  m  medicine;  if 
so,  it  is  employed  as  a  remedy  in  syphilis. 
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If  an  excessive  dose  is  taken,  the  antidote  would  be  a  mild  alkali,  such  as  soap, 
magnesia,  or  chalk. 

Dose, — 10  milligrammes  (J^  grain). 

POTASSII  ET  SODn  TARTRAS— Potassium  and  Sodium  Tartrate 

(Pot  et  Sod.  Tart— Rochelle  Salt) 

It  cont&ins  not  less  than  73.72  per  cent,  nor  more  than  77.39  per  cent,  of  anhydrous 
potassium  and  sodium  tartrate,  corresponding  to  not  less  than  09  per  cent,  of  the  cry- 
stalli2ed  salt  [KNaC4H40<  +  4HsO  —  282.20].    Preserve  it  in  well-closed  containers. 

Summarized  Deacripiian. 

Ck>lorless  rhombic  prisms  or  white  powder;  somewhat  efflorescent;  soluble  in  0.9 
mil  of  water;  almost  insoluble  in  alcohol.    For  details  see  U.S.P.,  p.  337. 

For  testa  for  identity j  for  impurities  (heavy  metals,  ammonia,  lead)  and  for  assay 
see  U.S.P.,  p.  337  and  also  Part  V  of  this  book. 

Remarks. — This  compound  is  interesting  as  one  of  the  two  official 
double  salts  of  tartaric  acid,  the  other  being  tartar  emetic.  (See  p.  530.) 
It  is  made  by  treating  potassium  bitartrate  with  sodium  bicarbonate, 
when  the  following  reaction  will  occur: 

KHC4H4O6  +  NaHCO,  =  KNaC4H406  +  CO2  +  H2O. 

The  chemistry  of  this  body  can  be  discussed  when  tTie  composition  of 
the  acid  from  which  it  is  derived  is  noticed;  hence  it  is  reserved  until 
later  (p.  604). 

Sodium  and  potassium  tartrate  {Rochelle  saUj  sal  Seignette  or  sal 
polychresticum)  is  used  as  a  mild  laxative  and  refrigerant.  It  is  one  of 
the  constituents  of  official  Seidlitz  powder. 

Dose. — 10  grammes  (23^  drachms). 

PoUssii  Ferrocyanidum  fU.S.P.  VIII)  K4Fe(CN)e  +  3H|0  is  interesting  as  the 
source  of  cyanides.  It  is  made  from  a  mixture  of  nitrogenous  animal  matter,  pearl-ash 
(potassium  carbonate),  and  scrap-iron,  all  being  heated  together  in  an  iron  i>ot. 

Details  of  the  manufacture  of  this  substance  will  be  studied  when  we  consider  the 
cyanogen  preparations.     (See  p.  674.) 

Potassmm  ferrocyanide  is  rarely  used  in  medicine.  When  pure,  it  is  not  poisonous 
despite  the  presence  of  the  cyanogen  group.  A  solution  of  potassitmi  ferrocyanide, 
we  will  find  later,  is  used  in  testing  iron  (p.  501). 

Dose. — 6(X)  milligranunes  {7}4  grains). 

Under  this  head  mention  might  be  made  of  potassium  ferricyanidef  KtFe(CN)». 
which  is  used  in  testing  for  iron  in  the  ferrous  form  (p.  501).  The  chemistry  ot 
both  of  these  bodies  is  difficult  and  will  be  left  to  be  discussed  under  the  Cyanogen 
Compounds. 

POTASSn  HYPOPHOSPfflS— Potassium  HypophospUte 

(Pot  Hypophos.) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid, 
not  less  than  98  per  cent,  of  KPHjOs  (104.16).  Preserve  it  in  well-closea  containers 
in  a  dry  place.  Caution  should  be  observed  in  dispensing  Potassium  Hypophosphite, 
as  an  explosion  is  liable  to  occur  when  it  is  triturated  or  heated  with  nitrates,  chlorates, 
or  other  oxidizing  agents. 

Summarized  Descrivtion. 

White  opaque  nexagonal  plates,  crystalline  masses,  or  granular  powder;  very 
deliquescent:  soluble  in  0.6  part  of  water  and  in  about  7.3  parts  of  alcohol.  For 
details  see  U.S. P..  p.  330. 

For  tests  for  identity ^  for  impurities  (phosphates,  arsenic)  and  for  assay  see  U.S.P., 
p.  339  and  also  Part  V  of  this  book. 
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Remarks. — This  salt  is  made  by  treating  calcium  hypophosphite 
rith  potassium  carbonate,  as  shown  in  the  following  equation: 

Ca(PH202)2  +  K2CO3  =  2KPH2O2  +  CaCOa. 

Solution  of  potassium  hypophosphite  is  removed  from  the  insoluble 
jalcium  carbonate  by  filtration.  The  solution  is  then  evaporated  on  a 
vater-bath  with  great  care  imtU  a  granular  mass  results.  The  caution 
u  to  evaporation  is  necessary  in  heating  every  hypophosphite,  as  even 
it  the  temperature  of  the  water-bath  there  is  danger  of  an  explosion, 
due  to  the  formation  of  the  spontaneously  combustible  phosphine,  PH3. 

Potassium  hypophosphite,  in  common  with  all  hypophosphites,  is 
used  largely  as  a  tonic  in  wasting  diseases,  and  is  a  constituent  of  the  syrup 
h>TX)phosphites  (TJ.S.P.).  It  is  now  considered  of  Uttle  value  thera- 
peutically. 

Dose, — 500  milligrammes  (8  grains). 

POTASSn  lODIDUM— Potassium  Iodide 

(Pot.  lod,) 

It  contains,  when  dried  to  constant  weight  at  lOO^C,  not  less  than  99  per  cent,  of 
KI  (166.02).     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Colorless  or  white  cubic  crystals  or  white  granular  powder;  pungent,  saline,  bitter 
taste;  soluble  in  0.7  part  of  water  and  about  17  parts  of  alcohol.  For  details  see  U.S.P. 
p.  340. 

For  tests  for  iderUitVf  for  impwriHes  (iodate,  heavy  metals,  barium,  cyanide, 
thiosulphate,  alkali)  and  for  cissay  see  U.S.P.,  p.  341  and  also  Part  V  of  this  book. 

The  manufacture  of  this  important  chemical  is  similar  to  that  of 
potassium  bromide,  only  the  first  process  is  by  treatment  of  ferric  iodide 
with  potassium  bicarbonate  or  carbonate.  This  is  somewhat  different 
from  the  ferrous  bromide  reaction  in  making  potassium  bromide.  As  in 
the  bromide  process,  iron  is  treated  with  the  halogen  element,  making  the 
ferroiis  iodide  solution;  however,  more  iodine  is  added,  making  the  more  . 
stable  ferric  iodide,  Fels,  and  when  this  is  treated  with  potassium  carbon- 
ate, the  following  reaction  occurs: 

2FeI,    +    3K,COs     +     3H2O     -     6KI     +     3C0,     +     2Fe(0H),. 

The  second  process  is  by  treating  solution  of  potassa  with  iodine,  and 
is  closely  similar  to  that  for  making  potassium  bromide: 

6K0H     +     61     =     SKI     -f     KIOs     -f     3H,0. 

As  in  the  bromide  process,  the  iodate  is  reduced  to  iodide  by  heating 
with  charcoal,  viz. : 

KIO,    +    C,     =    KI     +    3C0. 

Potassium  iodide  occurs  in  colorless,  translucent,  cubic  crystals, 
having  a  faint  iodine  odor,  and  a  saline,  afterward  bitter,  taste.  It  is 
exceedingly  soluble  in  water  (1  part  to  0.7  at  25**C.),  which  renders  possible 
the  preparation  of  the  saturated  solution  of  potassium  iodide,  containing 
456  grjons  of  chemical  in  a  fluidoimce  of  the  finished  solution.  (See  p. 
425.) 

As  mentioned  above,  the  crystals  of  potassium  iodide  should  be  either 
transparent  or  else  translucent.  The  larger  majority  of  the  commercial 
jodide  is  in  white,  opaque  crystals.  These  are  impure,  being  crystallized 
i^m  an  alkaline  medium.    It  is  but  fair  to  the  manufacturer,  however, 
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to  say  that  the  preparation  of  a  neutral  potassium  iodide  is  a  matter 
of  considerable  difficulty,  as  there  is  danger  of  the  separation  of  the  iodine 
tumipg  the  crystals  brownish. 

Potassium  iodide  is  a  most  valuable  alterative.  It  is  a  constituent  of 
compound  solidion  of  iodiney  tincture  of  iodine  and  ointment  of  iodine. 

Dose. — 300  mUligrammes  (5  grains). 

POTASSn  NTTRAS— Potassium  Nitrate 
(Pot.  Nitias  — Saltpetre) 

It  contains,  when  dried  to  constant  weight  at  100°C.,  not  less  than  99  per  cent, 
of  KNOs  (101.11).     Preserve  it  in  well-closed  containers. 

Summarized  DeacrijUion. 

Ck>lorle88  rhombic  prisms  or  white  crystalline  powder;  saline  and  cooling  taste; 
slightly  deliquescent,  soluble  in  about  2.8  parts  of  water  and  about  600  parts  of  alcohol. 
For  details  see  U.S.P.,  p.  341. 

For  testa  for  identity  y  for  impurities  (heavy  metals,  chlorate,  perchlorate)  see  U.S.  P., 
p.  341. 

Remarks. — This  chemical,  commonly  called  saltpetre^  has  been  in 
popular  use  for  centuries.  The  original  method  of  manufacture  was 
interesting;  being  made  by  the  treatment  of  ashes  with  decaying  nitrogen- 
ous matter,  such  as  maniire  and  cattle  urine.  The  mass  was  allowed  to 
stand  under  roughly  constructed  sheds  for  several  months,  being  occa- 
sionally turned  so  as  to  present  new  surfaces  to  the  air.  When  the  fer- 
mentation of  the  mass  is  completed,  it  is  placed  in  crude  percolators  and 
lixiviated  with  water,  whereby  the  finished  potassium  nitrate  is 'separated 
from  the  extraneous  matter. 

Repeated  cryBtaUization  of  this  solution  eventually  results  in  a  pure 
crystalline  nitrate. 

Investigations  of  the  manufacture  o^ saltpeter  on  these  "saltpetre  plantations" 
has  shown  that  the  change  of  the  nitrogenous  matter  to  the  nitrate  is  a  species  of 
fermentation,  being  produced  by  a  peculiar  microscopic  plant  called  nUromonaa. 
This  process  of  saltpetre  manufacture  was  formerly  largely  used,  as  it  yielded  not 
only  all  the  saltpetre  used,  but  also  because  this  potassium  nitrate  was  the  source  of 
nitric  acid  and  sill  the  nitrate. 

At  present,  however,  the  source  of  nitric  acid  is  Chile  saltpetre 
(see  p.  378),  from  which  potassium  nitrate  is  made,  as  shown  in  the 
following  equation: 

NaNO,  +  KCl  =  KNO,  +  NaCl 

the  resulting  salts  being  separated  by  fractional  crystallization.  It  is  also 
made  from  synthetic  sodium  nitrate  by  a  similar  i)rocess.  (See  p.  438.) 
One  of  the  largest  general  uses  of  potassiiun  nitrate  is  in  the  manu- 
facture of  gunpowder,  of  which  the  average  formula  is  potassium  nitrate, 
75  parts;  powdered  charcoal,  15  parts;  and  sulphur,  10  parts,  the  mass 
being  mixed  together,  then  granulated  by  wetting  the  mass,  passing  it 
through  a  sieve,  and  carefully  drying  the  resulting  granules.  Gunpowder 
explodes  by  the  following  reaction: 

2KN0,  +  S  H-  3C  «  K,S  4-  SCO,  +  N,. 

On  examination  of  the  above  equation  it  will  be  seen  that  the  chemical 
action  between  the  three  solids  results  in  the  formation  of  two  gases  and  a 
comparatively  small  amount  of  the  solid  potassiimi  sulphide.  One 
volume  of  gtmpowder  ^ves  280  volumes  of  mixed  gases,  and  on  this 
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property  hinges  the  whole  theory  of  explosion,  which  means  the  sudden 
evolution  of  a  large  volume  of  gas  from  a  comparatively  small  quantity 
of  the  solid  or  liquid. 

In  the  potassium  sulphide  of  the  above  reaction  is  found  an  explana- 
tion of  the  peculiar  odor  of  a  burned  fire-cracker. 

In  medicine,  potassium  nitrate  is  used  largely  as  a  diuretic. 

Dose. — 500  milligrammes  (8  grains). 

Potassium  nitrate  acts  as  an  oxidizing  agent  in  the  explosion  of  gim- 
powder,  and  to  this  oxidizing  action  is  due  the  value  of  potassium  nitrate 
as  an  antiseptic.  Its  use  as  a  preservative  of  meat  and  other  foods  is  too 
well  known  to  require  extended  comment  here. 

POTASSn    PBRMANGANAS— Potassium    Permanganate 

(Pot.  Permang.) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not 
less  than  90  per  cent,  of  KMnOi  (158.03).  Fteserve  it  in  glass-stoppered  bottles. 
Potassium  Permanganate  when  in  solution  or  in  the  dry  condition  must  not  be  brought 
into  contact  with  organic  or  other  readily  oxidizable  substances. 

Summarized  Dencription, 

Slender,  dark  purple,  monoclinio  prisms;  sweet,  then  disagreeable  astringent  taste; 
soluble  in  13.5  parts  ot  water;  decomposed  by  alcohol;  dissociates  on  heatins  into 
oxygen,  potassium  manganate  and  manganese  dioxide.  For  details  see  U.S. P., 
p. '342. 

For  teste  for  iderUiiy  and  for  assay  see  U.S. P.,  p.  342  and  also  Part  V  of  this  book. 

Remarks. — ^Potassium  permanganate  is  now  given  the  formula  KMn04, 
in  preference  to  that  of  the  pharmacopoeia  of  1880,  KtMusOg.  It  repre- 
sents the  highest  known  valence  of  manganese — ^the  valence  vu  — and  is 
an  analogue  of  potassiiun  perchlorate,  KCIO4,  which  comes  from  per- 
chloric oxide,  CI2O7,  the  graphic  formula  of  which  was  given  on  p.  351. 
The  permanganate  is  one  of  the  oxidizing  agents,  the  action  of  which 
is  explained  on  p.  403. 

It  is  made  by  treatment  of  manganese  dioxide  with  potassium  hydrox- 
ide and  potassiiun  chlorate,  this  mixture  yielding  potassium  manganate, 
as  shown  in  the  following  equation: 

3MnO,     +    6K0H     +    KaO,     »     3K,MnO«     +    KQ     -f    3H,0. 

It  will  be  observed  that  potassium  manganate  (KsMnOO  has  a  formula 
similar  to  that  of  potassiimi  sulphate,  in  this  body  the  manganese  acting 
with  the  valence  vi.  When  this  green  potassium  manganate  is  boiled 
with  water,  it  is  converted  into  the  purple  potassium  permanganate,  as 
shown  m  the  following  equation: 

3K,Mn04     +    3H,0     -     2KMn04     +     MnOa     +     4K0H     +     H,0. 

In  modem  technic,  this  last  reaction  is  performed  by  electrolysis. 

The  process  occurs  in  miniature  in  an  important  test  for  manganese, 
which  consists  of  fusing  the  three  constituents  above  given  on  a  piece  of 
platinum  foil  and  then  boiling  in  water.  If  the  fused  mass  is  green  and 
the  resulting  liquid  is  pink,  it  indicates  the  presence  of  manganese. 

By  reason  of  this  change  of  tint,  potassium  permanganate  has  been 
given  the  synonym  of  mineral  chameleon. 

It  win  be  noticed  that  the  products  of  the  final  reaction  consist  of 
some  binoxide  of  manganese  and  also  potassium  hydroxide,  and  in  order 
to  secure  the  permanganate  from  this  mixtiu'e,  it  is  necessary  to  neutralize 
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the  excess  of  potassium  hydroxide  with  sulphuric  acid.  The  solution  of 
permanganate  is  then  filtered  through  asbestos  to  remove  the  precipitated 
manganese  dioxide,  and  the  filtrate  concentrated  until  crystallization 
begins. 

Potassium  permanganate  occurs  in  purple,  monocUnic  crystals,  whicli 
possess  a  blue,  metallic  luster  in  reflected  light.  It  is  soluble  in  13.5  parts 
of  water  and  forms  a  purple-red  solution.  The  pharmacopoeia  gives  a 
warning  that  it  should  never  be  triturated  with  easily  oxidizable  sub- 
stances, while  pills  of  potassium  permanganate  should  not  be  made  with 
ordinary  excipients,  but  with  petroleum  mass  (petrolatum  and  kaoUn). 

The  oxidizing  action  of  potassium  permanganate  in  neutral  solution  is  best  shown 
by  the  following  equation: 

2KMn04     +     H,0     =     2MnOj     +     2K0H     +    O,. 

This,  when  reduced  to  words,  means  that  two  molecules  of  the  permanganate 
yield  three  atoms  of  available  oxygen.  B^  comparison  of  this  with  the  oxidizing 
equation  of  nitric  acid,  given  on  p.  399,  it  is  seen  that  the  process  of  the  two  cases 
is  similar. 

When  permanganate  acts  in  acid  solutioiL  two  molecules  (or  one  molecule  of 
KtMn208  if  that  is  accepted  as  the  formula)  liberate  five  atoms  of  oxygen,  as  shown 
in  the  following  equation : 

2KMn04     +     3H,S04     «     2MnS04     +     K,S04     -f     3H,0     +    O.. 

This  is  the  basis  of  the  use  of  potassium  permanganate  in  volumetric  analysis 
(Part  V). 

Potassium  permanganate  is  one  of  the  most  convenient  oxidizing 
agents  for  use  in  organic  chemistry.  As  already  stated,  nitric  acid  is 
the  oxidizing  agent  generally  used  in  the  ordinary  processes  of  oxidation 
we  meet  in  pharmacy.  The  acid,  however,  acts  too  violently  for  use  in 
many  orgamc  oxidations,  and  for  such  purposes  either  potassimn  per- 
manganate or  chromic  acid  is  employed.  The  only  pharmaceutic  applica- 
tion of  this  use  of  permanganate  is  in  purifying  alcoholic  distillates.  In 
such  cases  it  is  well  to  note  that  the  permanganate  decomposes  with  the 
formation  of  not  only  insoluble  manganese  dioxide,  but  also  potassium 
hydroxide,  which  will  go  into  solution.  Therefore,  before  such  purified 
alcohol  can  be  employed,  it  should  be  redistilled. 

Potassium  permanganate  is  a  valuable  antiseptic  in  medicine,  and  is 
largely  used  in  surgical  practice.  One  advantage  it  possesses  over  the 
ordinary  oxidizing  antiseptics  is  its  comparative  freedom-  from  caustic 
action.  In  practice  it  is  frequently  prescribed  in  the  form  of  Candy  ^s 
fluid,  which  consists  of  128  grains  permanganate  to  one  pint  of  distilled 
water.  It  is  now  largely  used  internally  in  a  solution  1  to  1000  as  an 
antidote  for  organic  poisons. 

Dose. — 65  milligrammes  (1  grain),  preferably  in  a  fine  powder  in 
capsules. 

Potassii  Sulphas  (U.S.P.  VIII;  N.F.  IV)  or  potassium  stdphate,  KsSOi,  is  made  from 
the  ore,  kainUe^  which  has  the  composition  Kts04MgS04MgCl25HtO.  It  is  also  pro- 
duced by  treatmg  either  potassium  nitrate  or  potassium  chloride  with  sulphuric  acid. 
It  is  in  the  form  of  colorless,  transparent,  rhombic  crystals,  soluble  in  9^  parts  of 
water.  It  is  interesting  to  note  that  these  crystals  contain  no  water  of  cr3?Btalliza- 
tion,  thereby  differing  from  the  otherwise  similar  sodium  sulphate,  which  contains 
ten  molecules  of  water  of  crystallization. 

Potassium  sulphate  is  employed  as  a  diuretic  and  refrigerant.  Its  use  is  rather 
limited,  especially  as  the  pharmacopoeia  has  omitted  its  use  in  the  manufacture  of 
Dover's  powder.  The  original  recipe  for  this  pharmaceutic  directed  that  the  ipecac  and 
opium  be  triturated  with  crystallized  potassium  sulphate;  but  in  the  present  pharma- 
copceia  sugar  of  milk  is  substituted  for  this  salt.     (See  p.  293.) 

Dose, — 1  gramme  (15  grains). 
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CHAPTER  XXVI 
SODIUM 

Symbol,  Na.     Atomic  weight,  approximately  23. 

The  symbol  Na  is  an  abbreviation  of  the  words  naJLrium^  this  being 
derived  from  natron,  which  was  from  the  Greek  word  nitron,  which  was 
the  original  name  of  the  carbonate.  Our  English  word  sodium  is  derived 
from  soda,  which  comes  from  the  word  soddsh,  this  hinting  its  preparation 
from  the  ashes  of  "sods,"  or  marine  plants. 

So^um,  like  potassium,  was  isolated  by  Sir  Humphrey  Davy  in  1807 
^y  the  electrolysis  of  the  hydroxide.     (See  p.  408.) 

Occurrence, — The  most  abundant  source  of  sodium  is  common  salt, 
OT  80^\iin  chloride,  this  being  a  constituent  of  sea-water,  but  chiefly 
obtained  in  commerce  either  from  mines  or  by  the  evaporation  of  brine 
from  salt-wells.  Sea-water  is  a  scarcely  available  source  of  sodium 
chloride,  because  therein  are  found  chlorides  of  many  other  elements 
which  are  separated  with  difficulty. 


426  PRINCIPLES   OF   PHARMACY 

Manufacture. — The  element  sodium  is  isolated  by  a  process  qmte 
similar  to  that  by  which  we  obtain  potassium,  viz.,  by  heating  carbonate 
with  coal,  chalk  being  added  as  a  flux.  This  process  is  not  so  dangeroip 
as  is  the  preparation  of  potassium,  inasmuch  as  the  sodium  carbooW 
NaCO,  does  not  solidify  in  the  delivery  tube.     (See  p.  408.) 

Metallic  sodium  is  now  being  made  by  treating  sodium  hydroxide  with 
iron  carbide  at  a  temperature  of  1000  C. 

It  is  also  obtained  by  the  electrolysis  of  sodium  hydroxide  in  the  same 
manner  employed  in  isolating  potassium. 

Properties. — Sodium  is  a  soft,  silvery-white  metal,  resemblinj: 
potassium,  and,  like  it,  is  so  easily  oxidized  that  it  must  be  kept  under 
petroleum.  When  metallic  sodium  and  mercury  are  rubbed  to^elte. 
an  amalgam  results  which,  when  brought  into  contact  with  moisture, 
ignites.  This  mixture  has  been  used  as  a  cigar-Ughter,  but  its  danger 
was  such  that  it  never  became  popular. 

The  characteristic  tests  of  the  element  and  its  salts  are  the  yellow 
color  that  it  communicates  to  a  colorless  flame;  a  white  precipitate  formed 
when  a  solution  of  sodium  salt  is  brought  into  contact  with  a  solution  o! 
P3rroantimoniate  of  potassium. 

The  sodiiim  flame  is  counted  among  the  most  delicate  of  tests,!' 

having  been  estimated  that  — ^^^  ^^^  grain  will  respond  thereto.   By 

65,000,000  *  .  . 

reason  of  its  sensitiveness  the  positive  testing  of  sodium  with  the  flame 
is  difficult,  as  almost  anything  tested  will  give  a  yeUow  flame  by  reason 
of  the  presence  of  minute  traces  of  sodiimi.  Hence  the  chemist  trsins 
his  eye  to  a  rough  estimation  of  the  quantity  shown  by  the  intensity  of 
the  flame,  rather  than  by  the  bare  fact  of  the  presence  of  a  yellow  color. 
The  following  compounds  of  sodium  and  their  preparations  are  official: 

Sodium  hydroxide 90  per  cent,  absolute.    NaOH. 

Solution  of  sodium  hydroxide 4.5    **  **  NaOH. 

Sodium  acetate 99.5    "  "  NaC,H,Of+3H,0. 

Sodium  benzoate 99        "  "  NaCrHiOs. 

Sodium  bicarbonate 99        "  "  NaHCO,. 

Lozenges  of  sodium  bicarbonate (pharmaceutic). 

Sodium  borate 99        "  *'  Na,B40T-MOH/). 

Sodium  bromide ......98.5    "  "  NaBr. 

Monohydrated  sodium  carbonate 99 . 5    "  "  Na2CX)i+Hi0. 

Sodium  chloride 99        "  "  NaQ. 

Physiological  solution  of  sodium   chloride   contains   8.5   Gm.    sodium  chloride  to 
the  liter. 

Sodium  citrate 98  per  cent,  absolute.  NatCtH*Oi+2HiO. 

Sodium  cyanide 95  "  "  NaCN. 

Sodium  glycerophosphate 68  "  "  Nat CtHiPO*. 

Sodium  hypophosphite 98  "  "  Na,PHiOi4-HiO. 

Sodium  ioiCde 99  "  "  Nal. 

Sodium  nitrite 95  "  "  NaNOt. 

Sodium  perborate 80.5  **  absolute.  NaBOj+4HiO. 

Sodium  phenolsulphonate 99  "  "  NaCiH»04S+2HA 

Sodium  phosphate 99  "  "  Na,HP04+12HjQ 

Exsiccated  sodium  phosphate 98  **  "  NaiHPOi- 

Effervescent  sodium  phosphate 20  per  cent,  exsiccated  sodium  pho8pii»»*' 

Sodium  salicylate 99.5  "  absolute.  NaCrHiOi.^^ 

Sodium  sulphate 99  "  "  Na,SO4+10Hf0. 

Exsiccated  sodium  sulphite 90  "  "  NatSOs.      „  ^ 

Sodium  thioeulphate 99  "  "  NatS»Oi+5HiO. 
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We  might  also  add : 


Potassium  and  sodium  tartrate  (considered  among  the  potassium  salts). 
Solution  of  chlorinated  soda  (considered  among  the  chlorine  preparations). 
Sodium  arsenate  (considered  among  the  arsenic  compounds). 
Exsiccated  sodium  arsenate  (considered  among  the  arsenic  compounds). 
Solution  of  sodium  arsenate  (considered  among  the  arsenic  compounds). 
Sodium  benzosulphinide  (considered  among  the  benzoic  acid  derivatives). 
Sodium  cacodylate  (considered  among  the  arseno-organics). 
Sodium  indigotindisulphonate  (considered  among  the  indigo  derivatives). 

■ 

SODn   HYDROXmUM— Sodium  Hydroxide 
(Sod*  Hydros. — Caustic  Soda — Sodium  Hydrate) 

It  contains  not  less  than  90  per  cent,  of  NaOH  (40.01).  Preserve  it  in  well-closed 
containers.    If  bottles  are  used  as  containers  they  must  be  made  of  hard  glass. 

Summarized  Description, 

Dr^i  white  flakes,  fused  masses  or  brittle  sticks;  very  caustic;  deliquescent  in  air, 
absorbing  both  water  and  carbon  dioxide;  soluble  m  about  1  pai^of  water  and  very 
soluble  in  alcohoL     For  details  see  U.S. P.,  p.  390. 

For  teeU  for  identity,  for  impurities  (organic  matter,  potassium,  heavy  metals) 
and  for  assay  see  U.S.P.,  p.  390  and  also  Part  V  of  this  book. 

Remarks, — Soda  is  prepared  by  the  evaporation  of  a  solution  of  soda. 
It  occurs  in  irregular  lumps  or  in  cylindric  sticks,  just  as  does  potassa, 
and  is,  in  fact,  very  similar  to  potassa,  being  decidedly  caustic  and 
possessing  the  same  soapy  taste,  which  is  a  distinguishing  characteristic 
of  the  all^hs.     It  differs  from  potassa,  however,  in  being  less  deliquescent. 

Soda  com  Calce  (N.F.)  is  a  mixture  of  equal  quantities  of  sodiiun  hydroxide 
and  calcium  oxide.     It  is  sometimes  called  London  pctste, 

LIQUOR    SODn    HYDROXIDI— Solution    of    Sodium    Hydroxide 
(Liq.  Sod.  Hydrox. — ^Liquor  8od» — Solution  of  Soda) 

An  aqueous  solution  containing  not  less  than  4.5  per  cent,  of  NaOH  (40.01). 
Preserve  Solution  of  Sodium  Hydroxide  in  bottles  made  of  hard  glass  and  provided 
with  rubber  stoppers  or  with  glass  stoppers  coated  with  petrolatum. 

Condensed  Recipe. 

Dissolve  56  Gmi.  sodium  hydroxide  in  944  Gm.  distilled  water.  For  detailo  see 
U.8.P.  • 

Summarized  Description, 

Clear,  colorless  liquid;  caustic;  stro^y  alkaline;  absorbs  carbon  dioxide  from  the 
ur;  sp.  gr.  1.056.     For  details  see  U.S.PT,  p.  255. 

For  tests  for  identity,  for  impurities  see  sodium  hydroxide.  For  assay  see  U.S.P., 
p.  255  and  also  Part  V  of  this  book. 

Remarks. — Solution  of  soda  is  an  aqueous  solution,  containing  4.5 
per  cent,  of  absolute  NaOH.  It  is  prepared  by  a  process  analogous 
to  that  of  the  manufacture  of  the  solution  of  potassa,  by  treatment 
of  sodium  carbonate  with  calcium  hydroxide,  as  shown  in  the  following 
equation: 

Na,CO,    +    Ca(0H)8     =    2NaOH    +    CaCO,. 

Note  that  the  words  sodium  and  soda  are  not  to  be  used  indiscrimi- 
nately. Sodium  is  an  element,  while  soda  is  the  hydroxide  of  that  element. 
Note  the  absurdity  and  real  danger  of  the  term  "soda-water,"  which 
is  a  solution  of  carbonic  oxide  in  water. 

The  solution  of  soda  is  used  as  an  antacid. 

Dose.— I  mil  (15  minims),  very  largely  diluted. 

A7Uidotes,—{Bee  p.  411.) 
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SODn  ACETAS— Sodium  Acetate 

(Sod.  Acet.) 

It  contains  not  less  than  59.97  per  cent,  nor  more  than  62.96  per  cent,  of  anhydrous 
Sodium  Acetate,  corresponding  to  not  less  than  99.5  per  cent,  of  the  crystallized  salt 
[NaCiHj02-f-3H20«  136.071.     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Colorless,  transparent,  monoclinic  prisms  or  granular  powder;  cooling  saline  taste; 
somewhat  efflorescent;  soluble  in  about  0.8  part  of  water  and  about  15  parts  of  alcohol. 
For  details  see  U.S.P.,  p.  380. 

For  teats  for  identity^  for  imTmrUies  (potassium,  arsenic,  heavy  metals)  and  for 
assay  see  U.S.P.,  p.  380  and  also  Part  V  of  this  book. 

Remarks, — Sodium  acetate,  like  the  potassium  salt,  is  made  from  * 
acetic  acid,  and  the  "stock"  salt  of  the  metal.  It  will  be  remembered 
that  the  stock  salt  of  potassium — ^the  one  usually  employed  in 
the  manufacture  of  ordinary  ssJts  of  that  metal — was  the  bicarbonate, 
the  carbonate  being  inadmissible  by  reason  of  its  indefinite  quality. 
With  sodium  compounds  the  ''stock"  salt  is  the  qad^finatfi}  as  it  is  readily 
crystalline  and  quite  stable  if  kept  in  a  well-corked  bottle.  Its  tend- 
ency is  toward  efflorescence — ^not  d^liquesc£jice — such  is  the  usual  incli- 
nation of  sodium  compounds;  just  as  soda  soap — Castile  soap — grows 
hard  and  dry  on  standing:  wmle  potassa  soap — soft  soap — and  other 
potassium  compounds  are  usually  deliquescent. 

Sodium  acetate  is  made  by  the  action  of  acetic  acid  on  sodium  carbon- 
ate, and  the  latter  salt  is  used  in  the  manufacture  of  most  sodium  com- 
pounds. Let  us  compile  a  list  of  official  sodium  salts  prepared  from  the 
carbonate: 

Sodium  benzoate  from  benzoic  acid  and  sodium  carbonate. 

Sodium  bromide  from  ferrous  bromide  and  sodium  carbonate. 

Sodium  hypophosphite  from  calcium  hypophosphite  and  sodium  carbonate. 

Sodium  iodide  from  ferrous  iodide  and  sodium  carbonate. 

Sodium  phosphate  from  acid  calcium  phosphate  and  sodium  carbonate. 

Sodium  salicylate  from  salicylic  acid  and  sodium  carbonate. 

Sodium  sulphite  from  sulphurous  acid  and  sodium  carbonate. 

Sodium  sulphocarbolate  from  barium  sulphocarbolate  and  sodium  carbonate. 

Solution  of  sodium  silicate  (U.S.  P.  1800)  from  sand  and  sodiufn  carbonate. 

Sodium  arsenate  from  arsenous  acid,  sodium  nitrate;  and  sodium  carbonate. 

The  pharmaceutic  value  of  sodium  carbonate  can  thus  be  seen. 

Sodium  acetate  occurs  in  the  form  of  colorless,  transparent  crystals, 
or  in  a  granular  powder,  and  must  be  kept  in  well^toppered  bottles 
since  it  is  efflorescent  in  warm,  dry  air  and  is  therefore  likely  to  lose  its 
water  of  hydration. 

Dose. — 1  gramme  (15  grains). 

SODn  ARSENAS— Sodium  Arsenate 

SODII  ARSENAS  EXSICCATUS— Exsiccated  Sodium  Arsenate 

These  will  be  considered  among  the  arsenic  compounds  (p.  626). 

SODn  BENZOAS— Sodium  Benzoate 
(Sod.  Benz.) 

It  contains,  when  dried  to  constant  weight  at  110°C.,  not  less  than  99  per  cent, 
of  NaCrHsOi  (144.04).     Preserve  it  in  well-closed  containers. 
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Summarized  Descrtplian. 

White,  amorphous,  granular  or  crystalline  powder;  sweetish  taste;  soluble  in  about 
l.S  parts  of  water  and  about  49  parts  of  alcohol.     For  details  see  U.S. P.,  p.  382. 

For  tests  far  identity,  for  impurities  (heavy  metals)  and  for  assay  see  U.S. P., 
p.  3S2  and  also  Part  V  of  this  book. 

Remarks. — This  salt,  the  manufacture  of  which  is  outlined  above, 
has  come  into  prominence  during  the  past  decade,  because  of  the  contro- 
versy concerning  its  use  as  a  preservative.    Dose, — 1  gramme  (15  grains). 

Sodium  bicarboTKite,  NaHCOs,  will  be  considered  along  with  sodium 
carbonate,  as  the  two  are. so  mutually  dependent  that  they  should  be 
studied  together. 

Sodium  Bisulphis  (U.S.P.  VIII)  or  Sodium  bistdphiie  is  another  of  the  acid  salts 
described  on  p.  362.  Being  a  bisulphite,  it  is  a  derivative  of  sulphurotM  acid,  which 
itself  is  derived  from  sulphurous  oxide.  This  oxide  shows  sulphur  with  the  valence 
IT.  and  its  formula  is  SOt,  as  is  shown  graphically  on  p.  362.  S02+HsO»HtSOs, 
woich  is  sulphurous  acid.  When  all  the  nydrogen  of  smphurous  acid  is  replaced  by 
^am,  we  get  sodium  sulphite.  NazSOs,  but  when  only  one  of  the  hydrogen  atoms 
is  replaced—Hby  one  atom  of  sooium — ^we  get  the  bisulphite,  NaHSOj.^ 

Tins  salt  is  made  by  passing  sulphurous  acid  gas  through  solution  of  sodium 
carbonate  to  saturation.     The  solution  is  then  cooled,  when  the  salt  crystallizes  out. 

Sodium  bisulphite  is  an  imstable  solid,  rapidlv  losing  sulphur  dioxide  and  becoming 
oxidized  to  sulphate.  For  this  reason  it  should  be  kept  in  a  cool  place,  in  small,  well- 
stoppered  bottles,  which  are  to  be  completely  filled.  Sodium  bisulphite  is  used  as  a 
reoucing  agent  in  organic  chemistry,  and  is  particularly  valuable  in  the  bleaching 
industry  for  the  removing  of  the  last  traces  of  chlorine  from  the  bleached  fabric. 
Substances  used  for  this  purpose  are  known  as  arUichlors.  It  is  comparatively  little 
used  in  medicine,  but  when  so  used,  it  is  as  an  antiseptic. 

Dose, — 500  milligrammes  (7J^  grains). 

SODtt  BORAS--Sodium  Borate 
(Sod.  Bor. — ^Borax — Sodium  Tetraborate — Sodium  Pyroborate) 

It  contains  not  loas  than  52.32  per  cent,  nor  more  than  54.92  per  cent,  of  anhvdrous 
sodium  borate  (sodium  biborate  or  tetraborate),  corresponding  to  not  less  than  99 
per  cent,  of  the  crystallized  salt  [Na2B4O7  +  10HjO«382.16].  Preserve  it  in  well- 
closed  containers. 

Summarued  Description. 

Colorless,  monoclinic  prisms  or  white  powderj  sweetish  alkaline  tastej  slightly 
efflorescent;  soluble  in  about  15  parts  of  water  and  m  1.25  parts  of  glycerin;  msoiuble 
in  alcohol :  on  heating  it  melts,  then  forms  a  porous  mass  and  then  fuses  to  a  glassy  mass. 
For  details  see  U.S.P.,  p.  384. 

For  tests  for  identity  J  for  impurities  (carbonates,  bicarbonates,  heavy  metals,  arsenic) 
and  for  assay  see  U.S.?.,  p.  384  and  also  Part  V  of  this  book. 

Sodium  borate — ordinary  borax — ^is  a  valuable  and  interesting  chemical. 
Its  formula,  Na2B407,  seems  most  difficult,  and  contradictory  to  the 
formula  of  boric  acid  aheady  given — HaBOs,  but  investigation  clears  up 
the  matter.  Remember  that  the  valence  of  boron  is  in;  that  boric  acid 
18  a  true. ortho-acid— B(0H)8  or  HsBOs.  True  sodium  borate  has  the 
formula  NajBOs,  and  what  we  call  sodium  borate  is  not  the  true  salt  but 
a  "pyro6or(rf6."  The  Greek  word  for  fire  is  "pyros,"  and  all  chemicals 
bearing  the  prefix  "pyro"  are  bodies  formed  imder  influence  of  high  heat. 
|p  passing,  such  examples  as  "pyroligneous  acid"  (crude  acetic  acid), 
pyrogallic  acid,"  and  "pyrophosphoric  acid"  may  be  cited.  Like  these, 
pyroboric  acid  and  pyroborates  are  made  bv  subjecting  the  mother  sub- 
stance to  heat. 

Let  us  see  what  will  occur  when  boric  acid  is  heated.     It  will,  of  course, 
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like,  all  ortho-acids,  lose  water,  and,  under  proper  conditions,  in  a  most 
peculiar  ratio: 

Taking  4HsB08,  this  carried  out  gives    H1SB4O12 
Let  us  subtract  from  this  5H2O,  Hip    0$ 

We  then  have  left  pyroboric  acid,  Hi  B4O7 

the  sodium  salt  of  which,  NasB407,  is  official  borax,  which  is  a  natural 
product,  being  found  in  certain  lakes  of  Thibet,  Tartary,  and  India.  The 
impure  borax,  obtained  by  spontaneous  evaporation  of  the  waters  of  these 
lakes,  is  called  tincal.  At  the  present  time  practically  all  the  American 
borax  is  obtained  from  the  borax  lakes  found  in  the  Death  Valley  of 
Nevada.  It  is  also  made  by  treating  the  native  boric  acid  of  Tuscany 
with  sodium  carbonate. 

BcNrax  occurs  either  in  colorless,  transparent  prisms  or  in  a  white 
powder,  odorless,  and  having  a  sweetish,  alkaline  taste. 

It  is  soluble  in  15  parts  of  water  and  in  1  part  of  glycerin.  When 
heated,  it  fuses  and  solidifies  into  a  transparent  solid  celled  borax  glass. 
This  borax  glass  is  used  quite  largely  in  analytic  work  under  the  name  of 
borax  bead,  the  chemical  being  fused  on  loop  of  platinum  wire,  therebv 
forming  a  minute  globule  of  borax  glass.  When  this  body  is  melted  with 
certain  metallic  salts,  the  body  is  given  characteristic  colors.     (See  p.  861.) 

Borax  is  one  of  the  most  valuable  of  the  sodium  compounds.  It  is 
used  in  numerous  operations  where  a  mild  alkali  is  indicated,  it  com- 
pletely possessing  the  character  of  an  alkali,  and  yet  acts  in  a  manner 
much  nulder  than  does  either  sodium  carbonate  or  the  bicarbonate.  This 
explains  its  extensive  use  in  cleaning  delicate  fabrics,  such  as  fine  cloth  or 
hair,  where  stronger  alkalis  would  act  disastrously.  It  is  also  a  valuable 
antiseptic,  and  for  such  purposes  it  is  (improperly)  used  as  a  preservative 
for  meats  and  food.  In  medicine  it  is  used  as  a  mild  antiseptic,  chiefly 
externally. 

Dose. — >750  milligrammes  (12  grains). 

Compotind  Solution  of  Sodium  Borate  (N.F.),  or  Dobdl*8  SoliUion,  is  rather  largely 
used  as  a  nasal  douche.     (See  p.  191.) 

SODn  PERBORAS— Sodium  Perborate 

(Sod.  Perbor.) 

It  contains  not  less  than  9  per  cent,  of  available  oj^gen,  corresponding  to  about 
86.5  per  cent,  of  NaB0s+4HtU  (154.06).  Preserve  it  m  well-closed  containers,  in  a 
cool  place. 

Summarized  Description, 

White,  crystalline  granules  or  powder;  saline  taste;  stable  in  dry  air,  but  liberates 
oxygen  in  moist  air;  soluble  in  water;  the  solution  decomposing  into  sodium  meta- 
borate  and  hydroeen  dioxide.     For  details  see  U.S. P.,  p.  394. 

For  teeU  for  identity,  for  impurilies  (heavy  metals)  and  for  assay  see  U.S. P.,  p.  394 
and  also  Part  V  of  this  book. 

Remarks, — This  and  other  perborates  have  come  into  considerable 
use  as  solid  substitutes  for  hydrogen  dioxide.  The  sodium  compound 
can  be  made  by  treating  borax  with  sodium  hydroxide  and  sodium  dioxide. 
For  dusting  {>owder,  where  a  dioxide  is  indicated  the  perborate  is  used,  as 
sodium  peroxide  cannot  be  employed  since  strongly  alkaline. 

Sodium  perborate  is  a  white  f)Owder  sparing  soluble  in  water,  but  form- 
ing a  stable  solution  having  the  action  of  hydrogen  dioxide.  When 
treated  with  diluted  sulphuric  acid,  hydrogen  dioxide  is  evolved. 
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It  is  now  in  considerable  use  as  a  non-irritating  antiseptic. 
Do«6.— 60  milligramnies  (1  grain). 

Sodii  Boro-Benzoas  (N.F.)  ia  a  mixture  of  sodium  borate  and  sodium  benzoate. 

SObn  BROMIDnM--Sodium  Bromide 

(Sod.  BiomO 

*It  contains,  when  dried  to  constant  weight  at  lOO^C,  not  less  than  98.5  per  cent, 
of  NaBr  (102.92).     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Colorless  cubical  crystals  or  white  granular  powder;  saline  taste;  somewhat  hy- 
grosoopic;  soluble  in  about  1.1  parts  of  water  ana  in  about  13  parts  of  alcohol.  For 
details  see  U.S.P..  p.  386. 

For  teste  for  identUyy  for  impuriHes  (alkali,  iodides,  heavy  metals,  bromates,  sul- 
phates, barium)  and  for  assay  see  U.S.  P.,  p.  385  and  sdso  Purt  V  of  this  book. 

Remarks. — This  chemical  is  made  by  methods  analogous  to  those 
employed  in  making  potassium  bromide;  that  is,  by  treatment  of  sodium 
hydroxide  with  bromine,  and  the  subsequent  heating  of  the  mixture  with 
charcoal,  or  by  the  double  decomposition  of  ferrous  bromide  with  sodium 
bicarbonate. 

Sodium  bromide  occurs  in  white,  cubic  crystals  which  are  soluble 
in  1.1  parts  of  water.  While  potassium  bromide  dissolving  in  water 
produces  a  chilled  liquid,  sodium  bromide  and  water  make  a  warm  solu- 
tion. Hemm  claims  that  this  is  due  to  the  hydration  of  sodium  bromide 
in  dissolving.  The  crystals  attract  moisture,  but  do  not  liquefy  therein. 
It  is  used  as  a  mild  sedative,  closely  resembling  potassium  bromide  in 
action. 

Dose, — 1  gramme  (15  grains). 

soon  CARBONAS  MONOHTDRATUS— Monohydiated  Sodium 

Carbonate 

(Sod.  Carb.  Monohyd.) 

It  contains  not  less  than  99.5  per  cent,  of  NajCOs+HjO  (124.02).  Preserve  it  in 
well-closed  containers. 

Summmsed  Description. 

^^te  crystalline  powder;  strongly  alkaline;  efflorescent  in  dry  air  or  at  50**C.; 
BOluble  in  about  3  parts  of  water  and  in  8  parts  of  glycerin;  insoluble  in  alcohol.  For 
detwls  see  U.S.P.,  p.  386. 

For  teste  for  identity,  for  impurities  (heavy  metals)  and  for  assay  see  U.S. P.,  p. 
387  and  also  P&rt  V  of  this  book. 

Remarks. — Sodium  carbonate,  the  next  chemical  demanding  our 
attention,  is,  with  the  sole  exception  of  sulphuric  acid,  the  most  widely 
nsed  manufactured  product  in  the  chemical  world.  To  mention  all  the 
^J^ny  important  industries  in  which  sodium  carbonate  is  a  potent  factor 
would  occupy  too  much  space,  but  chief  among  the  branches  of  trade 
^  which  sodiiun  carbonate  is  essential  are  soap-making  and  glass 
nianufacture. 

In  early  time  the  only  source  of  sodium  carbonate  was  by  evapora- 
tion of  water  from  certain  soda  lakes,  such  as  trona  from  Egypt,  or  from 
toe  crude  salt  obtained  by  lixiviating  the  ashes  of  sea-weeds,  rich  in 
^^»  such  as  barilla  from  Spain.  The  output  from  these  sburces  was 
^ther  limited,  and  as  the  soap  and  glass  industries  became  more  im- 
portant, the  need  for  cheap  sodiiun  carbonate  became  more  and  more 
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imperative,  and,  accordingly,  a  prize  was  oflfered  by  the  Paris  Academy, 
in  1782,  for  the  best  method  of  artificial  production  of  this  valuable  alkali, 
and  the  prize  was  awarded  to  Nicholas  Leblanc.  In  1794  the  French 
government  took  charge  of  his  factory. 

A  most  striking  proof  of  the  value  of  the  process  is  shown  by  the  fact 
that  to  this  day  a  large  amount  of  sodium  carbonate  is  still  manufactured 
by  the  Leblanc  process. 

In  passins;^  it  should  be  mentioned  that  Leblanc's  process,  like  most  other  great 
discoveries,  did  not  originate  solely  with  the  man  whose  name  it  bears.  Duhamel 
in  1736  converted  sodium  chloride  successfully  into  sodium  sulphate,  sodium  sulphide, 
sodium  acetate,  and  lastly  into  sodium  carbonate.  Marggraf,  1759,  shortened  the 
transformation  by  converting  sodium  chloride  into  sodium  sulphate,  then  into  sodium 
nitrate,  and  this,  by  strong  heat,  into  the  oxide  which,  on  standing,  absorbed  enough 
carbon  dioxide  from  the  air  to  cnan^e  into  carbonate. 

It  is  even  said  that  the  last  portion  of  the  Leblanc  process  (use  of  coal  and  lime- 
stone) was  suggested  to  him  by  De  la  Mitherie,  but  be  this  as  it  may,  it  was  Lebbmc 
who  established  the  first  factory  for  the  manufacture  of  sodium  carbonate,  and  to  him 
the  real  credit  is  due. 

Leblanc  chose  as  the  sodium  compoimd  on  which  to  begin  operations 
that  which  was  most  widely  distributed;  that  body  which  was  found  both 
on  land  and  in  the  sea — ggdiuiiLJjhlQryie  or  common  salt.  This  is  the 
cheapest  sodium  compoimd,  and  the  only  reason  it  is  not  used  as  the 
"stock  salt"  in  chemical  manufacturing — ^in  making  other  sodium  salts 
— ^is  because  of  the  difficulty  with  which  it  decomposes,  there  being  very 
few  acids  which  can  break  it  up.  Among  these  is  sulphuric  acid,  the 
reaction  being  2JiaCl  +  H2SO4  =  NajSO*  +  2HC1.  Note  that  hydro- 
chloric acid,  HCl,  is  a  side  product  in  the  process.  In  England,  when  the 
manufacture  was  first  begun,  the  acid  was  allowed  to  escape  with  the 
air  through  tall  chimneys,  with  most  terrible  results — ^as  the  vapor 
mingled  with  the  aqueous  vapor  and  fell  with  the  latter  as  rain,  destroy- 
ing vegetation  and  ruining  health.  So  great  was  the  damage  that 
stringent  laws  were  enacted  prohibiting  the  discharge  of  the  acid 
vapor.  Thereupon  the  manufacturers  took  to  condensing  the  vapors 
and  disposing  of  the  hydrochloric  acid,  and  by  curious  change  of  times, 
at  present,  the  keen  competition  has  so  lessened  the  price  of  sodium  car- 
bonate that  the  manufacturers  gain  much  of  their  profit  from  the  sale 
of  the  acid. 

But  to  return  to  the  process,  which  we  have  only  followed  to  the 
formation  of  sodium  sulphate,  and  which  seems  as  far  off  as  was  the 
chloride,  Leblanc's  genius  solved  the  problem  of  conversion.  He  realized 
that  while  the  sulphate  was  a  very  stable  body,  the  sulphide  was  quite 
weak — could  be  replaced  even  by  the  COs  group. 

The  changing  of  the  sulphate,  Na2S04,  to  the  sulphide,  Na2S,  is 
very  simple.  It  is  merely  a  process  of  reduction,  and  is  performed  by 
the  reducing  agent  we  used  in  the  manufacture  of  sulphurous  acid — 
the  element  carbon,  usually  in  the  form  of  common  coal.  The  reaction 
is  as  follows: 

Na2S04     +     Cj     =     2C0j     +     NazS. 

Having  converted  the  strong  sulphate  into  the  easily  dissociated  sul- 
phide, the  next  step  is  to  bring  about  a  double  decomposition  between 
this  sulphide  and  some  cheap  carbonate.  The  carbonate  best  answering 
this  requirement  is  the  calcium  salt,  which  is  abundantly  found  as  marble, 
limestone,  chalk,  and  oyster  shells.  This  salt  is  accordingly  employed, 
and  the  reaction  is: 

NasS     +     CaCOa     =     NajCOa     +     CaS. 
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In  practice,  the  sulphate  is  heated  with  coal  and  limestone  at  the 
same  time,  hence  the  two  actions  nm  simultaneously. 

The  next  process  we  have  to  consider  is  that  which  leads  to  the  sodium 
bicarbonate  instead  of  to  the  carbonate.  This  is  the  Solvay  proceaSf 
and  is  one  of  the  most  clear-cut  processes  we  meet  in  chemistry,  as  both 
reaction  products  are  valuable,  and  there  is  little  waste-product.  It  is 
also  called  the  ''ammonia  soda  process,"  after  the  constituents  employed. 

Like  Leblanc's  process,  it  starts  off  with  that  most  abundant  source 
of  sodium,  the  chloride. 

A  solution  of  Bait  is  placed  in  a  tin-lined  vat  and  is  saturated  with 
ammonia  gas.  This  liquid,  on  cooling,  is  pumped  into  a  second  vat, 
where  it  absorbs  carbon  dioxide  gas  and  forms  sodium  bicarbonate  and 
ammonium  chloride  by  the  following  reaction: 

Naa     +     NHa     +     H,0     +     CO,     =     NaHCOs     +     NH4a. 

The  process  is  comparatively  modern,  and  is  even  now  replacing  the 
Leblanc  process,  as  it  is  less  wasteful  and  yields  a  finer  and  more  at- 
tractive product. 

The  third  method  for  obtaining  the  carbonic  acid  compounds  of 
sodium  is  by  the  cryolite  procesSf  which  is  named  from  the  Greenland 
mineral,  which  is  the  stock  salt.  Cryolite  is  a  fluoride  of  aluminum  and 
sodium,  the  formula  of  which  is  not  so  difficult  if  one  only  remembers 
that  fluorine  forms  compounds  entirely  analogous  to  the  chlorides,  the 
biomides,  and  the  iodides.  Aluminum  fluoride  is  AlFla,  since  aluminum 
ia  trivalent  and  the  linkage  is  graphically  as  follows: 


Al 


— Fl 
— Fl 
— Fl 


When  written  double,  the  formula  is  AI2FU.  Sodium  fluoride  is  NaFl — 
exactly  analogous  to  NaCl.  The  proportions  in  which  these  two  fluorides 
combine  are  six  molecules  of  NaFl  to  one  of  Al2Fl«. 

The  method  of  manufacture  of  the  sodium  from  cryolite  has  not 
the  extended  use  that  Leblanc's  and  Solvay 's  processes  enjoy,  it  being 
practically  a  monopoly  of  one  corporation. 

Cryolite  is  first  heated  with  limestone,  and  is  thus  converted  into 
sodium  aluminate  and  calcium  fluoride,  as  shown  in  the  following 
equation: 

AljFleeNaFl    +    6CaC0,     «     Al,(ONa)«     +    6CaFla     +     6C0,. 

The  graphic  formula  of  sodium  aluminate  is  supposed  to  be  as  follows: 


Al 
Al 
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That  is,  aluminum  hydroxide  (p.  490)  with  its  six  atoms  of  hydrogen 
replaced  by  six  atoms  of  sodium. 

It  IS  met  with  in  analytic  chemistry,  one  of  the  tests  for  aluminum 
oeing  that  any  soluble  salt  of  this  metal,  when  treated  with  sodium 
nyoronde,  yields  a  gelatinous  precipitate,  aluminum  hydroxide,  which 
^  soluble  in  an  excess  of  sodium  hydroxide  (p.  490). 
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Some  investigators  now  claim  that  its  formula  is  Al(OH)20Na,  while 
others  claim  it  is  not  a  true  salt  but  a  colloidal  condition. 

In  other  words,  when  an  excess  of  sodium  hydroxide  is  added,  the 
aluminum  hydroxide  combines  with  it  to  form  a  soluble  aluminate  of 
sodium,  just  described.  This  reaction  is  also  employed  in  the  separation 
of  iron  from  aluminum  in  analytic  work. 

Returning  to  our  cryolite  process:  the  aluminate  of  sodium  is  con- 
verted into  sodium  carbonate  by  treatment  with  carbon  dioxide  gas  by 
the  following  reaction: 

Al,(ONa),    +     SCO,     «     SNaaCO,     +     AljO,. 

The  commercial  value  of  this  method  of  manufacturing  sodium  car- 
bonate is  due  not  only  to  the  output  of  sodium  carbonate,  but  also  to 
the  fact  that  the  side-products — ^aluminum  oxide  and  calcium  fluoride — 
are  worked  up  into  the  alums  and  the  fluorine  derivatives  respectively. 

Sodium  carbonate  is  an  antacid,  but  is  not  used  much  internally,  the 
less  irritating  bicarbonate  being  preferred. 

Dose. — ^250  milligrammes  (4  grains). 

Sodii  Carbands  (U.S.?.  1890)  was  the  crystalline  dekahydrated  forrn^  that  is, 
containing  ten  molecules  of  water  of  crystallization — NatCOslOHsO.  This  is  what 
is  familiany  called  washing-sodaj  and  had  the  disadvantage  of  being  very  efflorescent; 
so  much  so  that  the  writer  has  seen  crystals  of  the  salt  lose  water  while  still  in  the 
crystallizing  vat.  This  made  it  a  matter  of  difficulty  to  employ  the  salt  in  work 
involving  molecular  proportions;  hence  in  the  eighth  revision  tne  monohydrated  salt 
was  given  official  recognition.  Because  the  monohydrated  salt  is  both  stable  and 
concentrated^  it  replaced  both  the  crystalline  and  the  exsiccated  carbonate  of  the  old 
pharmacopceia. 

Sodii  Carbanas  Exsiccatua  (U.S. P.  1890). — This  substance  is  made  by  taking 
dekahydrated  sodium  'carbonate  and  exsiccating  it  at  a  temperature  of  about  45^0. 
(115''F.)  until  the  product  has  lost  half  its  weight.  The  object  of  using  the  heat 
of  a  water-bath  is  in  order  to  avoid  the  possible  loss  of  carbon  dioxide.  The  dry 
carbonate  is  used  for  the  same  purpose  as  in  the  dekahydrated,  but  is  about  twice 
the  strength,  and  is  preferable  for  filling  prescriptions  of  pills  and  powders. 

SODn  BICARBONAS— Sodium  Bicarbonate 

(Sod.  Bicarb.) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid, 
not  less  than  99  per  cent,  of  NaHCOs  (84.01;.  Preserve  it  in  well-closed  containers, 
in  a  cool  place. 

Summarized  Description, 

White,  opaque  i>owder:  cooling,  mildlv  alkaline  taste;  soluble  in  about  10  parts 
of  water;  insoluble  in  alconol;  aqueous  solution  loses  carbon  dioxide  on  boiling,  being 
converted  into  the  normal  carbonate.  For  details  see  U.S.  P.,  p.  383.  ror  tests 
for  identity y  for  impurities  (ammonia,  carbonate,  heavy  metals),  and  for  assay  see 
U.S.  P.,  p.  383  and  also  Part  V  of  this  book. 

Remarks. — While  the  commonly  accepted  formula  for  sodium  bicar- 
bonate is  NaHCOa,  that  is,  H2COJ  with  one  atom  of  hydrogen  replaced  by 
one  atom  of  sodium,  Bicher  claims  for  it  the  double  formula  NajHjCCOs)! 
and  expresses  this  by  means  of  an  ingenious  graphic  formula. 

The  process  for  making  this  salt  is  the  Solvay  process  just  described. 
It  can  also  be  made  by  treating  sodium  carbonate  with  carbon  dioxide, 
but  such  a  process  is  no  longer  much  employed. 

Sodium  bicarbonate  usually  occurs  in  the  form  of  a  white,  opaque 
powder,  which  is  soluble  in  10  parts  of  water;  therefore  much  less  soluble 
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than  is  the  carbonate.    Sodium  bicarbonate  is  a  popular  antacid,  being 
comparatively  free  from  irritating  action. 
Dose, — 1  gramme  (15  grains). 

Sodii  (Moras  (U.S. P.  VIII)  NaClOi  is  made  like  potassium  chlorate,  by  treating 
calcium  chlorate  with  sodium  chloride. 

It  can  also  be  made  by  treating  potassium  chlorate  with  sodium  bitartrate  by  the 
following  equation: 

KClOj     +     NaHC4H40.     «     KHC4H40«     +     NaClO,. 

The  potassium  bitartrate  produced  in  the  reaction  precipitates  from  the  solution  as 
it  does  in  the  FothergUl  process  (p.  393). 

Sodium  chlorate  so  closely  resembles  potassium  chlorate  that  extended  comment 
is  unnecessary.  ^  Like  potassium  chlorate,  it  must  be  handled  carefully  in  reference 
to  trituration  with  oxicuzable  bodies,  in  order  to  avoid  an  explosion. 

Its  only  advantage  over  potassium  chlorate  is  that  it  is  more  soluble  in  water, 
1  Dart  of  the  sodium  salt  dissolving  in  1.1  parts  of  water,  while  1  part  of  potassium 
chlorate  requires  16.5  parts  of  water  to  make  a  solution.  Its  uses  are  about  the  same 
as  those  of  potassium  chlorate. 

Dose. — 250  milligrammes  (4  grains). 

SODn  CHLORIDnM— Sodium  CUoride 

(Sod.  CUorid.) 

It  contains,  when  dried  to  constant  weight  at  llO^C,  not  less  than  90  per  cent,  of 
NaCl  (58.46).     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Colorless  cubical  crystals  or  white,  crystalline  powder;  purely  saline  taste;  slightly 
hynt)8co|)ic;  soluble  in  2.8  parts  of  water:  slightly  soluble  in  alcohol;  on  heating, 
it  decrepitate  then  fuses  and  finally  volatilizes.  For  details  see  U.S. P..  p.  387. 
For  tests  for  identUyy  for  impurities  (heavv  metals,  calcium,  magnesium,  oromide, 
iodide),  and  for  assay  see  U.S. P.,  p.  387  and  also  Part  V  of  this  book. 

Sodimn  chloride,  or  common  salt,  is  one  of  the  most  valuable  and 
ancient  of  the  chemicals.  It  is  essential  to  animal  economy,  hence  it 
ha«  been  used  from  the  earliest  days.  As  mentioned  above,  it  is  the 
cbaef  source  of  metallic  sodium  and  of  the  sodium  compounds,  and  is 
found  in  the  native  state  widely  distributed. 

Its  presence  in  sea-water,  salt-wells,  and  salt  mines  has  been  men- 
tio^ned,  so  here  it  is  only  necessary  to  state  that,  among  the  chief  deposits 
d  salt,  are  the  mines  near  Cracow,  in  eastern  Poland;  near  Salzburg, 
"\si  Tyrol;  and  the  Petit  Anse  mines  of  southwest  Louisiana.    In  many 
parts  of  the  world  are  foimd  deposits  of  salt  of  not  sufficient  area  to  justify 
mining.    In  these  cases  shafts  are  sunk  until  the  deposit  is  reached, 
water  poured  in,  and  when  saturated  with  the  salt,  is  pumped  out  and  the 
solution  evaporated.    Such  process  is  now  carried  on  in  Cleveland,  O. 
Another  source  of  salt  is  the  natural  salt  springs  found  in  certain  sec- 
tions of  the  world.    There  are  many  of  these  in  Germany  of  insufficient 
concentration  to  justify  the  use  of  heat  for  complete  evaporation,  and 
m  such  cases  the  major  portion  of  the  water  is  removed  by  the  application 
of  spontaneous  eva{>oration,  explained  on  p.  89. 

NoTTrnd  saline  solution,  which  is  in  some  demand,  is  a  %o  of  1  per 
cent,  solution  of  sodium  chloride.  It  is  presumably  of  the  same  saline 
strength  as  blood-serum,  and  is  used  for  transfusion  operations.  This 
preparation  is  now  official  under  the  name  of  physiological  salt  soliUion, 
(See  p.  188.) 

dose, — As  emetic,  15  grammes  (4  drachms). 
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SODH  CiTRASr— Sodium  Citrate 
(Sod.  Cit) 

It  contains  not  less  than  98  per  cent,  of  NasCeHsOr  +  2HtO  (204.07).  Preserve 
it  in  well-closed  containers. 

Summarized  Description, 

White,  granular  powder;  cooling  saline  taste ;  soluble  in  1.3  parts  of  water ;  insoluble 
in  alcohol;  carbonises  at  red  heat,  leaving  a  residue  of  carbonate.  For  details  see 
U.S. P.,  p.  388. 

For  tests  far  identity ^  for  impurities  (arsenic,  heavy  metals)  and  for  assay  see  U.S.  P., 
p.  388  and  also  Part  V  of  this  book. 

Remarks. — This  official  is  made  by  treating  sodium  carbonate  with 
citric  acid.  ^  It,  like  the  other  alkaline  citrates,  has  the  property  of  hold- 
ing in  solution  such  insoluble  bodies  as  ferric  phosphate  and  magnesium 
carbonate.    It  is  used  as  a  refrigerant. 

Dose. — 1  gramme  (15  grains). 

Liquor  Sodii  Citrotartratis  Effisrvescens  (N.F.)  is  made  by  dissolving  sodium 
bicarbonate  in  a  solution  of  tartaric  and  citric  acids,  the  product  being  flavored  with 
syrup  of  citric  acid .  (See  p .  1 92. )  The  recipe  calls  for  350  mils,  which  is  to  be  dispMensed 
in  effervescent  condition  in  a  stout  bottle.  It  is  used  as  a  purgative,  like  solution  of 
magnesium  citrate. 

SODn  CTAmDUM— Sodium  Cyanide 

(Sod.  Cyanid.) 

It  contains  not  less  than  95  per  cent,  of  NaCN  (49.01):  Preserve  it  in  well-closed 
containers,  protected  from  light. 

Note.— ^Sodium  Cyanide  replaces  Potassium  Cyanide  of  the  U.S. P.  VIII. 

Summarized  Description, 

White,  opaque,  amorphous  pieces  or  white,  granular  powder,  deliquescent  in  moist 
air,  giving  odor  of  hydrocyamc  acid;  freely  soluble  in  water;  extremely  poisonous; 
hanme  with  ffreat  caution.     For  details  see  U.S. P.,  p.  388. 

For  tests  for  identity,  for  impurities  (ferrocyanide,  sulphocyanate)  and  for  assay  see 
U.S.P.,  p.  388  and  also  Part  V  of  this  book. 

Remarks. — ^This  chemical  replaces  in  the  pharmacopoeia,  the  long 
official  potassium  cyanide  (see  p.  419)  and  has  been  introduced  to  partly 
lessen  the  stringency  due  to  shortage  of  potassium  salts  in  this  country. 
Its  manufacture  and  uses  resemble  the  potassium  compound. 

SODn  GLYCEROPHOSPHAS— Sodium  Glycerophosphate 

(Sod.  Glycerophos. — Sodium  Glycerinophosphate) 

Hydrated  Sodium  Glycerophosphate  containing  not  less  than  68  per  cent,  of  the 
anhydrous  salt  [NajCHTPOe  or  C3HB(OH),P04Na,  -  216.101. 

Summarized  Description, 

White,  monoclinic  plates  or  scales  or  white  powder;  saline  taste;  very  soluble  in 
water:  almost  insoluble  in  alcohol;  carbonizes  on  heat,  leaving  residue  of  sodium 
pyrophosphate.     For  details  see  U.S.P.,  p.  389. 

For  tests  for  identity,  for  impurities  (free  alkali,  alcohol-soluble  matter,  heavy 
metals,  phosphates)  and  for  assay  see  U.S.P.,  p.  389  and  also  Part  V  of  this  book. 

Remarks. — This  new  official  substance  is  the  sodivun  salt  of  glycero- 
phosphoric  acid  (see  p.  612)  and  is  now  quite  popular  as  a  tonic.  It  is 
a  constituent  of  solution  of  glycerophosphates  N.  F.  (see  next  page). 

Dose. — ^250  milUgrammes  (4  grains). 
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LIQUOR  SODn  GLTCEROPHOSPHATIS^Solution  of  Sodium 

Glycerophosphate 

(Liq.  Sod.  Glycerophos.) 

An  aqueous  solution  of  sodium  glycerophosphate  corresponding  to  not  less  than 
50  per  cent,  of  the  anhydrous  salt  (NajCsHTPO*  or  NasCaH6(OH)iP04  =  216.10). 
Tests  for  Identity, — See  sodium  glycerophosphate. 

Assay. — See  Part  V. 

Remarks. — This  new  official  solution  is  a  commercial  product  intended 
to  be  used  in  place  of  the  more  costly  crystalline  sodium  glycerophosphate. 
It  is  so  employed  in  making  the  compound  elixir  of  glycerophosphates 
N.F.  (p.  209). 

Dose. — 0.35  mil  (6  minims). 

SODn  HYPOPHOSPHIS— Sodium  Hypophosphite 

(Sod.  Hypophos.) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid, 
not  1^  than  98  per  cent,  of  NaPHi02  +  H»0  (106.07).  Preserve  it  in  well-closed 
containers.  Caution  should  be  observed  in  dispensing  Sodium  HjrpophosphitC)  as 
an  explosion  ia  liable  to  occur  when  it  is  triturated  or  heated  with  nitrates,  chlorates 
or  other  oxidizing  agents. 

Summarized  Description. 

Small,  colorless,  rectangular  plates  or  white,  granular  powder:  saline  taste;  somewhat 
deliquescent^  soluble  in  about  1  part  of  water;  and  in  alcohol;  decomposes  on  heating, 
into  phosphme.     For  details  see  U.S.P.,  p.  391. 

For  tests  for  identity ,  for  impurities  (alkali,  phosphate,  heavy  metals,  arsenic)  and 
for  assay  see  U.S.P.,  p.  391  and  also  Part  V  of  this  book. 

Remarks. —Tins  hypophosphite  is  prepared  in  a  manner  similar  to 
that  for  making  potassium  hypophosphite — by  treatment  of  calcium 
hypophosphite  with  sodium  carbonate. 

Sodium  hypophosphite  occurs  in  the  form  of  small  transparent  plates, 
or  chiefly  in  white,  granular  powder.  It  is  soluble  in  1  part  of  water  and 
30  parts  of  alcohol.  Like  all  hypophosphites,  the  sodium  hypophos- 
phite must  be  heated  with  great  care,  as  otherwise  the  following  chemical 
reaction  will  occur: 

5NaPH,02      +     heat     -     Na4Pj07     +     NaPO,     +     2PH,     +     2H2, 

the  resulting  phosphine  (PHs)  being  spontaneously  combustible  and 
producing  an  explosion. 

Sodium  hypophosphite  is  a  constituent  of  the  official  syrup  of  hypo- 
phosphites.  It  may  be  here  stated  that  hypophosphorous  acid  and  hypo- 
phosphites  act  as  reducing  agents  on  silver  and  mercury  compounds, 
hence  the  salts  of  these  metals  should  not  be  prescribed  with  syrup  of 
hypophosphites.  Like  all  hypophosphites,  the  salt  of  sodium  is  used  as  a 
tonic  and  nutrient  in  wasting  diseases. 

Dose. — 1  gramme  (15  grains). 

SODn  lODIDUM— Sodium  Iodide 

(Sod.  lod.) 

It  contains,  when  dried  to  constant  weight  at  lOO^C,  not  less  than  99  per  cent. 
of  Nal  (149.92).  It  contains  not  more  than  7  per  cent,  of  moisture.  Preserve  it  in 
well-closed  containers. 
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Summarized  Description, 

Colorless,  cubical  crystals  or  white,  crystalline  powder;  saline  taste;  deliquescent  in 
moist  air,  turning  brown;  soluble  in  about  0.5  part  of  water,  in  about  1.6  parts  of 
alcohol  and  in  1.25  parts  of  glycerin.    For  details  see  U.S. P.,  p.  392. 

For  tests  of  identity,  for  impurities  (alkali,  potassium,  heavy  metal,  free  iodine, 
iodate,  barium,  cyanide,  nitrates,  nitrites,  thiosulphate,  sulphate),  and  for  assay  see 
U.S.?.,  p.  392  and  also  Part  V  of  this  book. 

Remarks, — This  salt  so  closely  resembles  potassium  iodide  that  little 
additional  statement  is  needed  here.  It  is  made  by  the  same  processes 
used  in  the  manufacture  of  potassium  iodide  and  the  bromides  of  potas- 
sium and  sodium.  Hence  here  it  is  only  necessary  to  mention  that 
treating  sodium  hydroxide  with  iodine,  and  subsequent  heating  of  the 
evaporated  mass  with  charcoal,  will  yield  the  iodide. 

It  6ccurs  in  anhydrous  cubes  or  rhombic  prisms,  somewhat  deliques- 
cent, turning  reddish  brown  on  exposure  to  air,  the  latter  change  being 
due  to  liberation  of  iodine.  It  is  used  medicinally  exactly  as  is  potassium 
iodide. 

Dose. — 300  milligrammes  (5  grains). 

Sodii  Nitras  (U.S.  P.  VIII)  NaNOi  is  a  purified  form  of  the  native  Chile  saltpeter. 
Large  deposits  of  this  mineral  are  found  in  Peru,  and  is  called  Chile  saltpeter  because 
it  \a  shipped  through  the  Chilean  ports.  The  native  ore  is  a  combination  of  sodium 
nitrate  with  sodium  iodate,  and  the  latter  chemical,  as  mentioned  on  p.  378,  yields 
practically  all  the  iodine  in  use  in  the  world.  The  iodate  is  removed  from  the  nitrate 
by  crystallization  in  the  district  where  mined,  and  is  there  worked  into  iodine  (p. 
378).  while  the  nitrate  is  shipped  into  commerce  practically  free  from  iodide. 

Sodium  nitrate  has  become  of  tremendous  general  importance,  since  Chile  salt- 
peter has  been  the  chief  fertilizer  of  the  world.  The  possibility  of  exhaustion  of 
Chilean  field  caused  scientists  to  sound  a  note  of  wamingand  attempts  to  make  nitric 
acid  and  sodium  nitrate  synthetically  were  started.  The  feat  was  accomplished  by 
Eydt,  who  makes  nitric  oxide  by  pasnng  air  through  cylinders  through  which  pass 
high  tension  electricity.  The  process  is  now  being  operated  in  Norway  with  great 
commercial  success.  ^ 

Sodium  nitrate  is  the  source  of  the  commercial  nitrates.  It  is  rarely  used  in 
medicine,  the  potassium  nitrate  being  preferred.  When  used,  it  is  as  a  diuretic,  as  is 
potassium  nitrate. 

Dose. — 1  gramme  (15  grains). 

SODH  NITRIS— Sodium  Nitrite 
(Sod.  Nitris) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not 
less  than  95  per  cent,  of  NaN02  (69.01).    Preserve  it  in  well-closed  containers. 

Summarized  Description. 

White,  opaque,  fused  masses  or  sticks,  colorless  hexagonal  crystals  or  granular 
powder;  mild  saline  taste;  deliquescent  on  exposure  to  air  and  oxidizes  to  nitrate; 
soluble  in  1.5  parts  of  water;  shghtly  soluble  m  alcohol;  on  heating  dissociates  into 
oxyeen,  nitrogen,  nitrogen  dioxide  and  sodium  oxide.     For  details  see  U.S. P.,  p.  393. 

For  tests  for  identity ,  for  impurities  (heavy  metals)  and  for  assay  see  U.S. P.,  p.  393 
and  also  Part  V  of  this  book. 

Remarks, — This  salt  is  made  by  reduction  of  sodium  nitrate  by  fusing 
with  sheet  lead.  The  fused  mass  is  poured  into  water,  the  diluted  solu- 
tion treated  with  nitric  acid  until  just  neutral  (thus  precipitating  the 
lead).  The  filtrate  is  then  concentrated,  when  the  sodium  nitrite 
crystallizes  out. 

This  salt  occurs  in  the  form  of  deUquescent  granules,  or  usually  in 
the  form  of  fused  pencils.  It  was  introduced  in  the  pharmacopoeia 
in  1890,  because  used  in  the  manufacture  of  spirit  o(  nitrous  ether, 
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and  has  been  retained  in  the  present  pharmacopoeia  for  the  same  reason. 
It  is  now  being  used  extensively  in  medicine  since  it  has  marked  hypo- 
tensive action,  making  it  as  useful  as  nitroglycerin. 
Dose. — 60  milligrammes  (1  grain). 

SODn  PH£NOLSnLPHONA&~Sodium  Phenolsulphonate 
(Sod«  Phenolsulph. — Sodium  Sulphocarbolate) 

It  contains  not  less  than  83.64  per  cent,  nor  more  than  87. S2  per  cent,  of  anhydrous 
sodium  phenolsulphonate  (sodium  paraphenolsulphonate),  corresponding  to  not  less 
than  99  per  cent,  of  the  crystallized  salt  [C«HbO  SOiNa  +  2H.0  -  232. 14].  Preserve 
it  in  well-closed  containers. 

SummarUed  Description, 

Colorless,  rhomolc  prisms  or  crystalline  granules;  cooling  saline  bitter  taste: 
somewhat  efflorescent;  soluble  in  about  4.2  parts  of  water,  in  about  113  parts  of  alcohol 
and  in  6  25  parts  of  ^ycerin;  on  heating  it  chars  and  incinerates  to  sodium  sulphate. 
For  details  see  U.8.P.,  p.  395. 

For  iesUfor  iderUUy,  for  impurities  (heavy  metals,  phenol)  and  for  aseay  see  U.S. P., 
p.  395  and  also  Part  V  of  this  book. 

Remarks. — This  body,  formerly  called  aadium  sulphocarbolate,  has  a 
complex  formula,  NaS08C«H40H.  This  is  the  sodium  salt  of  sulpho- 
carbolic  acid,  which  is  made  by  treating  phenol  (or  carbolic  acid)  with 
sulphuric  acid,  whereby  one  hydrogen  of  C^HsOH  (see  graphic  formula  on 
p.  690)  is  replaced  by  the  group  SO2OH,  which  will  be  recognized  as 

sulphuric  add,  less  one  hydroxyl.    This  union  gives  us  C6H4<r^-^ 

sulphocarbolic  add,  and  the  sodium  in  the  salt  replaces  the  hydrogen  of 
the  hydroxyl  attached  to  the  SOjOH  group. 

Sodium  sulphocarbolate  is  made  by  treating  phenol  with  sulphuric 
acid,  and  letting  stand  for  twenty-four  hours,  when  sulphocarbolic  acid 
is  formed: 

C,H»OH     +     H,S04     «     CeH4(S0,0H)0H     +     H2O. 

To  the  acid  mixture  barium  carbonate  is  added,  thus  forming  barium 
sulphocarbolate,  which  is  soluble,  while  the  excess  of  sulphuric  acid 
separates  out  as  barium  sulphate.  To  the  filtered  solution  of  barium 
sulphocarbolate,  sodium  carbonate  is  added,  producing  the  following 
reaction: 

Ba(S0,CflH40H),    +    Na,CO,    =    2NaSOaCja[40H    +    BaCO,. 

The  barium  carbonate  thus  formed  precipitates  out  and  is  separated 
by  filtration  from  the  solution  of  sodium  sulphocarbolate,  which  is  then 
concentrated  by  evaporation  to  a  point  where  crystallization  takes  place. 

Sodium  sulphocarbolate  occurs  as  transparent,  colorless  prisms, 
somewhat  efflorescent,  possessing  a  delicate  pink  tint.  This  colora- 
tion, however,  is  due  to  the  same  cause  as  is  the  pink  color  of  phenol, 
and  hence  may  possibly  be  considered  as  an  impurity. 

Sodium  sulphocarbolate  is  used  as  an  antiferment. 

Dose. — 250  milligranmies  (4  gr^ns). 

SODn*  PHOSPHAS— Sodium  Phoqihate 

(Sod.  Phos.) 

It  contains  not  less  than  30.26  per  cent,  nor  more  than  44.00  per  cent,  of  anhydrous 
sodium  phosphate  (di-sodium-ortho-phosphate),  corresponding  to  not  less  than  99 
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per  cent,  of  the  crystallized  salt  [Na«HP04  +  12H,0  -  358.24).  Preserve  it  in 
well-closed  containers,  in  a  cool  place. 

Summarized  Description. 

Colorless,  monoclinic  prisms  or  granular  salt;  cooling  saline  taste;  efflorescent; 
soluble  in  about  2.7  parts  of  water;  insoluble  in  alcohol;  on  heating,  is  converted  into 
sodium  pyrophosphate.     For  details  see  U.S.P.,  p.  396. 

For  tests  for  identity,  and  for  impurities  (calcium,  aluminum^  heavy  metals, 
carbonate,  chloride,  arsenic)  see  U.S. P.,  p.  396  and  also  Part  V  of  this  book. 

Remarks. — The  formula  of  sodium  phosphate  is  worthy  of  special 
notice.  On  p.  358  will  be  found  the  graphic  formula  of  phosphoric  acid, 
H3PO4.  If  two  of  the  three  hydrogen  atoms  of  phosphoric  acid  are 
replaced  by  sodium  atoms  (each  atom  of  sodium  of  valence  i  replacing 
one  atom  of  hydrogen),  we  get  Na2HP04,  the  formula  of  the  official 
sodium  phosphate. 

All  these  hydrogen  atoms  found  in  phosphoric  acid  are  replaceable 
under  proper  conditions,  as  illustrated  in  the  formula  of  official  calcium 
phosphate  Ca8(P04)2  (p.  360),  and  a  sodium  phosphate  having  the 
formula  NasP04  can  be  made.  But  the  stable  form  of  sodium  phos- 
phate is  the  one  in  which  one  atom  of  the  hydrogen  in  the  acid  remains 
(Na2HP04),  and  this  is  recognized  by  the  pharmacopoeia. 

This  important  salt  is  prepared  by  treating  bone-ash  with  sulphuric 
acid,  when  acid  calcimn  phosphate  is  produced,  as  shown  in  the  following 
equation: 

Cas(P04)a     +     2H,S04     =     CaH4(P04)«     +     2CaS04. 

The  solution  of  acid  calcium  phosphate,  freed  from  the  insoluble  cal- 
cium sulphate  by  forcible  straining,  treated  with  sodium  carbonate,  yields 
sodium  phosphate,  as  shown  in  the  following  equation : 

CaH4(P04)i     +     Na,CO,     =     NatHP04     +     CaHP04     +     CO,     +     H,0. 

Other  authorities  say  the  reaction  runs: 

3CaH4(P04)2    +   4Na,C0»    =    4Na2HP04     +     Ca,(P04)a     +    4H,0     +    4CX3,. 

Sodium  phosphate  occm^  in  the  form  of  large,  colorless,  efflorescent 
crystals,  although  now  usually  dispensed  in  the  form  of  granules.  It 
is  important  for  the  pharmacist  to  remember  that  the  granules  are 
efflorescent,  that  they  part  comparatively  easily  with  a  portion  of  their 
water  of  crystallization,  and  thus  lose  a  considerable  amount  of  their 
weight.  In  fact,  in  the  writer's  experience,  he  has  known  of  cases  where 
a  pound  of  sodium  phosphate  decreased  to  12  ounces  by  weight  by  simple 
efflorescence.  In  selling  the  salt  this  should  be  kept  in  mind,  otherwise 
a  depreciation  in  the  profit  will  result. 

Recent  literature  has  shown  that  a  large  amount  of  sodium  phos^ 
phate  on  the  market  is  contaminated  with  arsenic,  and  therefore  the 
pharmacist  should  examine  his  phosphate  in  order  to  prevent  dispensing 
a  dangerous  chemical.  An  interesting  preparation  of  the  salt  is  a  com- 
bination of  it  with  sodium  nitrate  and  citric  acid.  When  these  three 
chemicals  are  triturated  together  in  a  warm  mortar,  they  liquefy,  form- 
ing a  solution  containing  over  100  per  cent,  by  volume  of  sodium  phos- 
phate. A  similar  preparation  is  compound  solution  of  sodium  phosphate 
N.F. 

Medical  Properties. — A  valuable  saline  purgative. 

Dose. — 4  grammes  (1  drachm). 
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SODn  PHOSPHAS  EFFERVESCENS— Effervescent  Sodium 

Phosphate 

For  details  of  manufacture  see  Part  VII. 

Remarks. — ^This  is  a  granular  effervescent  salt  containing  20  per  cent, 
exsiccated  sodium  phosphate.  Note  that  the  pharmacopoeia  directs 
that  the  mass  be  softened  for  granulation  by  warming  and  not  by 
moistening  with  alcohol.    It  is  a  useful  and  agreeable  purgative. 

Dose. — 10  grammes  (2)4  drachms). 

SODn  PHOSPHAS  EXSICCATUS— Exsiccated  Sodium  Phosphate 

(Sod.  Phos.  Exsic.) 

It  contains,  when  dried  to  constant  weight  at  llO^C,  not  less  than  98  per  cent,  of 
NajHPOi  (142.05).     Preserve  it  in  well-closed  containers. 

Condensed  Recipe. 

Allow  crystals  of  sodiumphosphate  to  effloresce  at  25''  to  30**C.  for  several  days, 
then  heat  in  an  oven  to  100°(J.  until  the  salt  ceases  to  lose  weight.  Then  powder  ana 
sift.     For  details  see  U.S. P. 

Summarized  Description. 

White  powder;  soluble  in  about  8  parts  of  water;  insoluble  in  alcohol.  For  details 
see  U.S. P.,  p.  397. 

For  tests  for  identity  and  for  impurities  see  sodium  phosphate.  For  assay  see 
U.S.P.,  p.  397  and  also  Part  V  of  this  book. 

Remarks. — This  is  used  for  the  manufacture  of  the  granular  eflFerves- 
cent  salt  just  described.  Note  that  its  dose  is  just  half  of  that  of  the 
cr3rstalUne  salt. 

Dose. — 2  grammes  (30  grains). 

Sodii  Pyrophosphas  (U.S.P.  VIII)  or  sodium  pyrophosphate,  NaiPsOi,  introduces 
us  to  an  acid  of  phosphorus  not  yet  considered— -pyrophosphoric.  On  a  preceding 
paa^  (p.  429),  under  Borax,  mention  was  made  of  the  fact  that  the  prefix  "pyro-" 
mdicates  application  of  strong  heat;  this  applies  to  pyrophosphoric  acid. 

On  p.  359  the  difference  between  true  orthophosphoric  acid,  HePOj,  the  so-called 
orthophosphoric  acid,  H1PO4,  and  metaphosphoric  acid,  HPOa,  is  graphically  demon- 
strate, and  mention  is  there  made  that  all  phosphoric  acids  are  denved  from  phos- 
phoric oxide,  PjOs,  a  body  in  which  phosphonc  acid  acts  with  valence  v. 

If  to  PiOj  we  add  one  molecule  of  water,  we  get  metaphosphoric  acid,  via., 

P2O5      +     H2O      =     HaPjOe  or  2HPOs; 

and  if  we  add  three  molecules  of  water  to  one  molecule  of  phosphoric  oxide,  we  get 
the  official  phosphoric  acid,  viz., 

P.0,     +     3H2O     =     HePjOg  or  2H3PO4. 

Likewise,  if  we  subtract  one  molecule  of  water  from  ofHcial  phosphoric  acid,  we 
get  metaphosphoric  acid,  viz., 

H,P04     -     HaO     =     HPO,. 

If,  on  the  other  hand,  we  subtract  one  molecule  of  water  from  two  molecules  of  official 
phosphoric  acid,  we  get  pyrophosphoric  acid,  as  shown  below : 

2H8PO4     =     HePjOg 
Less  one  molecule  of  water  or  H2    O 


Give  pyrophosphoric  acid  H4P2O7. 

The  pyrophosphate  is  obtained  h^  heating  sodium  phosphate  imtil  its  solution 
no  longer  gives  a  yellow  precipitate  with  silver  nitrate. 
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Sodium  i)yrophosphate  occurs  in  the  form  of  a  crystalline  powder  or  in  monoclinic 
prisms,  and  is  soluble  in  12  parts  of  water.     It  is  rarely  employed  in  medicine. 

Dose. — 2  grammes  (30  grains). 

SODn  SALICYLAS— Sodium  Salicylate 

(Sod.  SalicyL) 

It  contains,  when  dried  to  constant  weisht  at  lOO^C,  not  less  than  99.5  per  cent, 
of  NaCrHsOt  (160.04).  Preserve  it  in  well-closed  containers,  protected  from  heat 
and  light. 

Summarized  DeacripHoit, 

White,  micro-crystalline  powder;  scales  or  amorphous  powder;  colorless  to  faint 
pink;  sweet  saline  taste;  soluble  in  about  0.9  part  of  water  and  in  about  7.5  parts  of 
alcohol;  on  heating^  it  chars  leaving  residue  of  sodium  carbonate.  For  details  see 
U.S.P.,  p.  398. 

For  tests  for  idenlity,  for  impuritiea  (sulphites,  thiosulphates,  heavy  metals)  and 
for  cLsaay  see  U.S.P.,  p.  398  and  also  Part  V  of  this  book. 

Remarks. — This  salt  is  prepared  by  treating  salicylic  acid  with  sodium 
carbonate,  and  evaporating  the  resulting  solution  of  sodium  salicylate 
to  dryness^  in  the  water-bath.  Many  modern  therapeutists  claim  that 
the  salicylic  acid  employed  should  be  that  from  oil  of  wintergreen. 
Calls  for  "Sodium  salicylate  (natural)"  can  be  easily  filled  by  the  retail 
pharmacist  by  treating  oU  of  wintergreen  with  the  molecular  quantity 
of  sodium  hydroxide,  evaporating  the  mass  to  dryness,  redissolving  in 
water,  making  the  solution  acid  by  the  addition  of  more  salicylic  add, 
and  granulating  the  resulting  filtered  liquid.  The  addition  of  extra  acid 
is  essential,  for  the  alkaline  sodium  salicylate  is  invariably  of  grayish 
color.  In  preparing  the  sodium  salicylate  great  care  must  be  taken  to 
avoid  contact  with  iron,  as  that  element  will  color  the  salicylate  a  blood 
red.     (See  p.  709.) 

Sodium  salicylate  is  a  valuable  remedy  for  rheumatism. 

Dose. — 1  gramme  (16  grains). 

Sodium  silicate,  NatSiOs.  wa^  recognized  in  the  pharmacopceia  of  1890  as  a  nearly 
saturated  solution  (liquor  soaii  silieatis  or  liquid  glass).  It  is  made  by  fusing  together 
common  sand  and  sodium  carbonate  in  the  presence  of  a  small  Quantity  of  charcoal. 
The  fused  mass  is  poured  into  water  in  order  to  obtain  the  product  in  small  porous 
masses,  which  are  more  readily  soluble. 

Sand  is  silicic  oxide,  SiOt,  an  exact  analogue  to  carbonic  oxide,  CX)].  Silicic 
oxide  plus  sodium  carbonate  gives  us  sodium  silicate  and  gaseous  carbonic  oxide : 

SiO,     +    Na,COa     -     Na,SiO,     +     CO,. 

• 

Solution  of  sodium  silicate  is  a  more  or  less  transparent,  but  faintly  yellowish,  viscid 
liquid,  the  keeping  of  which  is  a  source  of  considerable  annoyance  to  the  retail  phar- 
macist. If  kept  in  glass-stopperod  bottles  it  will  cause  the  stopper  to  stick  to  the  neck. 
It  usually  is  somewhat  alkalme,  and  therefore  attacks  cork,  and  if  not  tightly  corked, 
it  will  comparatively  easily  evaporate  to  a  glassy  mass,  which  is  quite  difficult  to 
redissolve.  This  bod^  is  called  liquid  glass  or  waler  glasSy  because  or  its  resemblance 
to  ordinary  glass,  which  is  a  combination  of  sodium  silicate  with  the  silicates  of  lead 
and  calcium. 

Liquid  glass  forms,  on  drying,  a  vitreous  coating  which  is  hard  and  inflexible. 

*   Accordingly,  it  Ls  used  in  mending  fractured  limbs,  as  is  also  plaster  of  Paris,  the  broken 

member  bemp;  swathed  with  bandages  which  are  fixed  firmly  in  their  place  by  appliciv- 

tions  of  the  hquid  glass.     After  standing,  the  solution  solidifies  to  a  nard,  ngid  mass, 

which  securely  and  firmly  encases  the  lunb. 

It  is  superior  to  plaster  of  Paris  in  the  greater  ease  with  which  the  glass  dressing 
can  be  removed  after  the  limb  is  set. 

The  plaster  has  to  be  chipped  off — a  very  tiresome  operation;  the  glass,  on  the 
other  hand,  can  be  dissolved  on  with  hot  water. 

It  is  found,  however,  that  liquid  glass  sets  too  slowly  for  the  average  operation, 
and  plaster-of -Paris  settings  are,  therefore,  usually  preferred. 
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SODn  SULPHAS— Sodium  Sulphate 
(Sod.  Sulph.— Glauber's  Salt) 

It  contains  not  less  than  43.&4  per  cent,  nor  more  than  48  per  cent,  of  anhydrous 
sodium  sulphate,  corresponding  to  not  less  than  99  per  cent,  of  the  crystallized  salt 
[NasSOi  +  lOHiO  =  322.23].     Preserve  it  in  well-closed  containers,  in  a  cool  place. 

Summarized  Description. 

Large,  colorless,  efflorescent,  monoclinic  prisms  or  granular  crystals:  bitter  saline 
taste;  soluble  in  about  1  part  of  water  at  25**C.  (see  below);  insoluble  in  alcohol; 
fuses  in  its  water  of  crystallization  at  33°C.     For  details  see  U.S. P.,  p.  398. 

For  teats  for  identUy.  for  impuriHes  (heavy  metals,  arsenic)  and  lor  assay  see 
U.S.P.,  p.  399  and  also  Part  V  of  this  book. 

Sodium  sulphate  is  known  by  the  synonym  of  Glauber^ s  salt,  so  named 
after  John  Rudolph  Glauber,  who  pubhshed  the  process  of  manufacture 
in  his  work,  "  De  Natura  SaUum,"  1658.  It  is  made  by  treating  sodium 
chloride  with  sulphuric  acid,  and  is,  therefore,  an  intermediate  product 
in  the  Leblanc  process  (p.  432). 
•  Native  sodium  sulphate  hfitd  been  used  many  years  before  this. 

Sodium  sulphate  occurs  in  efflorescent,  monocUnic  prisms  or  granular 
crystals,  possessing  a  bitter,  saline  taste.  Its  solubility  in  water  is  note- 
worthy, the  following  table  showing  its  variations  from  0  to  100**C. : 

At      0°C.  1  part  crystalline  sodium  sulphate  dissolves  in  8       parts  of  water. 


At    15**C.  1 

"  2.8       " 

At    25*'C.  1 

"  1       part 

At    30**C.  1 

"  0.5       " 

At    34^C.  1 

it       / 

"  0.25     " 

At    50**C.  1 

"  0.37     " 

At  lOO^C.  1 

"  0.40     " 

the  temperature  being,  of  course,  that  of  the  water. 

By  this  table  it  will  be  noted  that  the  maximum  solubility  is  reached 
at  34 C,  when  one  part  of  the  saJt  (crystals)  will  dissolve  in  one-quarter 
its  weight  of  water.  At  35**C.  the  solubiUty  is  1  part  in  0.3  part  water, 
and  from  that  to  100°  the  solubility  slowly  decreases.  This  phenomenon 
has  been  explained  by  claiming  that  up  to  34®C.  we  deal  with  solution  of 
the  salt  containing  ten  molecules  of  water  of  crystallization.  At  34*^ 
it  is  supposed  that  the  salt  loses  nine  molecules  of  water,  and  from  that 
time  on  we  deal  with  a  chemical  possessing  only  one  molecule  of  water 
of  crystallization.  The  solution  of  sodiimi  sulphate  at  34°  is  a  striking 
illustration  of  a  supersaturated  solution.  Such  a  solution  will  remain 
intact  if  kept  in  a  quiet  place,  even  though  the  temperature  of  the  solu- 
tion be  reduced  below  33°.  If  the  flask  is  shaken,  or  even  if  the  cork  is 
removed,  there  will  be  a  sudden  formation  of  crystals,  with  the  evolu- 
tion of  considerable  heat,  corresponding  to  the  phenomenon  of  retarded 
crystaUizatian.  (See  p.  123.)  The  crystallization  due  to  agitation  is 
easy  to  understand.  One  explanation  of  why  the  crystallization  takes 
place  by  merely  removing  the  cork  is  that  the  air  contains  minute  crystals 
of  sodium  sulphate,  which,  when  the  cork  is  removed,  fall  into  the  solution 
and  act  as  nuclei 

Sodium  sulphate  is  a  useful  purgative. 

Dose. — 16  grammes  (240  grains). 

Sal  Carolinum  factititun  (N.F.)^  or  artificial  Carlsbad  saUy  is  mentioned  here  since 
sodium  sulphate  is  its  chief  constituent,  the  other  ingredients  being  sodium  chloride 
and  bicarbonate  and  potassium  sulphate.  The  Formulary  gives  two  recipes,  one  for 
an  amorphous,  the  otner  for  a  crystalline  form. 
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Sal  Carolinum  factitium  effervescens  (N.F.)  is  an  efferv^ent  variety  of  the  fore- 
going containing  26.6  per  cent,  of  the  amorphous  salt  made  into  effervescent  granules 
with  sodium  bicarbonate  and  tartaric  and  citric  acids. 

SODn  SULPHIS  EXSICCATUS— Exsiccated  Sodium  Sulphite 

(Sod.  Sulphis  Ezsic.) 

It  contains  not  less  than  90  per  cent,  of  Na«SOs  (126.07).  Preserve  it  in  well-closed 
containers,  in  a  cool  place. 

Summarized  Description, 

White  powder;  cooling  saline,  sulphurous  taste;  in  air  oxidizes  to  the  sulphate; 
soluble  in  sDbout  3.2  parts  of  water;  somewhat  soluble  in  alcohol;  dissociates  on  heating 
to  the  sulphide  and  the  sulphate.    For  details  see  U.S. P.,  p.  399. 

For  testa  for  identity ,  for  impurities  (thiosulphate,  heavy  metals)  and  for  assay  see 
U.S.P.,  p.  399  and  also  Part  V  of  this  book. 

Remarks, — This  chemical  is  made  by  passing  sulphur  dioxide  gas, 
produced  in  the  way  as  explained  under  sulphurous  acid  (p.  402),  into 
a  solution  of  sodium  carbonate,  and  then  carbonating  the  solution.  It 
is  used  as  an  antiferment. 

Dose. — 1  gramme  (15  grains). 

SODn  THTOSULPHASr—Sodium  Thiosulphate 

(Sod.  Thiosulph. — Sodium  Hyposulphite) 

It  contains  not  less  than  63.07  per  cent,  nor  more  than  67.48  per  cent,  of  anhy- 
drous sodium  thiosulphate,  corresponding  to  not  less  than  99  per  cent,  of  the  crys- 
tallized salt  [NasSsOs  +  5HsO  »  248.22].    Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Colorless,  monoclinic  prisms;  cooling,  then  bitter  taste:  efflorescent  above  33^C.; 
soluble  in  about  0.5  part  of  water;  insoluble  in  alcohol;  oissociated  on  high  heat  to 
sulphur,  sulphide  and  sulphate.    For  details  see  U.S.P..  p.  400. 

For  tests  for  iderUity,  tor  impurities  (sulphites,  bisulphites,  arsenic,  heavy  metals, 
calcium)  and  for  assay  see  U.S.P.,  p.  400  and  also  Pcurt  V  of  this  book. 

Remarks. — This  salt  has  been  incorrectly  called  sodium  hyposulphite. 
In  the  table  of  valences  on  p.  352  it  will  be  found^that  the  valence  of 
sulphur  is  ii,  iv,  and  vi. 

As  already  learned,  when  an  element  has  three  valences  and  three 
oxides,  the  oxide  showing  the  highest  valence  is  given  the  termination 
"ic,**  while  the  oxide  showing  the  lowest  valence  has  "hypo"  prefixed 
to  the  name  of  the  positive  element,  whose  termination  becomes  "ous." 
Under  this  rule,  that  oxide  in  which  sulphur  acts  with  the  valence  ii 
should  be  termed  hyposulphurous  oxide,  and  the  formula  of  this  body  is 
SO. 

If  hyposulphurous  oxide  be  SO,  then  hyposulphurous  acid  will  be 
SO  +  H2O  or  H2SO2,  and  sodium  hyposulphite  will  be  Na2S02,  which  is 
quite  different  from  the  formula  given  above;  the  so-called  sodium  hypo- 
sulphite, Na2S208,  being  really  sodium  thiosulphate.  "  Thios  "  is  Greek 
for  sulphur,  hence  the  Uteral  translation  of  thiosulphate  is  "sulphosul- 
phate,"  a  most  appropriate  title  for  the  body  Na2S20s,  as  is  shown  by 
the  following  comparison  of  the  graphic  formula  of  it  with  that  of  normal 
sodium  sulphate: 

Sodium  Sulphate  Sodium  Thiosulphate 

ONa  r> SNa 

ONa 


ONa  r> sr 

ONa  V 01 

=0  1=0 
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Sodium  thiosulphate,  Na2S208,  can  be  resolved  into  NasSOs  (sodium 
sulphite)  and  sulphur,  and  inversely  the  thiosulphate  can  be  made  by 
boiling  the  sulphite  with  sulphur. 

The  commercial  method  of  manufacture  is  by  treating  calcium  thio- 
sulphate with  sodium  sulphate,  as  shown  in  the  following  equation: 

CaS,0,     +     Na,S04     =     CaS04     +     Na,S,0,. 

The  calcium  thiosulphate  used  in  the  above  reaction  is  obtained  from 
the  calcium  sulphide  residue  of  the  Leblanc  process  (p.  432).  On  ex- 
posure to  air  the  calcium  sulphide  found  therein  is  oxidized  to  calcium 
thiosulphate,  which  is  lixiviated  from  the  insoluble  matter  of  the  residue. 
Sodium  thiosulphate  is  also  made  by  cooking  sulphur  with  sodium 
sulphite. 

Sodium  thiosulphate  occtirs  in  colorless,  transparent  crystals,  soluble 
in  less  than  one  part  of  water.  It  is  used  largely  in  commerce,  being  a 
valuable  antichlor  in  paper  manufacture.  It  is  the  "hypo''  of  photo- 
graphers, being  used  by  them  as  a  developer  (see  p.  561),  it  having  the 
power  of  dissolving  the  chloride  and  bromide  of  sUver,  When  brought 
in  contact  with  an  iodine  solution,  it  immediately  discharges  the  color 
of  same,  as  explained  on  p.  378.  The  decolorizing  influence  of  sodium 
thiosulphate  on  iodine  is  applied  in  the  estimation  of  the  iodine  strength 
of  various  pharmaceuticals,  the  same  being  titrated  with  decinormal  solu- 
tion of  sodium  thiosulphate.  Sodium  thiosulphate  has  been  recom- 
mended as  exhibiting  all  the  therapeutic  value  of  sulphur  in  a  soluble  form, 
it  being  stated,  when  a  solution  enters  the  stomach,  the  acids  thereof 
throw  out  a  sufficient  amount  of  sulphur  to  become  active.  In  the  same 
way  the  ointment  of  sodiimi  hyposulphite  has  been  recommended  in  place 
of  sulphur  ointment. 

Dose, — 1  gramme  (15  grains). 
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LITHIUM  AND  AMMONIUM 

LITHIUM 

Symbol,  Li.     Atomic  weight,  approximately  7. 

The  word  lithium  is  derived  from  the  Greek  "JtYAtos,"  meaning 
"stone,"  being  so  named  by  Berzelius  because  found  in  minerals.  The 
presence  of  the  new  element  was  first  detected  by  Arfvedson  in  1817, 
but  its  isolation  in  more  than  traces  was  not  accomplished  until  1855, 
when  Bunsen  and  Mattiessen  obtained  it  by  electrolysis  of  fused  lithium 
chloride. 

The  chief  ores  of  lithium  are  lepidolitey  a  combination  of  the  silicates 
of  lithium,  sodium,  and  aluminum,  and  triphylitef  which  is  a  mixture  of 
the  phosphates  of  lithium,  sodiumf  iron,  manganese,  and  calcium. 

It  was  first  discovered  in  mineral  water  by  Berzelius  (1822),  who 
noted  its  presence  in  Carlsbad  water. 

It  is  also  found  in  tobacco  and  in  the  sugar-beet. 

The  metal  cannot  be  isolated  by  chemical  means,  such  as  are  used  in 
obtaining  sodium  and  potassium,  by  reason  of  the  non-volatile  character 
of  the  metal,  but  is  prepared  only  by  electrolysis  of  the  chloride. 

Lithium  is  the  lightest  of  all  metals,  having  the  specific  gravity  0.534, 
i.e.,  it  has  less  than  six-tenths  the  weight  of  water,  and  is  lighter  than 
petroleum  or  ether,  and  hence  floats  on  both  of  these  liquids.  It  is  a 
soft,  silvery-white  metal,  possessing  characteristics  similar  to  that  of  the 
other  members  of  the  group,  sodium  and  potassium,  although  being  less 
chemically  active.  Thus,  while  it  reacts  in  water  with  the  formation 
of  lithium  hydroxide,  it  does  not  do  so  with  explosive  violence  that  char- 
acterizes the  same  reaction  in  the  case  of  sodium  and  potassium. 

The  most  characteristic  test  for  lithium  is  the  crimson  color  which  it 
or  its  salts  transmits  to  a  colorless  flame  which  is  so  sensitive  that  one- 
one-himdredth  thousandth  of  a  milligramme  of  lithium  in  1  mil  of  water 
can  be  thus  detected.  If  the  solution  of  the  chloride  be  treated  with 
ammonium  carbonate,  the  rather  sparingly  soluble  carbonate  is  precipi- 
tated. This  carbonate  is  somewhat  soluble  in  water,  however  (1  part 
in  75  parts  water),  hence  the  statement  already  made  (p.  407)  that  the 
carbonates  of  the  alkalis  dissolve  in  water  still  obtains. 
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The  following  salts  of  lithium  are  official : 

Lithium  bromide,  85  per  cent,  absolute  LiBr. 
Lithium  carbonate,  98.5  per  cent,  absolute  LisCOs. 
Lithium  citrate,  98.5  per  cent,  absolute  LisCeHsOr  +  4HtO. 

LITHH  BROMIDUM— Lithium  Bromide 

(Lith.  Brom.) 

It  contains  not  less  than  85  per  cent,  of  LiBr  (86.86).  Preserve  it  in  air-tight 
containers. 

Summarized  Description. 

White,  deliquescent,  sranular  salt;  sharp,  slightly  bitter  taste;  soluble  in  0.6  part 
of  water  and  also  in  alcohol;  fused  at  red  heat  and  then  volatilizes.  For  details  see 
U.S.P.,  p.  257. 

For  iesU  for  identity,  for  impurities  (other  alkalies,  iodide,  bromate,  chloride,  sul- 
phate, heavy  metals)  and  for  assay  see  U.S.P.,  p.  257  and  also  Part.  V  of  this  book. 

Remarks. — This  salt  is  made  by  treating  lithium  carbonate  with 
potassium  bromide,  as  shown  in  the  following  equation: 

LijCO,     +    2KBr     =»     K,CO,     +     2LiBr, 

or  by  treating  lithium  sulphate  with  potassium  bromide.  In  both  cases 
the  potassium  salt — ^the  carbonate  or  the  sidphate — ^is  precipitated  from 
the  lithium  bromide  solution  by  the  addition  of  a  small  quantity  of  alco* 
hoi.  Yvon's  process  of  preparation  is  by  treating  lithium  carbonate 
with  bromine  and  then  passing  hydrogen  sulphide  through  the  mixture 
until  the  color  of  the  bromine  has  disappeared.  In  this  case  the  sulphide 
acts  on  the  bromine  to  form  hydrobromic  acid  and  sulphur,  the  latter 
precipitating.  The  hydrobromic  acid,  in  turn,  acts  on  the  lithium  car- 
bonate to  form  lithium  bromide,  and  the  result  of  the  reaction  is  a  solu- 
tion of  lithium  bromide  containing  a  precipitate  of  sulphur,  which  is 
removed  by  filtration.  The  filtered  liquid  is  concentrated  by  evapora- 
tion and  crystallized  by  desiccation,  under  the  bell-glass,  with  sulphuric 
acid.  A  fomlh  process  suggested  is  by  treating  ferrous  bromide  with 
lithium  carbonate,  and  is,  therefore,  similar  to  the  process  for  making 
potassium  bromide.     (See  p.  414.) 

Lithium  bromide  is  used  as  a  hypnotic. 

Dose. — 1  gramme  (15  grains). 

Litfaii  benzoas  (U.S. P.  VIII)  or  lithium  bemoaie,  LiCTHsOs  is  made  by  treating 
lithium  carbonate  with  benzoic  acid,  as  shown  in  the  following  equation : 

liiCO,     +    2HC7H»Oj     «     2LiC7H50,     +    H2O     +    CO2. 

It  occurs  in  a  light  white  powder  or  small,  shiny  scales,  and  is  used  as  a  diuretic 
and  fks  a  remedy  for  gout. 

Dose. — 1  gramme  (15  grains). 

LITHn  CARBONAS— Lithium  Carbonate 

(Lith.  Carb.) 

It  contains,  when  dried  to  constant  weight  at  lOO^C,  not  less  than  98.5  per  cent, 
of  lixCOi  (73.88).     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Light,  white  powder;  alkaline  taste;  soluble  in  about  78  parts  of  water;  almost 
insoluble  in  alcohol;  fuses  at  red  heat  losing  carbon  dioxide  and  leaving  lithium  oxide. 
For  details  see  U.8.P.,  p.  268. 

For  tests  for  identUy,  for  impurities  (iron,  aluminum,  other  alkalies,  heavy  metals) 
and  for  assay  see  U.S.P.,  p.  258  and  also  Part  V  of  this  book. 
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Remarks. — ^Lithium  carbonate  is  prepared  from  lepidolite  by  making 
a  paste  of  the  finely  powdered  ore  with  concentrated  sulphuric  acid, 
calcining,  and  treating  the  residue  with  water.  This  throws  out  silicic 
acid,  and  converts  the  metals  into  sulphates,  which  go  into  solution.  To 
the  solution,  potassium  sulphate  is  added,  when,  on  concentration,  the 
aluminum  crystallizes  out  as  alum.  To  the  remaining  solution  of  the 
sulphates  of  sodium,  potassium,  and  lithium,  sodium  carbonate  is  added, 
when  crude  lithium  carbonate  precipitates.  This  is  purified  by  cooking 
with  milk  of  lime  or  with  aluminum  hydroxide,  when  a  solution  of  lithium 
hydroxide  results,  and  from  this  the  carbonate  is  produced  by  use  of 
sodium  carbonate.  Lithium  carbonate  is  also  made  by  adding  the  chlor- 
ide to  warm  20  per  cent,  ammonium  carbonate  solution,  or  to  solution  of 
ammonium  carbonate  containing  ammonia  water. 

Lithium  carbonate  is  used  in  gout  because  it  is  supposed  to  exert  a 
solvent  action  upon  uric  acid. 

Dose, — 500  inilligrammes  (8  grains). 

LITHII  CITRAS— Lithium  Citrate 

(Lith.  Cit.) 

It  contains  not  leas  than  98.5  per  cent,  of  LisHeCsO?  +  4HsO  (281.92).  Preserve 
it  in  aiivtight  containers. 

Summarized  Description. 

White  powder  or  granules:  cooling,  faintlv  alkaline  taste;  deliquescent;  soluble 
in  about  1.4  parts  of  water;  sligntly  soluble  in  alcohol;  on  heating  it  carbonizes,  leaving 
lithium  carbonate.     For  details  see  U.S. P.,  p.  258. 

For  tests  for  identity  J  for  impurities  (other  alkalies,  heavy  metals)  and  for  assay  see 
U.S.P.,  p.  259  and  also  Part  V  of  this  book. 

Remarks. — This  salt  is  made  by  treating  the  lithium  carbonate  with 
citric  acid,  and  crystallization  of  the  citrate  by  evaporation  of  the  solu- 
tion. Its  use  is  the  same  as  that  of  the  carbonate,  but  has  the  advantage 
of  possessing  a  less  disagreeable  taste,  and  is  more  easily  tolerated  by 
the  stomach. 

Dose, — 500  milligrammes  (8  grains). 

Sal  litfaii  citras  effervescens  (N.F.),  or  effervescent  lithium  citrate^  is  a  5  per  cent, 
mixture  of  lithium  citrate  with  sodium  bicarbonate,  dried  tartaric  acid,  and  crystalline 
citric  acid,  granulated  by  softening  the  mass  with  heat  and  rubbing  through  a  coarse 
sieve. 

Lithu  saUcylas  (U.S.P.  VIII;  N.F.  IV),  or  lithium  salicylate,  LiC7H,0«,  is  prepared 
by  treating  lithium  carbonate  with  salicylic  acid,  heatmg  until  the  effervescence 
ceases,  and  then  granulating.  The  salt  occurs  in  the  form  of  a  grayish-white,  deliques- 
y  cent  powder,  having  a  sweetish  taste,  verv  soluble  in  both  alcohol  and  water. 
Lithium  salicylate  is  a  popular  remedy  for  rheumatism  and  gout,  since  it  possesses 
the  antirheumatic  properties  of  both  salicylic  acid  and  lithium. 

Dose. — 1  gramme  (15  grains). 

AMMONIUM 

Ammonium  is  discussed  as  an  element,  although  we  know  it  is  a  com- 
pound and  have  no  proof  that  it  exists  in  a  free  state.  By  ammonium 
we  mean  the  radicle  NH4.     Graphically, 
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The  discussion  of  radicles  found  on  pp.  573,  574  will  explain  how  NH4, 
with  one  free  bond,  can  act  like  a  metal  with  one  free  bond. 

The  only  inkling  we  have  of  the  metallic  character  of  ammonium 
and  the  possibility  of  its  eventual  isolation  come  from  the  fact  that,  by 
electrolysis  of  ammonium  hydroxide  in  the  presence  of  mercury,  there  is 
formed  an  amalgam  of  ammonium  with  mercury  similar  to  that  yielded 
by  metallic  sodium  or  potassium  with  the  same  liquid  elements. 

This  amalgam,  on  being  heated,  splits  into  mercury,  ammonia  (NH3), 
and  hydrogen. 

Do  not  confound  ammonium  with  ammonia.  Ammonia  is  a  gas  of 
sharp,  penetrating  odor,  characteristic  of  spirit  of  hartshorn,  having  the 
formula  NHs,  or,  graphically. 
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It  is  a  definite  chemical  in  which  all  three  of  the  nitrogen  bonds  are 
satisfied  by  hydrogen.  Ammonium  is  a  radicle,  showing  nitrogen  with 
five  bonds  and  only  four  of  these  taken  up  by  hydrogen,  leaving  one  free 
bond  ready  for  action.  The  formation  of  ammonium  compounds  from 
ammonia  is  different  from  metallic  combinations.  If  we  treat  a  metal — 
say,  potassium — with  hydrochloric  acid,  hydrogen  is  evolved  and  a  chlor- 
de  is  formed,  thus — 

K     +    HCl     =     KCl     +    H. 

If,  on  the  other  hand,  we  treat  ammonia  with  hydrochloric  acid,  am- 
monium chloride  is  formed  without  evolution  of  hydrogen,  thus — 

NH,    +    HCl    «     NH4CI, 
or,  graphically. 
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Again,  let  it  be  reiterated  that  sodium  (Na)  is  not  soda  (NaOH), 
potassium  (K)  is  not  potash  (KOH),  and  ammonium  (NH4)  is  not  am- 
monia (NHj). 

Ammonia,  as  just  mentioned,  is  a  gas  having  the  formula  of  NHs. 
This  body  is  interesting  as  one  of  the  few  volatile  alkalis  (the  others 
being  organic  chemicals),  and  its  presence  in  compounds  is  generally 
detected  by  means  of  its  volatility,  the  suspected  substance  being  treated 
with  soda  or  potassa  and  heated;  if  ammonium  compounds  are  present, 
the  ammonia  gas  is  evolved,  and  is  readily  recognized  by  its  characteristic 
odor.  If  only  minute  quantities  of  the  gas  are  evolved,  it  can  be  de- 
tected by  means  of  moistened  red  litmus-paper,  which  will  turn  blue 
upon  being  applied  to  the  vapors  of  ammonia.  When  ammonia  gas 
comes  in  contact  with  hydrochloric  acid,  white  fumes  of  ammonium 
chloride  are  formed.  In  testing  for  minute  quantities  of  ammonia, 
Nessler's  reagent  is  employed.  Tliis  consists  of  a  solution  of  mercuric 
iodide  in  an  excess  of  mercuric  chloride,  and  when  this  colorless  or  faintly 
straw-colored  Uquid  is  added  to  the  solution  containing  ammonia,  the 
liquid  is  then  changed  to  either  an  amber  tint  or  a  red-brown  precipitate 
is  produced,  according  to  the  amount  of  ammonia  present.  By  this 
means  small  quantities  of  animonia  (even  1  part  to  10,000,000)  can  be 
detected  in  a  Uquid. 
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The  test  is  too  sensitive  for  application  in  ordinary  analytic  processes, 
but  is  invaluable  in  detecting  ammonia  in  drinking-water,  as  already 
explained  on  p.  369. 

Ammonia  gas  was  first  prepared  by  Priestly,  in  1774,  by  heating  am- 
monium chloride  with  slaked  lime,  the  reaction  being : 

2NH4a     +     Ca(OH),     =     CaCl,     +    2NH8     +     2H,0. 

The  evolved  gas  he  called  ^'alkaline  air,"  the  word  ammonia  (of 
Ammoniack)  being  first  applied  to  it  by  Bergman  in  1782. 

Commercial  ammonia  gas  is  made  from  the  ammoniacal  liquor  or 
gas-works.  In  the  manufacture  of  illuminating-gas  from  coal  the  gas, 
as  it  leaves  the  retort,  is  passed  through  diluted  sidphuric  acid  to  remove 
the  ammonia  produced  from  the  coal.  In  this  way  the  acid  liquid  eventu- 
ally becomes  a  solution  of  ammonium  sulphate,  and  the  crude  sulphate 
obtained  by  evaporation  of  the  solution  is  sold  to  the  chemical  manufac* 
turers.  By  treating  this  crude  sulphate  with  slaked  lime  the  ammonia 
gas  is  evolved,  and  on  being  passed  into  water,  forms  the  commercial 
solution  of  ammonia. 

AQUA  AMMONIS— Ammonia  Water 

(Aq.  Ammon.) 

An  aqueous  solution  of  ammonia  [NHs  »  17.03]  containing  not  less  than  95. 
per  cent,  nor  more  than  10.5  per  cent,  by  weight  of  NHs.^  This  solution  deteriorates 
on  keepinff,  and  must  be  tested  freauently.  Preserve  it  in  a  cool  place  in  glass- 
stoppered  bottles  made  of  hard  glass  tree  from  lead. 

Summarized  Description, 

Colorless  liquid;  pungent  odor;  caustic,  alkaline  taste;  fumes,  when  brought  near 
concentrated  hydrocnlonc  acid;  sp.  gr.  0.958.    For  details  see  U.S.P.,  p.  53. 

For  tests  for  identity,  for  impiiriHes  (readily  oxidizable  matter,  heavy  metals,  non- 
volatile matter)  and  for  assay  see  U.S. P.,  p.  53  and  also  Part  V  oi  this  book. 

Dose. — 1  mil  (15  minims).     . 

AQUA  AMMONIS  FORTIOR— Stronger  Ammonia  Water 

(Aq.  Ammon.  Fort.) 

An  aqueous  solution  of  ammonia  [NHs  »  17.03]  containing  not  less  than  27  per 
cent,  nor  more  than  29  per  cent.,  by  weight,  of  NHi.  This  solution  deteriorates  on 
keeping,  and  must  be  tested  frequentlv.  Preserve  it  in  a  cool  place  in  partially  filled, 
strong,  glass-stoppered  bottles  made  of  hard  glass  free  from  leaa.  Great  caution  should 
be  used  in  handling  this  liquid. 

Summarized  Description, 

Colorless  liouid;  very  strong  odor;  very  caustic;  strongly  alkaline;  sp.  gr.  0.897. 
For  details  see  U.S.P.,  p.  54. 

For  tests  for  identity  and  for  impurities,  see  ammonia  water.  For  assay  see  U.S. P., 
p.  54  and  also  Part  V  of  this  book. 

Remarks. — It  will  be  seen  that  the  pharmacopoeia  recognizes  two 
strengths  of  ammonia  water — the  ordinary,  containing  about  10  per 
cent.,  by  weight,  of  ammonia  gas,  and'the  stronger  water,  which  contains 
about  2&  per  cent,  of  the  same  gas  and  represents  a  saturated  solution. 
Unfortunately,  as  is  usual  with  commercial  chemicals,  ammonia  is  not 
always  sold  by  percentage  of  anmaonia  gas,  but  by  the  arbitrary  marking 
of  degrees. 

The  "degrees"  mean  the  graduations  of  the  Baum^  scale  of  light 
liquids  (see  p.  50),  and  must  not  be  confounded  for  the  percentage. 
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Thus,  17°  ammonia,  largely  sold  by  wholesalers,  does  not  contain  17  per 
cent,  ammonia  gas,  but  represents  the  specific  gravity  0.953,  which  means 
only  11)^^  per  cent,  ammonia  gas. 

To  render  the  subject  still  more  vague,  some  wholesalers  substitute 
for  degrees  Baum6  arbitrary  markings  "F,''  "FF,"  "FFF,"  and  even 
'*FFFF."  Presumably  the  first  stands  for  "fortis"  (strong),  the  second 
for  "fortior"  (stronger),  and  the  third  for  "fortissimus"  (strongest). 
In  this  case  4  F  is  outdoing  the  superlative. 

When  ammonia  gas  is  run  into  water,  ammonium  hydroxide  is  pro- 
duced by  a  reaction  similar  to  that  just  cited  as  occurring  between  am- 
monia and  hydrochloric  acid.     The  reaction  is: 

NH,  +  HOH  =  NH4OH, 

the  valence  of  nitrogen  changing  from  iii  to  v  during  the  process. 

This  theory  is  disputed  by  Tommasi,  who,  from  physical  and  thermic 
experiments,  concluded  that  ammonia  water  is  simply  a  solution  of  NHs 
gas  in  water. 

Ammonia  water  (10  per  cent.)  is  called  spirit  of  hartshorn  because 
originally  made  by  the  destructive  distillation  of  the  horn  of  the  hart 
{Comu  cervi).  Regarding  the  stronger  ammonia  water,  containing  28 
per  cent,  of  anunonia  gas,  nothing  need  be  added  to  what  has  already 
been  said  on  p.  171. 

Spiritus  ammonifle  (U.S.P.  VIII).  or  spirits  of  ammonia^  is  an  alcoholic  solution  of 
ammonia  containing  10  per  cent,  of  tne  gas.  The  recipe  of  the  former  pharmacopoeia 
directed  that  the  gas  driven  off  from  stronger  ammonia  water  by  heat  be  passed  into 
sJcohol;  a  procedure  that  the  writer  found  both  cumbersome  and  useless;  since  it 
was  almost  impossible  to  so  obtain  a  10  per  cent,  product. 

LINIMENTUM  AMMONIS— Ammonia  Liniment 

This  will  be  discussed  among  the  soaps  on  p.  666. 

Liquor  ammonUe  anisatus  is  a  preparation  in  considerable  demand  in  German 
neighborhoods.     A  recipe  for  it  is  found  in  the  National  Formulary.     (See  p.  18.3.) 

AMMONIUM  SALTS 

Anmionium  salts  all  contain  the  radicle  NH4,  which  acts  very  much 
like  the  elements  sodium  and  potassium.  Thus,  while  the  formula  of 
sodium  bromide  is  NaBr,  so  the  formula  of  ammonium  bromide  is  NH4Br ; 
as  the  formula  of  pota^um  sulphate  is  K2SO4,  so  that  of  ammonium 
sulphate  is  (NH4)2S04. 

The  following  ammonium  salts  and  their  preparations  are  official: 

Solution  of  ammonium  acetate  containing  about  7  per 

cent NH4C,H80,. 

Ammoniiun  benzoate  98  per  cent,  absolute NJIiCrHfiOs. 

Ammonium  bromide  98.5  per  cent,  absolute NH4Br. 

Ammonium  carbonate  varying  proportions  of NH4HCO3  and  NH4NHSCO1. 

Aromatic  spirit  of  ammonia.     A  pharmaceutical. 

Ammonium  chloride  99.5  per  cent,  absolute NH4CI. 

Troches  of  ammonium  chloride.     A  pharmaceutical. 

Ammonium  iodide  99  per  cent,  absolute    NH4I. 

Ammonium  salicylate  98  per  cent,  absolute NH4C7H6OS. 

Ammonium  valerate  more  or  less  definite   NH4CfiH90t. 

LIQUOR  AMMONn  ACETATIS— Solution  of  Ammonium  Acetate 

(Liq.  Ammon.  Acet. — Spirit  of  Mindererus) 

An  aqueous  solution  containing  not  less  than  7  per  cent,  of  NH4C2HSO1  (77.07), 
with  small  amounts  of  acetic  and  carbonic  acids. 
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Condensed  Recipe, 

Dissolve  5  Gm.  ammonium  carbonate,  in  hard  translucent  pieces  in  100  mils  of 
diluted  acetic  acid.     For  details  see  U.S. P. 

Summarized  Description, 

Clear,  colorless  liquid,  mildly  saline,  acidulous  taste;  acid  reaction.  For  details 
see  U.S.P.,  p.  237. 

For  tests  jor  identity,  for  impurities  (non-volatile  matter)  and  for  assay  see  U.S. P., 
p.  237  and  also  Part  V  of  this  book. 

Remarks. — ^This  solution,  which  contains  about  7  per  cent,  of  the  salt, 
and  which  is  known  by  the  synonym  of  spirit  of  mindererus,  is  made  by 
adding  5  grammes  of  ammoniimi  carbonate  to  100  mils  of  diluted  acetic 
acid,  and  the  pharmacopoeia  directs  that  it  should  be  freshly  prepared 
when  desired.  The  object  of  directing  its  being  fresh  is  in  order  that  the 
product  will  reach  the  patient  in  a  sUghtly  efifervescent  form,  although 
the  pharmacist  must  be  careful  not  to  cork  the  bottle  while  there  is 
sufficient  efifervescence  to  produce  an  explosion.  The  pharmacopoeia  of 
1880  directed  a  more  convenient  process  of  manufacture  by  ordering  the 
ammonium  carbonate  to  be  dissolved  in  water  and  acetic  acid  be  diluted 
with  sufficient  water,  so  that  by  mixing  equal  quantities  of  the  two  solu- 
tions a  7  per  cent,  solution  of  ammonium  acetate  will  be  produced.  It 
seems  unfortunate  that  this  very  convenient  and  simple  process  was 
dropped. 

Solution  of  ammonium  acetate  is  a  refreshing  refrigerant. 

Dose. — 15  mils  (4  fluidrachms). 

AMMONII  BENZOAS— Ammonium  Benzoate 

(Ammon.  Benz.) 

It  contains,  when  dried  for  twenty-four  hours  in  a  desiccator  over  sulphuric  acid, 
not  less  than  98  per  cent,  of  NH4C7H«Oj  or  C»H8COONH4  (139.08).  Preserve  it  in 
well-closed  containers  in  a  cool  place. 

Summarized  Description, 

Thin,  white,  laminar  crystals  or  crystalline  powder;  loses  ammonia  on  exposure  to 
air;  bitter  saline,  then  acrid  taste;  soluble  in  about  10  parts  of  water,  in  about  29 
parts  of  alcohol  and  in  about  10  piarts  of  glycerin ;  dissociates  on  heating  with  ammonia 
and  benzoic  acid,  which   volatilize.     For  details  see   U.S.P.,  p.  42. 

For  tests  for  identity ,  for  impurities  (heavy  metals)  and  for  assay  see  U.S.  P.,  p.  43 
and  also  Part  Y  of  this  hook. 

Remarks. — ^This  oflScial  is  made  by  treating  anunonia  water  with  a 
molecular  quantity  of  benzoic  acid.  There  must,  however,  be  a  slight 
excess  of  ammonia,  as  the  acid  benzoate  is  less  soluble  than  the  official 
salt.  It  occurs  in  four-sided  crystals,  soluble  in  ten  parts  of  water,  and 
is  used  as  a  diuretic. 

Dose. — 1  gramme  (15  grains). 

AMMONII  BROMIDITM— Ammonium  Bromide 

(Ammon.  Brom*) 

It  contains,  when  dried  to  constant  weight,  at  lOO^C.  not  less  than  98.5  per  cent, 
of  NH4Br  (97.96).     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Colorless,  hygroscopic,  prismatic  crystals  or  white,  granular  powder;  pungent,  saline 
taste;  soluble  in  about  1.3  parts  of  water  and  in  about  9.7  parts  of  alcohol;  volatilizes 
on  heating.     For   details   see  U.S.P.,  p.  43. 

For  tests  for  identity,  for  impurities  (iodide,  bromate,  iron,  barium,  sulphates,  heav^ 
metals,  non-volatile  matter),  and  for  assay  see  U.S.P.,  p.  43  and  also  Part  V  of  this 
book. 
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Remarks. — ^This  salt  is  made  in  several  ways:  first,  by  treating  the 
ammonium  sulphate  with' potassium  bromide,  and  precipitating  out  the 
potassium  sulphate  thus  formed,  by  the  addition  of  alcohol;  secondly,  by 
treating  ferrous  bromide  with  ammonia  water,  and  filtering  the  resulting 
ferric  hydrate,  and  concentrating  the  filtered  solution  of  ammonia  bro- 
mide. Dr.  Filers  process  is  by  treating  bromine  with  ammonia  water,  as 
shown  in  the  following  equation: 

6Br  +  8NH,  =  6NH4Br  +  N,. 

The  bromine  must  be  placed  in  a  stone  jar,  with  four  times  its  weight 
of  water,  the  ammonia  gas  being  added  very  gradually  to  the  mixture 
until  the  solution  is  free  from  the  odor  of  bromine.  Too  much  stress 
cannot  be  laid  on  the  care  required  in  adding  ammonia  water,  as  the  rapid 
addition  of  ammonia  may  result  in  the  formation  of  a  very  explosive 
nitrogen  bromide  (NBrs). 

Ammonium  bromide  is  used  as  a  hypnotic. 

Dose. — 1  gramme  (15  grains). 

AMMONn  CARBONAS— Ammonium  Carbonate 

(Axnmon.  Carb.) . 

It  consists  of  varying  proportions  of  a  mixture  of  acid  ammonium  carbonate 
[NH4HCO8  =  79.05]  and  ammonium  carbamate  [NH4NH2CO,=  78.07],  and  yields- 
not  less  than  30  per  cent,  nor  more  than  32  per  cent,  of  NH3.  Preserve  it  in  well 
closed  containers  in  a  cool  place.  For  medicinal  purposes,  use  only  the  translucen 
portions. 

Summarized  Deacripiion. 

White,  hard,  stnated,  translucent  masses;  ammoniacal  odor  and  taste;  exposed  to 
air,  loses  both  ammonia  and  carbon  dioxide,  effloresces  and  falls  to  a  white  powder; 
volatilizes  without  charring,  soluble  in  about  4  parts  of  water;  decomposea  by  hot 
water.    For  details  see  U.S. P.,  p.  44. 

For  tests  for  iderUity,  for  impurities  (heavy  metals,  sulphate,  thiosulphate.  chloride 
empyreumatic  matter),  and  for  aesay  see  U.S.P.,  p.  44  and  also  Part  Y  of  tnis  book. 

Ammonium  carbancUe  is  not  a  true  carbonate,  the  formula  of  which 
would  be  (NH4)2C08,  analogous  to  Na2C08.  The  official  salt  is  the 
combination  of  ammonimn  bicarbonate  (NHOHCOs  (analogous  to 
NaHCOa),  with  ammonium  carbamate.  This  carbamate  is  a  complex 
substance,  the  derivation  of  which  is  here  given  as  a  matter  of  general 
interest. 

Let  us  place  side  by  side  the  graphic  formulas  of  carbon  dioxide,  car- 
bonic acid,  and  urea,  a  constituent  of  the  urine,  which  has  historic  inter- 
est as  the  first  organic  substance  that  was  made  synthetically: 


Carbon  dioxide  Carbonic  acid  Urea 

CO,  HiCOs  C0(NH2)i 

O  />  =  O 

-  NHj 

-  NH, 


C  =  B  Ci8i  C 


Carbamic  add  is  half-way  between  carbonic  acid  and  urea,  its  graphic 
formula  being — 

-O 
-OH 
-  NHj 


c 


or  HNH2C.O2.    Therefore,  ammonium  carbamate  is  NH4NH2C02. 

This  is  the  first  carbonate  we  have  discussed  that  deviates  from  the 
theoretic  formula,  such  as  can  be  developed  by  the  method  given  on  p. 


V 
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362.  We  find,  however,  that  there  are  several  other  official  carbonates 
that  are  irregular  as  to  formulas,  and  among  them  may  be  cited  the  carbon- 
ates of  magnesium,  zinc,  and  bismuth. 

The  official  ammonium  carbonate  can  be  converted  into  the  true 
carbonate  by  dissolving  in  water  containing  ammonia. 

If  we  take  ammonium  bicarbonate NH4HCO3 

and  add  to  it  ammonia NHs 

we  get  neutral  ammonium  carbonate (NH^jCOa 

Likewise,  if  we  take  ammonium  carbamate. . .     NH4NH2CO2 
and  add  to  it  water Ha  O 

we  get  neutral  ammonium  carbonate NH4NH4CO8 

or  (NH4)2CO,. 

Official  ammonium  carbonate  can  also  be  considered  as  (NHs)s(COs)sy 
H2O. 

Ammonium  carbonate  is  prepared  by  subliming  a  mixture  of  crude 
ammonium  sulphate  with  calcium  carbonate.  It  is  interesting  to  note 
that  attempts  to  prepare  same  by  aqueous  crystallization  have  never 
met  with  success,  hence  attempts  to  restore  effloresced  ammonium  car- 
bonate by  crystallization  are  futile. 

Ammonium  carbonate  is  a  stimulant  of  particular  value  in  diseases 
affecting  the  pulmonary  mucous  membrane,  and  hence  it  is  used  in 
pneumonia. 

Dose, — 300  milligrammes  (6  grains). 

SPIBITnS  AMMONLB  AROMATICUS— Aromatic  Spirit  of  Ammonia 

(Sp.  AmmoxL  Atom.) 

Condensed  Recipe. 

IngredienU, — Translucent  ammonium  carbonate,  34  Gm.;  ammonia  water,  90 
mils;  oils  of  lemon,  lavender  and  nutmeg;  alcohol,  700  mils;  distilled  water  enough  to 
make  1000  mils. 

Manipidation, — Dilute  the  ammonia  water  with  140  mils  of  water,  dissolve  therein 
the  carbonate  and  let  stand  for  twelve  hours.  Dissolve  the  oils  in  the  alcohol,  then 
add  the  carbonate  solution  and  enough  water  to  make  1  liter.  Let  stand  twenty-four 
hours  and  then  filter.     For  details  see  U.S. P. 

Summarized  DescrivHon, 

Colorless  when  fresh,  yellow  when  older;  ammoniacal  odor  and  taste;  sp.  gr., 
0.900.     For  details  see  U.S.P.,  p.  405. 

Remarks. — In  making  this  preparation  ammonia  water  is  added  to 
the  official  ammonium  carbonate,  and  this  means  adding  ammonia  to  the 
bicarbonate  and  water  to  the  carbamate;  in  other  words,  the  solution  of 
the  official  carbonate,  in  water  containing  ammonia,  converts  that  mixed 
salt  into  the  true  carbonate,  as  shown  above.  This  ammoniacal  solution 
of  the  true  carbonate  is  added  to  an  alcoholic  solution  of  the  volatile  oils 
of  lemon,  lavender  flowers,  and  nutmeg.  But  the  conversion  of  the 
bicarbonate  and  carbamate  of  the  official  salt  into  the  true  carbonate 
occurs  completely  only  when  the  official  salt  is  in  "translucent  pieces," 
as  directed  by  the  pharmacopoeia.  Translucent  means  mtermediate 
between  transparent  and  opaque.  One  cannot  see  through  a  translucent 
substance  as  one  can  through  a  pane  of  glass,  but  some  light  passes 
through  the  substance.  Ground  glass  or  thin  pieces  of  horn  are  good 
examples  of  translucent  substance.    Examination  of  ammonium  carbon- 
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ate  will  show  that  it  is  hard  to  keep  it  in  translucent  pieces,  the  lumps 
become  covered  with  white  powder,  which  is  wholly  ammonium  bicarbon- 
ate; that  is,  the  carbonate  gradually  changes  into  the  bicarbonate  by  the 
loss  of  ammonia  and  the  absorption  of  moisture  from  the  air.  So  eventu- 
ally the  entire  mass  of  a  sample  of  official  carbonate  will  be  converted 
into  the  bicarbonate,  falling  to  a  powder. 

What  happens  when  we  try  to  use  such  effloresced  carbonate — ^really 
bicarbonate— in  the  aromatic  spirit?  The  anunonia  water  directed  by 
the  official  process  is  only  sufficient  to  convert  the  theoretic  quantity  of 
bicarbonate  contained  in  the  official  salt  into  normal  carbonate,  while 
the  balance  of  the  bicarbonate,  which  would  have  been  carbonate  were 
the  salt  in  translucent  pieces,  dissolves  unchanged.  So  far,  good!  but  the 
evil  effects  come  when  we  begin  to  add  the  aqueous  solution  to  the  alco- 
holic solution.  The  carbonate  is  soluble  in  alcohol,  the  bicarbonate  is 
not,  and  if  the  aqueous  solution  contains  any  bicarbonate,  the  latter  will 
be  precipitated  so  soon  as  its  solution  is  added  to  the  alcoholic  Uquid. 

Aromatic  spirit  of  ammonia,  when  freshly  prepared,  is  colorless,  but 
on  standing  it  gradually  becomes  dark,  eventually  turning  to  an  amber 
tint.  This  darkening  has  been  ascribed  to  some  chemical  action  between 
the  oils  which  are  used  and  the  alkali.  The  pharmacist  should  prepare 
his  customer  for  any  change  in  the  color  of  the  two  samples  of  this  or 
any  other  preparation  when  a  prescription  for  the  same  is  repeated.  In 
this  special  case  it  is  better  to  dispense  an  aromatic  spirit  of  ammonia 
which  has  aged  sufficiently  to  be  somewhat  colored.  At  any  rate,  a 
pharmacist  should  never  let  a  customer  obtain  a  preparation  of  a  color 
different  from  that  of  the  first  sample  without  calling  the  customer's 
attention  to  the  difference  in  coloration  and  giving  the  reason  for  same. 

Dose. — 2  mils  (30  minims). 

AMMOim  CHLORlDnM— Ammonium  Chloride 

(AmmoxL  Chlor.) 

It  contains,  when  dried  to  constant  weight  at  lOO^C.  not  less  than  09.5  per  cent, 
of  NH4CI  (53.60) 

Summarized  Description, 

White,  granular  powder;  cooling  saline  taste:  somewhat  hygxx)scopic;  soluble  in 
about  2.6  parts  of  water,  in  about  82  parts  of  alconol  and  in  about  10  parts  of  glycerin; 
volatilizes  on  heating.    For  details  see  U.S.  P.,  p.  45. 

For  tests  for  identity ,  for  tmptirities  (heavy  metals,  suli>hocyanate,  non-volatile 
matter)  and  for  assay  see  U.S.P.y  p.  45  and  also  Pftrt  V  of  this  book. 

Remarks. — ^This  salt  is  the  oldest  of  the  anmionium  compounds,  and 
in  fact,  the  word  anmionia  was  derived  from  its  synon3rm,  sal  ammoniac. 
Legena  tells  us  sal  ammoniac  was  first  prepared  in  the  Lybian  desert 
near  the  temple  of  Jupiter  Ammon,  and  for  this  reason  it  was  called  sal 
ammoniac.  ^ 

Recent  investigators,  however,  claim  that  the  sal  ammoniac  of  Hero* 
dotus  and  Pliny  was  nothing  but  common  salt,  and  that  the  first  reference 
to  ammonium  chloride  is  found  in  writings  of  Geber  (eighth  century), 
in  the  Latin  translations  of  which  book  it  is  called  sal  armoniac. 

Ammonium  chloride  is  made  by  subliming  ammonium  sulphate  with 
common  salt.  According  as  the  apparatus  is  arranged  to  collect  the 
vapors  in  a  dome  or  in  a  vessel  at  one  side  we  obtain  the  ammonium 
chloride  in  the  form  of  a  cake  or  in  a  fine  powder.  (See  Sublimation, 
p.  108.)    Since  sublimation  is  usually  carried  on  in  iron  vessels,  com- 
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mercial  ammonium  chloride  frequently  contains  traces  of  iron.  These 
can  be  removed  by  treating  the  solution  with  ammonia  water  and  granu- 
lating the  filtrate.  At  present  a  large  amount  of  ammonium  chloride  is 
made  by  subliming  a  crude  chloride,  obtained  by  passing  illuminating- 
gas  (p.  450)  through  hydrochloric  instead  of  sulphuric  acid.  Commercial 
sal  £lmmoniac  is  in  the  form  of  white,  translucent,  tough  cakes,  about 
two  inches  thick,  convex  on  one  side  and  concave  on  the  other,  being 
formed  as  a  crust  in  the  dome  of  the  subliming  apparatus.  The  official 
ammonium  chloride  is  a  white,  crystalline  powder,  permanent  in  the  air, 
and  soluble  in  three  parts  of  water,  but  almost  insoluble  in  alcohol. 
This  crystalline  powder  is  obtained  usually  by  granulation. 

The  ammonium  chloride,  as  just  mentioned  above,  is  quite  volatile, 
and  its  vapors  cause  red  Utmus-paper  to  turn  blue,  and  blue  litmus-paper 
to  turn  red.  Such  substances  as  convert  both  colors  of  litmus-paper  to 
the  opposite  colors  are  termed  amphoteric.  In  the  case  of  the  sal  ammo- 
niac this  phenomenon  has  been  used  as  the  basis  of  the  claim  that 
ammonium  compounds  are  not  definite  compounds,  but  merely  combi- 
nations of  ammonia  gas  with  the  corresponding  acid. 

Ammonium  chloride  is  a  valuable  stimulant  and  expectorant,  and 
its  vapor  is  frequently  used  as  an  inhalant  in  bronchial  troubles,  and 
numberless  inhalers  have  been  devised  for  its  administration.  In  most 
cases  their  principle  of  action  is  the  sucking  into  the  nose  or  throat  of 
air  which  has  passed  through  hydrochloric  acid  and  ammonia,  and  which 
is  thus  charged  with  ammonium  chloride. 

Dose. — 300  milligrammes  (5  grains). 

Ammonium  citrate  can  be  made  by  treating  ammonium  carbonate  or  ammonia 
water  with  citric  acid.  A  recipe  for  solution  of  ammonium  citrate  is  given  in  the 
National  Formulary. 

AMMONII  lODIDlTM— Ammonium  Iodide 

(Ammon.  lod.) 

It  contains,  when  dried  to  constant  weight  at  110°C.,  not  less  than  99  per  cent,  of 
NH4I  (144.96).     Preserve  it  in  small,  well-closed  containers,  protected  from  light. 

Summarized  Description, 

Minute,  colorless,  hygroscopic  cubical  crystals  or  white  granular  powder;  sharp 
saline  taste;  turns  yellow  to  brown  on  exposure  to  air,  decomposing  mto  ammonia 
and  iodine;  soluble  in  0.6  part  of  water,  in  about  3. parts  of  alcohol  and  in  about  2 
parts  of  glycerin.     For  details  see  U.S.P.,  p.  45. 

For  tests  for  identity f  for  impurities  (barium,  iron,  free  iodine,  heavy  metals)  and 
for  assay  see  U.S. P.,  p.  45  and  also  Part  V  of  this  book. 

Remarks. — This  official  is  made  by  treating  the  ammonium  sulphate 
with  potassium  iodide,  as  shown  in  the  following  equation: 

(NH4)2S04     +    2KI     =     K,S04     +    2NH4I. 

The  resulting  potassium  sulphate  is  separated  from  the  ammonium 
iodide  by  precipitation  with  alcohol.  It  might  be  well  here  to  refer  to 
the  ingenuity  exercised  in  attempts  by  the  manufacturing  chemist  to 
remove  the  by-products  from  the  chemical  desired.  It  will  be  noticed 
that,  whenever  possible,  the  chemist  arranges  that  the  by-product  be  an 
insoluble  salt  when  the  product  desired  is  soluble.  This,  for  instancei 
is  shown  in  the  manufacture  of  the  solution  of  soda  (p.  987).  When 
the  product  desired  is  insoluble,  then  the  manufacturer  aims  to  make  the 
by-product  a  soluble  body.  This  is  shown  in  the  manufacture  of  calcium 
carbonate  (p.  d93). 


LITHIUM  AND   AMMONIUM  457 

.  Ill  one  case  the  soluble  body  is  freed  from  the  insoluble  body  by  filtra^ 
"^^on;  Ln  the  other  case,  the  insoluble  substance  is  freed  from  the  soluble 
s^^de-product  by  Ivashing.  But  as  the  formation  of  an  insoluble  side- 
P^'odxi.et  is  sometimes  difficult,  as  was  shown  in  the  case  of  the  manu- 
facture of  hydrobromic  acid,  recourse  was  had,  in  the  Fothergill  process, 
^o  the  sparing  solubility  of  potassium  bitartrate,  and  into  this  salt  was 
"J^e  potassium  bromide  converted  by  use  of  tartaric  acid.  In  hydro- 
wotnic  acid  we  have  a  product  which  can  be  separated  from  the  side- 
product  by  distillation,  and  in  the  commercial  process  distillation  is  em- 
ployed, but  in  the  case  of  the  ammonium  iodide  none  of  the  schemes  of 
separation  just  described  is  applicable,  it  being  impracticable  to  form  an 
insoluble  or  sublimable  potassium  salt,  so  recourse  is  had  to  the  solubility 
of  the  ammonium  iodide  in  alcohol  and  the  comparative  insolubility  of 
potassium  sulphate  in  the  same  liquid.  Hence  the  aqueous  solution  of 
"tVie  two  salts  is  concentrated,  alcohol  is  added,  and  the  mixture  cooled, 
aiid  after  the  potassium  sulphate  has  separated,  the  hydro-alcoholic  solu- 
tion of  ammonium  iodide  is  filtered  and  rapidly  granulated  by  evaporation 
on  a  water-bath. 

Ammonium  iodide  has  the  form  of  minute  cubic  crystals  or  white 
gi'i^nular  powder,  very  rapidly  becoming  yellowish  or  yellowish  brown, 
du-^  to  the  loss  of  ammonium  and  the  separation  of  free  iodine.  So  weak 
^8  the  combination  of  the  ammonium  and  the  iodine  that,  during  the 
Pr^Dcess  of  evaporation,  the  iodine  becomes  liberated,  and  it  is  necessary 
to  add  anunonia  water  or,  better,  ammonium  sulphide,  from  time  to  time. 
It  is  said  that  ammonium  iodide  can  be  preserved  in  its  original  white 
^5olor  by  hanging  down  into  the  bottle  from  its  neck  a  cheese-cloth  bag 
^^^^oitaining  a  lump  of  ammonium  carbonate. 

Ammonium  iodide  is  used  as  a  resolvent.  When  dispensed  for  in- 
^^:TOal  use,  the  pharmacist  should  be  careful  to  see  that  the  product  is 
F^^loriess,  and  if  brown,  to  bleach  with  ammonium  sulphide,  as  directed 
*^  the  pharmacopoeial  definition  given  above. 

Dose. — 300  milligrammes  (5  grains). 

Ammomi  nitras  (U.S. P.  1890)  or  ammonium  nitrate  was  first  made  by  Glauber 
v.X^7)  by  treating  nitric  acid  with  spirit  of  hartshorn. 

It  is  now  usually  made  by  treating  ammonium  carbonate  with  nitric  acid  and 
?"»^stalli2ing  by  evaporation  of  the  solution.  It  occurs  in  colorless  crystals,  soluble 
V*^  five  parts  of  water,  and,  like  all  ammonium  compounds,  is  easily  sublimed.  It  is 
^^^^erestmg  to  note  that  when  exposed  to  a  current  of  dry  ammonia  gas  its  crystals 
"^tworb  the  gas  and  melt,  yielding  eventually  a  crystalline  mass  containing  25  per 
fcnt.  of  ammonia. 


Its  chief  use  is  in  the  formation  of  laughing-gas,  N2O,  which  is  yielded  by  heating 
«Jie  salt  in  a  retort. 

.  It  is  interesting  to  note  that  if,  instead  of  the  nitrate,  ammonium  nitrite  is  heated, 
nitrogen  is  produced. 

Let  us  put  the  equations  side  by  side: 

NH4N0a     +     heat     -     2H2O     +     N,0, 
NH4N0a     +     heat     =     2H,0     +     N,. 

AMMONn  SALICYLAS— Ammonium  Salicylate 

(Anunon.  Salicyl.) 

It  contains,  when  dried  for  twenty-four  hours  in  a  desiccator  over  sulphuric  acid, 
notleasthan  98per  cent,  of  NH4C7H*08  or  C6H4(OH)COONH4  (155. 08).  Preserve 
It  m  well-closed  contamers,  protected  from  heat  and  light. 

Summrized  Descriptum, 

Colorless,  lustrous,  monoclinic  prisms  or  white  crystalline  powder;  saline  and 
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bitter,  then  sweetish  taste:  soluble  in  about  1  part  of  water  and  in  about  2.5  parts  of 
alcohol.     For  details  see  U.S. P.,  p.  46. 

For  tests  for  iderUUy  and  for  impurities  (heavy  metals)  see  U.S. P.,  p.  46  and  also 
Part  V  of  this  book. 

Remarks. — ^This  official,  made  by  neutralizing  ammonia  water  with 
salicylic  acid  and  either  crystallizing  or  graniSating  the  solution  by 
evaporation  on  water-bath,  is  preferred  by  some  physicians  to  sodium 
salicylate. 

Dose. — 500  milligrammes  (8  grains). 

AMMOim  VALERAS— Ammonium  Valerate 
(AmmoxL  Valer. — Ammonium  Valerianate) 

A  compound  of  ammonium  and  valeric  acid  having  a  somewhat  varying  com- 
position.    Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Colorless,  deliquescent,  quadrangular  plates;  valerian  odor;  sharp,  sweetish  taste; 
soluble  in  about  0.3  part  ot  water  and  in  about  0.5  part  of  alcohol;  volatilized  on  heat- 
ing.   For  details  see  U.S. P.,  p.  47. 

For  tests  for  identity,  for  impurities  (acetate,  heavy  metals)  and  for  assay  see  U. 
S.P.,  p.  47  and  also  Part  V  of  this  book. 

Remarks. — ^This  preparation,  which  is  supposedly  NH4C6H»02  but 
which  is  frequently  of  variable  composition,  is  made  by  passing  dry  am- 
monia gas  into  monohydrated  valerianic  (or  valeric)  acid.  In  the  manu- 
facture of  this  product  it  is  very  important  to  secure  the  proper  valerianic 
acid.  As  noted  on  p.  671,  most  of  the  commercial  acid  is  that  containin|^ 
three  molecules  of  water,  and  this  acid  will  not  yield  a  satisfactory 
ammonium  salt. 

Ammonium  valerate  occurs  in  snow-white,  foiu'-sided,  tabiilar  crys- 
tals, having  the  characteristic  odor  of  valeric  acid,  and  a  sharp,  sweetish 
taste.    It  is  used  as  a  sedative  in  hysteria. 

Dose. — 600  milligrammes  (8  grains). 

Ammonium  sulphate,  (NH4)iS04. — ^Ammonium  suli>hate  was  recccnized  in  the 
pharmacopoeia  of  1880,  and  deserves  merely  passing  notice.  As  alreacnr  mentioned, 
It  is  made  in  large  quantity  from  ammoniacal  hquor  of  eas-works,  and  is  the  com- 
mercial source  of  ammonia  compounds.  It  can  be  maae  by  combining  ammonia 
water  with  sulphuric  acid,  as  explained  in  Part  VII. 

Ammonium  phosphate,  K.  F.  (NH4)tHP04,  was  another  official  salt  of  the  pharma- 
copoeia of  1880.  It  is  made  by  treating  phosphoric  acid  with  ammoxua  water.  A 
modification  of  this,  the  double  salt  of  ammonium  and  sodium  phosphate,  NH4Na- 
HPO4,  is  used  in  chemical  work  under  the  name  microcosmic  salt  or  ^*  PhospkorsaU." 
This  salt,  when  melted  on  the  loop  of  platinum,  forms  a  transparent  bead,  similar 
to  the  borax  head,  and  when  various  metallic  salts  are  melted  therein,  it  assumes 
characteristic  colors. 

Another  unofficial  ammonium  compound  largely  used  in  chemical  work  is  the 
so-called  ammonium  sulphide.  This  is  more  properly  called  ammonium  sulphydrate, 
as  the  reagent  used  in  precipitation  in  chemical  work  usually  has  the  composition 
NH4HS.  However,  the  composition  of  this  reagent  varies,  some  samples  containing 
a  large  excess  of  sulphur,  and  containing  such  bodies  as  (NH4)^4,  (NH4)sSs,  ana 
(NH4>S7. 

This  test  solution  is  made  by  saturating  ammonia  water  with  hydrogen  sulphide 
gas. 
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Liihium  Bromide.— (Manufacture)  Yvon,  Ph.  Jl.,  [3],'  6,  1876,  221. 

Lithium  CarbonaU. — (Manufacture)  Scnieffelin  and  Cappon,  Jl.  Soc.  Ch.  Ind., 
27,  1908,  549. 

Ammonittm.— (Structure)  Smith,  A.Ph.A.,  6d,  1908>  284;  Werner,  A.,  322, 
1902.  276;  Meyer  and  Lecco,  A.,  180,  1876,  173. 

Ammonia — (History)  Trenmann,  Ch.  Zt.,  33,  1909,  49.  (Manufacture)  Anon., 
Ph.  Jl.,  13,  1863,  29,  63  and  113;  Bemthsen,  8th  Int.  Cong.  App.  Ch.,  28,  1912,  182. 
(Tests)  Nessler,  Zt.  analyt.  Ch.,  7,  1868,  415. 

Ammonium  Hydroxide, — (Structure)  Tommasi,  Comp.  rend.,  98,  1884,  812. 

Solution  of  Ammonium  AcetaU,—Fi\e,  A.Ph.A.,  14,  1866,  226. 

Ammonium  Bromide, — (Manufacture)  Pile,  A.rh.A.,  22,  1874,  434;  Rice, 
A.J.P.,  45,  1873,  249. 

Ammonium  Carbonate, — (Composition   and   efflorescence)     Divers,    Ch.    News, 

22,  1870,  73  and  85;  Vogler,  Zt.  analyt.  Ch.,   17,  1878,  461;  Mclntyre,  A.Ph.A., 

23,  1876,  607. 

Aromatic  Spirit  of  Ammonia. — (History)  James,  Pharmacopoeia  Universalis, 
1752,  475.  (Chemistnr)  Brown,  Proc.  Ky.  Ph.  A.,  36,  1912,  136;  Tichbome,  Ph. 
Jl.  [2],  1,  1859,  16.     (Uses)  England,  A.Ph.A.,  49,  1901,  180. 

Ammonium  Chloride, — (History)  lippmann,  Ch.  Zt.,  33,  1909,  117.  (Manufac- 
ture) Dubosc  and  Heuzy,  Am.  Dr.,  19,  1890,  168. 

Ammonium  Iodide, — (Manufacture)  Babcock,  A.Ph.A.,  14,  1866,  245. 

Ammonium  iViira/c— Lloyd,  Am.  Dr.,  16,  1887,  101. 

Ammonium  Valerate, — (Manufacture)  Procter,  A.J.P,,  29,  1857,  27;  Crew,  A.J.P., 
32,  1860,  109;  Hager,  A.Ph.A.,  28,  1880,  134. 

Ammonium  Sulpnide, — (Composition)  Bloxam,  Jl.  Ch.  Soc.,  67,  1895,  277. 


CHAPTER  XXVIII 

THE  ALKALINE  EARTH  METALS 

The  four  elements,  magnesium,  calcium,  strontium,  and  barium,  are 
called  alkaline  earth  metak  because  their  oxides,  MgO,  CaO,  SrO,  and 
BaO,  were  called  alkaline  earths  by  early  investigators — alkaline,  because 
they  turned  red  litmus  blue,  as  do  the  alkalis,  and  earths,  because  differ- 
ing from  the  alkalis  in  being  found  abundantly  on  the  crust  of  the  earth. 

In  passing  from  the  alkalis — ^lithium,  sodium,  potassium,  and  am- 
monium— to  the  alkaline  earths — magnesium,  calcium,  strontium,  and 
barium — ^we  not  only  pass  into  a  new  anal3rtic  group  of  metals,  but  also 
a  group  the  valence  of  which  is  different. 

The  alkalis  exhibit  the  valence  i;  that  is,  one  atom  of  an  alkali  metal 
replaces  one  atom  hydrogen  in  an  acid,  or  in  combining  directly  with  a 
negative  element,  takes  up  but  one  atom  of  that  element's  free  bonds. 
The  alkaline  earths  are  bivalent — can  replace  two  atoms  of  hydrogen  in 
an  acid.  Thus,  stud3ring  the  formula  of  magnesium  acetate,  since  one 
molecule  of  acetic  acid,  HCgHsOs,  contains  only  one  atom  of  replaceable 
hydrogen,  two  molecules  of  the  acid  will  be  required  to  furnish  the  two 
atoms  of  hydrogen  demanded  by  one  atom  of  magnesium,  and  the  union 
will  be  as  follows: 

M8  + 18:1:8:  ^^^^  ^^  <c:h;8:  °^  ^^  (c.h.o,).. 

Again,  bromine,  having  the  valence  i,  and  calcium,  the  valence  ii,  unite 
as  follows: 

P^J    CaBr,. 

while  sulphuric  acid,  H2SO4,  with  two  replaceable  hydrogen  atoms,  com- 
bines with  barium  Uke  this: 


Ca 
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OH  f^ O m\ 

Hh  '  ■^•'"  Si^Ba 

(H2SO4)  (BaS04) 

MAGNESIUM 
Symbol,  Mg.    Atomic  weight,  approximately  24. 

In  the  beginning  of  the  eighteenth  century  a  secret  remedy  was  intro- 
duced under  the  name  of  "magnesia  alba,"  thus  differentiating  it  from 
the  already  popular  magnesia  nigra,  which  is  now  known  as  the  ore 
pyrolusite  (manganese  dioxide)  (p.  485).  A  recipe  for  this  magnesia  alba 
was  published  by  Valentinus,  of  Giessen,  in  1707,  who  obtained  it  by 
evaporation  of  the  mother  liquor  from  saltpeter,  and  lixiviation  of  the 
calcined  residue. 

Before  this,  magnesium  sulphate  was  described  by  Nehemiah  Grew, 
having  been  obtained  by  him  by  evaporation  of  the  water  of  the  Epsom 
spring. 

Neither  of  these  writers  touched  upon  the  composition  of  the  two 
compounds,  magnesium  oxide  and  magnesium  sulphate,  and  the  chemical 
history  of  magnesium  really  begins  with  the  investigation  of  Black  (1755), 
who  proved  that  magnesium  carbonate  or  magnesite  was  different  from 
calcium  carbonate  or  limestone.  The  metal  was  first  isolated  by  Sir 
Humphry  Davy  in  1808,  during  his  classic  researches  in  electrplysis. 
In  1856  St.  Clair  Deville  devised  the  chemical  method  for  the  isolation 
given  below. 

The  chief  ores  of  magnesium  are  the  magnesite,  just  mentioned 
(magnesium  carbonate)  dolomite,  a  mixed  carbonate  of  magnesium  and 
calcium;  carnaUite,  a  mixture  of  potassium  and  magnesium  chloride. 
(See  p.  407.)  Aside  from  these  ores,  from  which  the  magnesium  com- 
pounds used  in  pharmacy  are  generally  derived,  there. are  several  mag« 
nesium  minerals  which  are  of  interest  other  than  pharmaceutic.  Thus 
serpentine,  a  green  stone,  much  used  in  building,  is  magnesium  silicate, 
as  is  also  talcum  (French  chalk),  and  meerschaum,  well  known  as  the  sub- 
stance of  which  the  best  pipes  are  made;  asbestos  is  a  mixed  silicate  of 
magnesium  and  calcium. 

The  chemical  method  of  isolation  of  magnesium  mentioned  above  is 
by  heating  magnesium  chloride  with  metalUc  sodium,  sodium  chloride 
and  calcium  fluoride  being  added  to  the  reacting  mixture  as  a  flux — ^that 
is,  as  an  agent  to  remove  contaminations  in  the  form  of  a  fusible  mass. 
It  is  now  made  by  the  electrolysis  of  molten  magnesium  chloride  in  an 
atmosphere  of  hydrogen  or  nitrogen. 

Magnesium  is  a  light,  silvery-gray  metal,  with  the  specific  gravity 
of  1.75,  and  usually  enters  commerce  in  the  form  of  rods  or  of  thin  ribbon. 
While  affected  by  the  air,  it  does  not  react  with  the  same  as  violently  as 
do  the  alkaline  metals.  Hence  it  is  unnecessary  to  keep  it  under  petro- 
leum, as  was  the  case  with  sodium  and  potassium.  When  magnesium 
is  brought  into  contact  with  a  flame,  it  becomes  incandescent  (p.  67) 
and  burns  with  a  brilliant  white  light,  with  the  formation  of  magnesium 
oxide.  This  property  is  made  use  of  in  the  magnesium  lantern  for  the- 
atrical purposes,  in  which  case  the  magnesium,  in  the  form  of  ribbons,  is 
allowed  to  bum  at  the  point  of  contact  of  an  oxyhydrogen  flame.  Flash- 
light consists  of  magnesium  in  finely  powdered  form,  mixed  with  powdered 
potassiimi  chlorate.     This  mixture,  when  blown  into  a  flame,  ignites 
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instantaneously,  producing  a  brilliant  illumination,  and  is,  therefore^ 

largely  used  for  photographic  purposes.     It  should  be  borne  in  mind 

that  flash-light  is  a  substance  by  no  means  free  from  danger,  and,  in  fact, 

should  be  handled  with  considerable  caution.     Several  fatal  accidents, 

du^  to  the  careless  handling  of  flash-light,  are  on  record,  one  of  the  most 

77(7 -table  being  the  killing  of  three  men  in  the  laboratory  of  Wiley  and 

Wsallace,  in  Philadelphia. 

Among  the  tests  for  magnesium  are:  flocculent  precipitate  of  mag- 
ne  ^um  hydroxide,  produced  when  potassium  hydroxide  is  added  to  a 
solution  of  a  magnesium  salt,  and  the  white  precipitate  of  magnesium 
cjLxbonate,  produced  when  the  soluble  carbonate  is  added  to  the  solution 
ol    magnesium  salt.    The  most  characteristic  test,  however,  is  the  granu- 
\ax  precipitate  of  magnesium  ammonium  phosphate,  produced  when  a 
solution  of  sodium  phosphate  and  ammonia  water  is  added  to  a  solution 
of  magnesium  salt.     In  the  manufacture  of  the  salts  of  magnesium  the 
carbonate  is  usually  employed  as  a  magnesium  compound.     The  follow- 
ing compounds  of  magnesium  and  their  preparations  are  official: 

Magnesium  oxide,  96  per  cent,  absolute  MgO. 
Heavy  magnesium  oxide,  96  per  cent,  absolute  MgO. 
Magma' of  magnesia,  6.5  to  7.5  per  cent,  absolute  Mg(OH)s. 
Magnesium     carbonate,     approximately     (MgC03)4Mg(OH)s  +  5H20,     should 
contain  not  less  than  39.2  per  cent.  MgO. 
Solution  of  magnesium  citrate.     A  pharmaceutical. 
Maj^esium  sulphate,  99.5  per  cent,  absolute  MgS047HtO. 
To  which  miffht  be  added: 

Ferric  hydroxide  with  magnesium  oxide,  discussed  among  the  iron  compounds. 

MAGNESn  OXmUM— Magnesium  Oxide 
(Mag.  Ozid. — Magnesia — Calcined  Magnesia — ^Light  Magnesia) 

It  contains,  after  iniition,  not  less  than  96  per  cent,  of  MgO  (40.32)  and  not  more 
than  2  per  cent,  of  CaO.  It  contains  not  more  than  10  per  cent,  of  water.  Preserve 
it  in  well-closed  containers. 

Summamed  Description, 

White,  very  bulky,  very  fine  powder;  earthv  but  not  saline  taste;  absorbs  water 
and  carbon  dioxide  from  the  air;  almost  insoluble  in  water;  insoluble  in  alcohol; 
sohible  in  diluted  acids.     For  details  see  U.S. P..  p.  264. 

For  teHs  for  identity,  for  impurities  (foreign  soluble  salts,  excess  of  water  of  hydra- 
tion, carbonate,  excess  of  calcium,  iron,  heavy  metals)  and  for  assay  see  U.S. P.,  p.  264 
and  also  Part  Y  of  this  book. 

MAGITESn  OXmUM   PONDEROSUM— Heavy   Magnesium   Oxide 

(Mag.  Ozid.  Pond.— Heavy  Magnesia) 

It  contains,  after  ignition,  not  less  than  96  per  cent,  of  MgO  (40.32),  nor  more 
than  2  per  cent.,  of  CaO.  It  contains  not  more  than  10  per  cent,  of  water.  Preserve  it 
in  well-closed  containers. 

Summarized  Description, 

White,  dense,  very  fine  powder.     For  details  see  U.S. P.,  p.  264. 

For  UsU  for  identity,  for  impurities  and  for  assay  see  magnesium  oxide. 

Remarks, — These  two  magnesias  are  prepared  by  the  calcination  of 
light  and  heavy  magnesium  carbonates  respectively,  and  the  carbonate 
can  be  made  light  or  heavy  as  precipitated  from  cold  dilute  solutions  or 
from  hot  concentrated  solutions,  as  already  explained  in  discussion  of 
the  formation  of  hght  and  heavy  precipitates  (p.  145).  Bear  in  mind  that 
^'wynewa  is  not  magThesium,  Magnesium  is  the  metal — ^the  element; 
magneaa  is  the  oxide  of  the  metaJ,  MgO,  not  the  hydroxide,  as  was  the 
case  with  soda  and  potassa. 
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The  medicinal  use  of  light  and  heavy  magnesia  is  identical,  both 
being  laxative  and  antacid,  the  advantage  of  the  heavy  magnesia  over 
the  light  magnesia  depending  entirely  upon  its  greater  density,  the  aver- 
age heavy  magnesia  occupying  only  about  one-quarter  the  bulk  of  the 
light  magnesia.  This  should  be  remembered  in  considering  the  dosage 
of  the  two  preparations,  they  being  generally  employed  in  domestic 
practice,  and  then  given  by  measure  rather  than  by  weight.  A  dessert- 
spoonful of  light  magnesia  is  generally  given  as  the  dose,  while  of  the 
heavy  magnesia,  a  half-teaspoonful  to  a  teaspoonful  is  usually  sufficient. 
In  each  case  the  customer  should  be  directed  to  administer  the  substance 
in  a  moist  condition.  Thus,  in  giving  the  heavy  magnesia,  place  from 
one  to  two  teaspoonfuls  of  water  in  a  tablespoon,  and  add  thereto  the 
teaspoonful  of  magnesia.  The  process  should  never  be  reversed,  as  the 
adding  of  water  to  the  magnesia  gives  rise  to  hard  lumps,  whereas  by 
the  method  just  given  a  smooth  mixture  is  obtained. 

Under  no  circumstance  should  the  pharmacist  advise  placing  dry 
magnesia  in  the  mouth,  as  the  chemical  will  then  adhere  to  the  tongue 
and  roof  of  the  mouth,  producing  so  disagreeable  an  impression  that  the 
victim  will  always  remember  the  person  giving  such  advice. 

The  addition  of  water  to  magnesia  produces  magnesium  hydroxide 
by  the  following  reaction: 

MgO  +  H2O  =  MgO,H2  or  Mg(0H)2. 

Dose  of  both  oxides  of  magnesium,  as  given  by  the  pharmacopoeia, 
2  grammes  (30  grains). 

MAGMA  MAGNESLS— Magnesia  Magma 
(Magma  Mag. — Milk  of  Magnesia) 

Condensed  Recipe. 

Mix  125  Gm.  magnesium  carbonate  with  enough  distilled  water  to  make  a 
smooth  paste;  dissolve  80  Gm.  sodium  hydroxide  in  400  mils  of  distilled  water  and  add 
to  the  magnesia  mixture;  shake  during  fifteen  minutes,  wash  by  decantation,  with 
distilled  water  until  washings  are  almost  free  from  alkali  (tested  with  phenolphthalein). 
Then  let  the  magma  settle  and  pour  off  the  supernatant  Uquid  until  tne  magma 
measures  1  liter.  Preserve  in  wide-mouth  bottles  closed  with  paraffined  corks. 
Flavor  with  oil  of  peppermint  or  oil  of  anise  if  desired.  Water  clarified  with  mag- 
nesium carbonate  may  be  used  inst^ul  of  distilled  water.  For  details  see  U.S. P., 
p.  261. 

Summarized  Deseriptum. 

Thick,  white,  liquid  mixture;  alkaline  reaction.     For  details  see  U.S. P..  p.  262. 

For  tests  for  identity ,  for  impurities  (soluble  matter)  andfor  cwsay  see  U.S.  r.,  p.  262 
and  also  Part  V  of  this  book. 

Remarks. — This  new  ofBicial  is  a  typical  milk  of  magnesia  and  is  made 
by  triturating  a  paste  of  magnesium  carbonate  and  water  with  a  solution 
of  sodium  hydroxide.  Hitherto,  it  has  been  usually  prepared  by  pre- 
cipitation; resulting  when  a  solution  of  magnesium  sulphate  is  mixed 
with  a  solution  of  sodium  hydroxide.  Magma  of  magnesia  is  a  very 
popular  antacid  and  laxative. 

Dose. — 10  mils  (23^  fluidrachms). 

MAGNESn  CARBONAS— Magnesium  Carbonate 

(Mag.  CarbO 

A  mixture  of  hydrated  magnesimn  carbonate  and  magnesium  hydroxide,  corre- 
i  spending  to  not  less  than  39.2  per  cent,  of  MgO  (40.32)  and  not  more  than  0.8  per 

i  cent,  of  CaO. 
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Summarized  Description. 

Light,  white,  friable  masses  or  bulky  white  powder;  slight  earthy  taste;  permanent 
in  air;  practically  insoluble  in  water,  which  is  however  made  alkaline;  insoluble  in 
alcohol;  soluble  in  diluted  acids,  with  e£Fervescence;  is  calcined  by  strong  heat.  For 
details  see  U.S.P.,  p.  262. 

For  tests  for  identity ^  for  impurities  (foreign  soluble  salts,  excess  of  calcium,  iron, 
heary  metals)  and  for  assay  see  U.S.P.,  p.  263  and  also  Part  V  of  this  book. 

Remarks. — It  will  be  noticed  that  this  chemical  is  one  of  the  four 
official  carbonates  not  possessing  the  formula  of  the  true  carbonate. 
(See  p.  453.)  In  all  these  cases  the  deviation  from  the  theoretic  is 
not  intentional,  but  is  due  simply  to  the  fact  that  the  true  carbonates 
are  imstable,  and  the  formula  given  represents,  as  nearly  as  possible,  the 
composition  of  the  purest  form  which  this  chemical  ordinarily  assumes. 

Magnesium  carbonate  is  made  by  the  double  decomposition  of 
magnesium  sulphate  with  sodium  carbonate. 

According  to  conditions  of  chemical  actions — temperature  and  con- 
centration of  reacting  solutions,  treatment  after  formation,  etc. — the 
finished  product  can  have  most  varying  composition. 

Thus,  under  differing  conditions,  from  solutions  of  magnesium  sul- 
phate and  sodium  carlx)nate  can  be  obtained  MgC085H20;  MgCOa- 
2H2O;  (MgCOs)2Mg(OH)22H20;  (MgC03)8Mg(OH)25H20;  and  (Mg- 
C03)4Mg(OH)2,  combined  with  five  to  eleven  molecules  of  water 
respectively. 

The  usual  commercial  carbonate  has  the  composition  (MgC08)4Mg- 
(OH)25H20,  and  this  formula  was  assigned  to  it  by  U.S.P.  VIII.  The 
present  pharmacopoeia  gives  no  formula,  merely  stating  that  it  must 
represent  39.2  per  cent,  of  magnesium  oxide. 

As  mentioned  above,  according  as  the  precipitation  takes  place  in  a 
cold  diluted  solution  or  in  hot  concentrated  solutions,  do  we  obtain  light 
precipitated  carbonate  or  heavy  precipitated  carbonate.  As  far  as  the 
carbonate  itself  is  concerned,  this  is  of  Uttle  importance,  but  when  we 
consider  that  the  two  official  forms  of  magnesia  are  derived  from  the 
light  and  heavy  carbonates  respectively,  then  the  question  forces  itself 
upon  our  notice. 

^  The  official  magnesium  carbonate  is  a  light  form,  the  heavy  carbonate 
being  of  interest  merely  in  the  formation  of  heavy  magnesia,  and  for  this 
purpose  manufacturers  resort  to  extraordinary  pains  to  manufacture  a 
dense  magnesium  carbonate. 

Magnesium  carbonate  is  a  valuable  antacid  and  a  laxative. 

Dose. — ^3  grammes  (45  grains). 

LIQUOR  MAGNESn  CITRATIS— Solution  of  Magnesium  Citrate 

(Liq.  Mag.  Cit.) 

One  hundred  mils  of  the  Solution  contains  magnesium  citrate  corresponding  to 
not  less  than  1.5  Gm.  of  magnesium  oxide  (MgO  »  40.32). 

Condensed  Recipe. 

Ingredients. — Magnesium  carbonate,  16  Gm.;  citric  acid,  33  Gm.;  syrup,  60  mils; 
potassium  bicarbonate  2.5  Gm.;  water,  enough  to  make  350  mils.  Oil  of  lemon  as 
flavor;  purified  talc,  as  clarifier. 

ManipuLalion. — Dissolve  the  acid  in  150  mils  of  hot  water  and  mix  with  a  paste 
of  magnesium  carbonate  in  100  mils  of  water.  When  solution  is  effected,  add  the 
syrup,  heat  to  boiling;,  add  the  oil  of  lemon  triturated  with  the  talcum,  filter  while 
hot  mto  an  appropriate  bottle  (previously  scalded  with  boiling  water)  add  boiled 
water  enough  to  make  350  mils,  then  the  potassium  bicarbonate,  and  quickly  stopper 
the  bottle.  Permission  is  given  to  use  sodium  bicarbonate  instead  of  the  potassium 
salt.     For  details  see  U.S.P.,  p.  24a 
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For  tests  for  identity ^  for  impurities  (tartaric  acid,  sulphate,  calcium)  and  for  assay 
see  U.S.P.,  p.  249  and  also  Part  V  of  this  book. 

Remarks. — This  official  solution  is  made  by  treating  the  carbonate 
with  citric  acid,  sweetening  and  flavoring  this  with  syrup  of  citric  acid 
and  oil  of  lemon,  and  bottling  with  an  excess  of  carbon  dioxide  formed  by 
addition  of  potassium  bicarbonate.  The  finished  product,  dispensed  in 
stout  bottles  securely  wired,  is  popular  under  the  name  of  purgcUive 
lemonade. 

This  recipe  has  been  criticized  because  the  product  does  not  keep. 
On  standing  a  few  weeks  there  forms  within  the  tightly  corked  bottle 
stringy  masses,  which  not  only  spoil  the  appearance,  but  also  destroy 
the  pleasant  taste.  These  masses  are  none  other  than  microscopic  plants, 
produced  by  spores  introduced  into  the  bottle  before  filling,  and  thriving 
in  tl^e  weak  saccharine  solution.  The  formation  of  these  plants  can  be 
completely  prevented  by  the  simple  precaution  of  sterilization.  If  care 
be  taken  to  scald  the  bottles  before  putting  in  the  solution,  immersing 
corks  in  boiled  'water  before  being  used,  and  using  only  freshly  boiled 
water  in  preparing  the  solution  and  filtering  through  white  paper,  not 
the  common  gray,  a  product  is  obtained  which,  in  the  writer's  experience, 
has  kept  perfectly  for  several  months. 

Occasionally,  even  with  these  precautions,  a  precipitation  occurs  in  the 
bottled  solution.  In  such  cases,  however,  the  precipitate  is  dense  rather 
than  stringy  and  is  said  to  be  duiB  to  the  formation  of  normal  citrate  con- 
taining th&teen  molecules  of  water  of  hydration  (MgsCeHsO?  +  ISH^O). 
It  is  also  said  that  if  the  ratio  between  the  citric  acid  and  the  magnesium 
carbonate  used  in  the  recipe  is  25  to  10  (about  that  of  the  official  recipe) 
the  precipitation  is  prevented. 

Dose, — ^350  mils  (12  fluidounces). 

Effervescent  magnesium  citrate  (U.S.P.  1890)  is  prepared  by  treating  magnesium 
carbonate  with  citric  acid  and  with  sufficient  water  to  produce  the  chemical  action.  The 
resulting  pasty  mass  is  then  dried,  preferably  on  a  radiator,  and  then  reduced  to  a 
powder  and  mixed  with  sodium  bicarbonate,  more  citric  acid,  and  sugar.  This  mix- 
ture is  then  moistened  with  strong  alcoholL  and  granulated  by  passing  through  a 
coarse  sieve,  as  described  on  p.  152.  The  official  product  must  be  put  in  warm,  com- 
pletely dried  bottles,  which  should  be  sufficiently  tightly  sealed  to  prevent  access 
of  air. 

The  effervescent  citrate  is  a  very  agreeable  preparation,  for  when  it  is  added  to 
water,  a  refreshing  effervescent  draught  is  readily  obtained.  It  is  usually  administered 
in  tablespoonful  doses. 

MAGNESn  SULPHAS— Magnesium  Stdphate 
(Mag.  Sulph. — Epsom  Salt) 

It  contains  not  less  than  48.59  per  cent,  nor  more  than  53.45  per  cent,  of  anhydrous 
magnesium  sulphate,  corresponding  to  not  less  than  99.5  per  cent,  of  the  crystallized 
salt  [MgS04  +  7H2O  s  246.50].     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Small,  colorless,  prismatic  needles  or  rhombic  prisms,  cooling,  saline,  bitter  taste; 
efflorescent;  soluble  m  about  1  part  of  water;  almost  insoluble  in  alcohol.  For  details 
see  U.S.P.,  p.  265. 

For  tests  for  identity ^  for  impurities  (chloride,  heavy  metals,  arsenic),  and  for  assay 
see  U.S.P.,  p.  265,  and  also  Part  V  of  this  book. 

Remarks. — In  magnesium  sulphate — the  well-known  Epsom  salt — we 
have  the  sulphate  of  a  metal  with  the  valence  11. 

Taking  sulphuric  acid,  H2SO4,  as  the  type,  we  find  that,  in  each  of  the 
sulphates  hitherto  considered;  the  two  hydrogen  atoms  in  the  acid  were 
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replaced  by  two  atoms  of  the  metal,  since  the  four  alkaline  metals  are 
univalent.  On  the  other  hand,  the  four  alkaline  earth  metals,  which  we 
are  now  studying,  have  the  valence  ii;  that  is,  one  atom  of  these  metals 
can  replace  two  atoms  of  hydrogen  in  an  acid.  The  difference  in  these 
two  groups  of  metals  is  best  shown  in  a  comparison  of  their  sulphates,  as 
here  given. 

Sulphates  of  the  alkali  metals: 

K,S04  Na,S04  LiiSO*  (NH4)2S04 

Potaadam  sulphate.        Sodium  sulphate.        Lithium  sulphate.        Ammonium  sulphate. 

Sulphates  of  alkaline  earth  metals: 

MgS04  CaS04  SrS04  BaS04 

Magnesium  aulphats.         Calcium  sulphate.       Strontium  sulphate.  Barium  sulphate. 

As  above  mentioned,  magnesium  sulphate  contains  seven  molecules  of  water  of 
crystallization.  Of  these,  six  molecules  are  lost  bv  heatins  the  crystals  to  llO^C, 
while  the  seventh  molecule  requires  a  heat  of  at  least  20(rC.  to  dry  it  off.  This 
leads  some  to  consider  the  linkage  between  the  seventh  molecule  of  water  and 
the  rest  of  the  compound  as  stronger  than  is  the  case  with  the  other  six,  and  it  has 
given  rise  to  a  supposed  distinction  in  water  of  crystallization,  the  comparatively 
easily  removed  water  being  called  water  of  crystalization,  while  the  molecule  of 
water  tenaciously  holding  to  the  molecule  being  called  water  of  constitution.  This 
topic  has  already  been  touched  upon  on  p.  150. 

Magnesium  sulphate  is  made  on  an  enormous  scale  commercially 
from  the  native  magnesium  minerals,  dolomite  or  magnesite  being 
generally  employed.  In  the  case  of  the  first,  the  dolomite  is  calcined, 
whereby  we  obtain  a  mixture  of  the  oxides  of  calcium,  magnesium, 
and  iron.  The  calcined  mass  is  then  treated  with  hydrochloric  acid 
producing  the  chlorides  of  the  three  metals.  The  filtered  solution  is 
then  evaporated,  and  during  this  process  the  magnesium  chloride 
dissociates,  as  shown  in  the  following  equation: 

MgCl,    +    0        =     MgO    4-    CU 
or  MgCU     +     HaO     =     MgO     +     2HC1. 

Hence  the  evaporated  mass  is  a  mixture  of  the  chlorides  of  calcium 
and  of  iron,  while  the  magnesium  has  been  converted  into  sparingly 
soluble  magnesium  oxide.  The  two  chlorides  just  mentioned  are 
readily  removed  from  the  magnesium  by  treatment  with  water,  and 
the  magnesia  residue  thus  freed  from  the  iron  and  calcium  is  then 
treated  with  sulphuric  acid,  and  the  resulting  sulphate  purified  by 
crystallization.  In  view  of  the  peculiarity  just  mentioned  regarding 
the  instability  of  magnesium  chloride,  it  might  be  here  stated  that  the 
one  way  of  obtaining  a  dry  magnesium  chloride  is  by  the  evaporation  of 
a  mixed  solution  of  magnesium  chloride  and  ammonium  chloride. 

Magnesium  sulphate  is  a  valuable  saUne  cathartic  and  is  a  constituent 
of  many  of  the  most  popular  purgative  waters.  The  chief  objection 
to  its  use  is  the  disagreeably  bitter  taste  which  the  salt  possesses,  and  it 
might  here  be  stated  that  this  disagreeable  taste  can  be  much  lessened 
by  administering  the  solution  in  an  ice-cold  condition. 

Several  fatal  accidents  have  occurred  from  the  substitution  of  zinc 
sulphate  for  magnesium  sulphate. 

Dose. — 16  grammes  (4  drachms). 

Magnesii  sulphas  effervescens  (U.S.P.  VIII),  or  effervescent  mag;nesium  sulphate, 
is  prepared  by  granulating  a  mixture  of  magnesium  sulphate,  sodium  bicarbonate, 
tartaric  and  citric  acids.  It  contains  50  per  cent,  of  crystalline  sulphate  and  is  used 
as  a  purgative  in  240-grain  doses. 

30 
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liquor  magnesii  sulphatis  effervescens  (N.F.)  is  an  efiPervescent  draught  contain- 
ing 25  ^mmes  of  Epsom  salt  to  the  dose  of  350  mils.  Like  solution  of  magnesium 
citrate^  it  is  to  be  dispensed  in  strong  bottles.     (See  p.  191.) 

Sal  kissingexise  f actitium  (N.F.),  or  artificud  kissingen  soLtf  is  a  mixture  of  mag- 
nesium sulphate,  sodium  and  potassium  chlorides  and  sodium  bicarbonate. 

Sal  kissingense  factitium  eflfervescens  (N.F.)  is  the  above  salt  made  into  effer- 
vescent granules  with  sodium  bicarbonate  and  tartaric  and  citric  acids. 

Sal  mhyanum  factitium  (N.F.),  or  artificial  vichy  saltf  is  a  mixture  of  magnesium 
sulphate,  sodium  chloride  and  bicarbonate  and  potassium  carbonate. 

Sal  lichjranum  factitium  effervescens  (N.F.)  is  the  above  salt  made  into  effer- 
vescent granules  with  sodium  bicarbonate  and  tartaric  and  citric  acids. 

Sal  infchyanum  factitium  effervescens  cum  lithio  (N.F.)  contains  lithium  citrate 
in  addition  to  the  ingredients  mentioned  above. 

TALCUM  PXJRIFICATUM— Purified  Talc 

(Talc.  Purif.) 

A  purified,  native,  hydrous  magnesium  silicate  sometimes  containing  a  small 
amount  of  aluminum  silicate. 

Summarized  Description. 

Verv  fine,  white  or  grayish-white  powder;  slippery  to  touch;  odorless  and  tasteless ; 
insoluble  in  water.     R>r  details,  see  U.S. P.,  p.  437. 

For  tests  for  identity ^  for  impurities  (soluble  substances,  iron)  see  U.S.  P.,  p.  437. 

Remarke. — ^This  is  talc  {aoapstone  or  French  chalk)  purified  by  treat- 
ment with  hydrochloric  acid.  It  is  used  as  a  filtering  medium  in  those 
cases  where  precipitated  calcium  phosphate  was  directed  by  the  pharma- 
copoeia of  1890,  such  as  in  making  aromatic  waters  and  some  of  the 
syrups. 

Magnesii  Sulphis  (U.S. P.  1890).  This  former  official  is  made  by  passing  sulphur- 
ous acid  gas  through  milk  of  magnesia  (magnesium  hydroxide),  as  shown  in  the  fol- 
lowing equation: 

Mg(OH),     +    SO,     =     MgSOs     +    H,0. 

Magnesium  sulphite  is  used  as  an  antiferment,  and  given  in  doses  of  from  1  to  2 
grammes. 

CALCIUM 
Symbol,  Ca.     Atomic  weight,  approximately  40. 

This  element  occurs  as  carbonate  in  the  well-known  minerals,  h'me- 
stonCt  chaUCy  and  marble;  gypsum  (or  in  the  exsiccated  form,  commercial 
plaster  of  Paris)  is  calcimn  sulphate,  and  the  same  substance  in  crystalline 
form  constitutes  the  beautiful  mineral,  alabaster.  Fluorspar,  the  trans- 
parent crystals  used  so  much  in  optics,  is  a  form  of  calcium  fluoride. 

The  word  calcium  is  derived  from  the  Latin  word  calx,  lime,  which 
has  been  in  use  since  ancient  days,  its  manufacture  from  mussel-shells 
being  described  by  Dioscorides,  while  the  caustic  effect  of  burnt  Ume 
is  mentioned  by  Pliny.  Berzelius  and  Pontin  (1808)  obtained  calcium 
amalgam  by  electrolysis  of  Ume  in  the  presence  of  mercury,  and  Davy, 
in  the  same  year,  obtained  the  free  metal  in  impure  form  by  distilling 
the  mercury  from  the  amalgam. 

The  metal  is  now  obtained  by  treating  calcium  chloride  with  metallic 
sodium  and  zinc,  the  zinc  aiding  the  sodium  in  removing  the  chlorine  from 
the  calcium  chloride.    It  is  also  made  by  electrolysis. 

Calcium  is  light  yellow,  ductile,  malleable,  quite  stable  in  the  air, 
but  burning  with  a  brilliant  yellowish  flame.  In  the  so-called  calcium 
light,  lime  or  calcium  oxide  is  employed,  this  substance  burning  with  a 
brilliant  white  Ught  when  introduced  into  an  oxyhydrogen  flame. 
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Among  the  tests  for  calcium  is  the  precipitate  of  calcium  carbonate, 
produced  when  a  soluble  calcium  salt  is  treated  with  a  solution  of  an 
alkaline  carbonate.  More  characteristic,  however,  is  the  white  precipi- 
tate of  calcium  oxalate,  produced  in  solutions  of  calcium  salts  On  addition 
of  ammonimn  oxalate  solution.  Turning  to  oxalic  acid  (p.  605),  it  will 
be  found  that  lime  is  its  antidote  by  reason  of  this  v.ery  reaction,  calcium 
compounds  converting  oxalic  acid  into  the  insoluble  and  harmless 
calcium  oxalate. 

In  making  most  of  the  calcium  compounds,  the  precipitated  carbonate 
is  employed. 

The  pharmacopoeia  recognizes  the  following  compounds  of  calcium 
and  their  preparations: 

Lime.     At  least  95  per  cent,  absolute  CaO. 

Solution  of  lime.     At  least  ^fiqo  of  1  P®r  cent,  absolute  Ca(OH)i. 
Lime  liniment.    A  pharmaceuticied. 
Crude  calcium  sulphide.    At  least  55  per  cent.  CaS. 
Calcium  bromide.    At  least  84  per  cent,  absolute  CaBrj. 
Prepared  chalk.    Elutriated  chalk  containing  at  least  97  per  cent.  CaCOi. 
Compound  chalk  powder,  containing  30  per  cent,  prepared  chalk. 
Chalk  mixture,  containing  20  per  cent,  compound  chalk  powder. 
Precipitated  calcium  carbonate.     At  least  98  per  cent,  absolute  CaCOs. 
Calcium  chloride.    At  least  75  per  cent.  CaCU. 

Calcium  glycerophosphate.    At  least  98  per  cent,  absolute  C3Ht(OH)tP04Ca. 
Calcium  hypophosphite.     At  least  98  per  cent,  absolute  Ca(PHsOt). 
^rup  of  hypophosphites.    A  pharmaceutical. 
(Jalcium  lactate.     At  least  98  per  cent.,  CaCCaHsOa)*  +  5HaO. 
Syrup  of  calcium  lactophosphate.     A  pharmaceutical. 
To  whicn  might  be  added : 

Chlorinal^  lime.    Considered  among  the  chlorine  compounds. 

CALX— Calcium  Oxide 

Lime  Qiucklime 

It  contains,  when  freshly  ignited  to  constant  weight  with  a  blast  lamp,  not  less 
than  95  per  cent,  of  CaO  (56.07).    It  loses  not  more  than  10  per  cent,  of  its  weight  on  j 

ignition.     Preserve  it  in  air-tight  containers  in  a  dry  place. 

Summarized  pescripiion.  ! 

Hard,  white,  or  grayish-white  masses  or  granules,  or  white  powdery  caustic;  soluble 
in  about  840  parts  of  water;  insoluble  in  alcohol;  soluble  in  glycerin;  slakes  when 
treated  with  small  amount  of  water;  aqueous  solution  is  alkaline.  For  details 
see  U.S.P.,  p.  95. 

For  tests  for  identity,  for  impurities  (insoluble  and  volatile  master,  carbonates)  and 
for  (issay  see  U.S. P.,  p.  96  and  also  Part  V  of  this  book. 

Remarks. — This  official  represents  the  commercial  product  obtained 
by  the  calcination  of  Umestone  (p.  81).  Chemically,  it  is  more  or  less 
pure  calcium  oxide,  and  it  might  be  said,  in  passing,  that  the  lime  made 
in  northern  Ohio  usually  contains  strontiimi.  I 

When  treated  with  a  small  quantity  of  water,  considerable  heat  is 
evolved,  and  the  lump  falls  to  a  fine  white  powder.  This  is  due  to  the 
formation  of  calcium  hydrate  by  the  chemical  reaction  between  the  water  j 

and  the  lime,  which  is  expressed  by  the  following  equation: 

CaO     +     H,0     =     Ca(OH),. 

The  process  is  familiar  under  the  name  of  slaking  lime,  the  oxide 
being  called  unslaked  limCy  while  the  hydrate  is  slaked.  In  slaking  small 
quantities  of  Ume  sometimes  required  in  laboratory  work,  the  heat  is 
generated  only  in  small  quantities,  so  that  at  first  glance  it  appears  that 
no  reaction  is  going  on.    The  writer  recalls  one  experience,  when  he  re- 
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jected  a  sample  of  lime  because  of  the  difficulty  of  slaking,  but  found  that, 
when  he  had  thrown  the  same  into  water,  a  very  energetic  action  would 
take  place  when  a  sufficient  quantity  was  employed.  This  is  particularly 
noticed  in  the  slaking  of  small  quantities  required  for  making  small 
amounts  of  solution  of  soda,  and  the  writer's  advice  is  for  the  operator 
to  be  guided  by  the  eventual  cnmibling  of  the  lump,  instead  of  expecting 
an  evolution  of  considerable  heat. 

Lime  is  used  medicinally  internally,  when  properly  diluted  with  water, 
as  an  antacid.  (See  Lime  Water.)  When  large  quantities  are  applied, 
especially  in  the  unslaked  form,  it  acts  as  an  escharotic  and  as  a  depilatory. 

The  use  of  lime  in  forming  mortar  in  cements  is  so  well  known  that 
the  fact  is  here  mentioned  merely  to  call  attention  to  that  particular 
form  called  Portland  cement.  This  is  a  mixture  of  unslaked  Ume,  sand, 
and  aluminum  silicate,  and  is  of  value  because,  when  immersed  in  water, 
it  forms  a  hard  mass  resisting  the  action  of  water,  due  to.  the  formation 
of  calcium  siUcate.  For  masonry  constructions  under  water  it  is 
invaluable. 

LIQUOR  CALCIS— Solution  of  Calcium  Hydroxide 

(Liq.  Calc. — ^Lime  Water) 

An  aqueous  solution  containing  not  less  than  0.14  per  cent,  of  Ca(OH)s  (74.09) 
at  26*C.     Preserve  it  in  well-filled,  tightly  stoppered  bottles. 

The  percentage  of  calcium  hydroxide  varies  with  the  temperature  at  which  the 
solution  is  prepared,  being  about  0.17  per  cent,  at  15°C.y  and  diminishing  as  the 
temperature  rises. 

Condensed  Recipe, 

Slake  50  Gm.  lime  with  1000  mils  of  distilled  water  and  shake  during  one-half 
hour.  Let  stand,  decant  supernatant  liquid,  which  is  thrown  away.  Wash  residual 
magma  until  free  from  chlorides  (testing  with  silver  nitrate  solution).  Then  mix 
magma  with  5000  mils  of  distilled  water,  shake,  let  stand  twenty-four  hours,  shake,  let 
stand  until  coarser  particles  have  subsided,  then  pour  the  still  milky  mixture  into  a 
bottle,  which  tightly  cork.     Decant  clear  liquid  as  desired.     For  details  see  U.S.P. 

Summarized  Description, 

Clear,  colorless  liquid;  alkaline  in  taste  and  in  reaction;  absorbs  carbon  dioxide 
from  the  air:  becomes  turbid  on  heating,  but  clears  up  on  cooling. 

For  details  see  U.S. P.,  p.  239. 

For  testa  for  identity,  for  impurities  (alkalies  and  alkaline  carbonates)  and  for 
(Msay  see  U.S. P.,  p.  239  and  also  Part  V  of  this  book. 

Remarks, — ^This  official  is  largely  sold  under  the  name  of  lime  water, 
and  contains  about  H  of  1  P^r  cent,  of  calcium  hydroxide.  It  represents  a 
saturated  solution  of  calcium  hydroxide  in  water,  and  emphasis  should 
be  laid  on  the  fact  that  a  saturated  solution  is  not  necessarily  a  highly 
concentrated  one.  Another  interesting  point  in  connection  with  Ume 
water  is  that  the  calcium  hydroxide  is  more  soluble  in  cold  water  than  it 
is  in  hot  water;  and  if  a  saturated  solution  prepared  with  cold  water  be 
warmed,  it  becomes  turbid  by  the  precipitation  of  the  excess  of  lime. 

Lime  water  is  a  preparation  that  is  made  by  nearly  all  druggists,  and 
that,  unfortunately,  in  a  careless  way.  Pharmacopceial  Ume  water  is 
not  made  by  throwing  a  lump  of  Ume  into  a  crock,  pouring  water  on  it, 
and  using  the  same  Ume  for  many  subsequent  crockfuls  of  water.  In 
preparing  Ume  water  the  pharmacopceial  process  should  be  used,  and 
when  once  practised,  it  will  be  found  to  be  of  Uttle  less  inconvenience 
than  the  crude  method  above  described,  and  a  highly  superior  product  is 
obtained. 

In  preparing  the  solution  of  lime  the  pharmacopcsia  directs  that  the 
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lime  be  slaked  with  a  certain  quantity  of  water,  then  mixed  with  water, 
and  the  lime  allowed  to  precipitate;  the  water  is  then  decanted  and  poured 
away.  This  is  done  because  commercial  Ume  usually  contains  more  or 
less  calciimi  chloride,  which,  if  permitted  to  remain  in  the  finished  solu- 
tion, would  prove  rather  irritating.  Calcium  chloride  is  very  soluble  in 
water,  and  by  macerating  the  lime  with  a  small  amount  of  water,  the 
chloride  will  dissolve  therein,  and  can  be  thus  completely  removed  in  the 
first  water,  which  is  thrown  away.  The  calcium  hydroxide  being 
sparingly  soluble,  this  first  water  contains  comparatively  a  small  amount 
of  lime,  and  in  this  way  we  rid  ourselves  of  the  calcium  chloride  with 
comparatively  little  loss  of  the  calcium  hydroxide.  On  throwing  away 
the  water  containing  the  calcium  chloride  the  magma  is  washed  and  then 
it  is  treated  with  a  large  quantity  of  water  and  the  mixture  allowed  to 
stand.  The  pharmacopoeia  directs  that,  after  shaking  and  waiting  a 
long  enough  time  for  the  coarser  particles  to  subside,  the  liquid  contain- 
ing the  undissolved  lime  in  suspension  is  transferred  to  a  glass  bottle, 
and  that  this  undissolved  Ume  shall  remain  in  the  lime  water  until  dis- 
pensed, in  order  that  the  solution  be  kept  satiu'ated.  In  practice,  this 
part  of  the  pharmacopoeial  requirement  is  rarely  followed,  and  that  in  the 
interest  of  elegant  pharmacy,  as  the  pharmacopoeia  prohibits  the  filtra- 
tion  of  the  product,  directing  that  the  clear  liquid  be  decanted  when 
needed:  Such  procedure  is  almost  dure  to  yield  a  more  or  less  cloudy 
liquid,  while  most  careful  pharmacists  desire  to  furnish  a  lime  water 
which  is  as  clear  as  crystal.  In  the  writer's  experience,  half-gallon  bottles 
containing  the  water  with  an  excess  of  undissolved  lime  were  kept  on  hand 
securely  corked,  and  when  the  half-gallon  dispensing  bottle.became  empty, 
one  of  those  kept  in  reserve  was  filtered,  and  a  perfectly  transparent 
liquid  was  obtained.  The  pharmacopceial  objection  to  the  use  of  filter- 
paper  is  based  on  the  fact  that  the  fibers  of  the  filter  absorb  a  certain 
quantity  of  calcium  hydroxide,  and,  therefore,  the  first  portion  passing 
through  the  filter  is  deficient  in  lime  strength.  This  disadvantage  can  be 
easily  obviated  by  throwing  away  the  first  ounce  or  two  of  the  filtered 
lime  water  and  collecting  the  remainder  in. an  appropriate  container. 

Several  types  of  lime  water  containers  have  been  devised.  Most  of  these  consist 
of  a  large  bottle  with  syphon  arrangement  similar  to  that  shown  on  p.  370,  but  fitted 
with  a  tight  cork  provided  with  two  holes,  throush  one  of  which  i>asses  the  syphon 
tube  and  through  the  other  a  tube  for  entrance  of  air.  This  tube  is  connected  with 
a  wash  bottle  containing  solution  of  alkali  to  absorb  the  carbon  dioxide  of  the  air.  In 
preparing  these  the  use  of  red  rubber  tubing  should  be  avoided,  as  it  contains  sul- 
phides wnich  react  with  the  alkaline  calcium  hydroxide  to  form  hydrogen  sulphide, 
frequently  producing  incompatibilities  in  the  prescriptions  in  which  the  ume  water  is 
employed. 

Solution  of  lime  is  a  valuable  antacid. 
Dose, — 15  mils  (4  fluidrachms). 

Sjrrupos  Calcis  (U.S. P.  VIII)  or  syrup  of  lime  is  described  at  length  in  Part  VII. 
It  is  made  by  boiling  together  lime,  sugar  and  water.  It  has  been  used  as  an  antacid 
and  also  as  an  antidote  in  oxalic  acid  poisoning. 

Dose. — 2  mils  (30  minims.) 

LINIMENTUM  CALCIS— Lime  Liniment 

This  well-known  official,  Canon  oU,  has  been  mentioned  on  p.  266, 
while  the  chemistry  of  the  preparation  is  referred  to  on  p.  667.  It 
suffices  here  to  say  that  it  is  an  emulsion  of  linseed  oil  in  a  lime  soap, 
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and  is  a  valuable  remedy  for  burns  and  scalds.  In  fact,  the  name  Carron 
oil  is  derived  from  the  Carron  Iron  Works,  where  it  was  at  first  largely 
used  for  burns  resulting  from  molten  metal.  In  case  of  a  severe  burn 
it  is  applied  freely  on  the  injured  surface,  and  it  is  then  covered  with 
pads  of  absorbent  cotton. 

CALX  CHLORIN ATA— Chlorinated  Lime 

This  has  already  been  considered  on  p.  374,  under  the  preparations 
of  chlorine,  where  it  is  explained  that  its  entire  value  is  due  to  chlorine 
content,  the  lime  being  merely  the  container  for  the  valuable  gas. 

CALCn  SULPHIDITM  CRXTDUM— Crude  Calcium  Sulphide 

(Calc.  Sulphid.  Crud.— Cak  Sulphurata  U.S.P.  VIII— Sulphurated 

Lime) 

It  contains  not  less  than  55  per  cent,  of  GaS  (72.14).     Preserve  it  in  well-closed 
containers. 


Summarized  Description, 

Pale  gray  or  yellowish  powder;  hydroeen  sulphide  odor;  nauseous  alkaline  taste; 
decomposes  on  exposure  to  moist  air;  slighUy  soluble  in  cold  water;  insoluble  in  alcohol. 
For  details  see  U.S. P.,  p.  94. 

For  tests  for  identity y  and  for  assay,  see  U.S. P..  p.  94  and  also  Part  V  of  this 
book. 


Remarks. — ^The  name  of  this  chemical,  "  Calcium  Sulphide^^^  is  hardly 
correct,  as  it  is  not  pure  calciiun  sulphide,  CaS,  but  a  mixture  of  this  with 
calcium  sulphate  and  carbon.  No  process  of  manufacture  is  given  in 
the  present  pharmacopoeia,  but  U.S.P.  VIII  directed  that  it  be  prepared 
by  heating  together  exsiccated  calcium  sulphate,  sulphur,  charcoal  and 
starch.  This  meant  the  reduction  of  the  sulphate  with  the  carbon  of 
the  two  other  ingredients,  similar  to  the  reduction  process  in  the  manu- 
facture of  sulphurous  acid  given  on  p.  402,  only  it  is  carried  farther  in  the 
case  of  sulphurated  lime,  the  reaction  being — 

CaS04     +     C,     =     CaS     +     2C0,. 

However,  part  of  the  oxygen  grasped  by  the  carbon  is  taken  from  the 
air.  Starch  was  also  used  in  the  process,  to  furnish  additional  carbon 
as  needed. 

In  the  pharmacopoeia  of  1880  the  chemical  was  made  by  heating  a 
mixture  of  Ume  and  sulphur.  This  yielded  a  similarly  mixed  product, 
for,  as  seen  by  the  following  reaction, 

4CaO     -f    S*     =     3CaS     -f     CaS04, 

there  is  oxygen  to  be  disposed  of,  thus  giving  rise  to  the  sulphate. 

Sulphurated  lime  is  used  as  an  alterative  in  skin  diseases.  It  is 
indicated  in  that  morbid  condition  of  the  system  which  manifests  itself 
in  that  form  of  eruption  called  boils. 

Dose. — 60  milligrammes  (1  grain). 

The  so-called  calcium  sulphide  used  as  a  depilatory — for  the  removal  of  super- 
fluous hair — ^is,  in  truth,  calcium  sulphvdrate,  that  is,  calcium  sulphide  combmed 
with  an  extra  molecule  of  hydrogen  sulphide.  This  body  is  made  by  passing  hydro- 
gen sulphide  gas  through  a  thin  paste  of  calcium  hydroxide  in  water — which,  by  the 
way,  is  called  milk  of  lime. 

The  equation  of  reaction  is: 
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Ca(OH),  +  2H,S  =  Ca(HS),  +  2H,0. 

It  will  be  noticed  that  the  five  preparations  just  discussed  are  con- 
sidered as  compounds  of  lime  rather  than  as  definite  calcium  salts, 
such  as  those  we  are  now  ready  to  take  up. 

The  true  salts  of  calcium  are  usually  prepared  by  treating  the  carbon- 
ate with  the  proper  acid.  Thus  are  made  calcium  bromide,  CaBr2, 
and  calcium  chloride,  CaCU,  the  graphic  formulas  of  which  are  good  dem- 
onstrations of  the  fact  that  the  calcium  is  a  dyad: 

Ci=i;  Cazg 

CALCn  BROMIDUM— Calcium  Bromide 

(Calc.  Bronu) 

A  hydrated  form  of.  Calcium  Bromide  containing  not  less  than  84  per  cent,  of 
CaBrs  (199.91).     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

White,  (panular,  deliquescent  salt;  sharp,  saline  taste;  soluble  in  about  0.7  part  of 
water,  and  m  about  1  part  of  alcohol.     For  details  see  U.S.P.,  p.  89. 

For  teats  far  idenlUyj  for  imf^urities  (iodides,  heavy  metals,  barium,  bromate, 
chlorides,  iron,  sulphate,  magnesium,  alkalies)  and  for  assay  see  U.S.P.,  p.  89  and 
also  Part  V  of  this  Dook.  . 

Remarks. — ^This  compound  can  be  made  by  treating  calcium  carbonate 
with  hydrobromic  acid  by  the  following  equation : 

CaCOa     +     2HBr     =     CaBrs     -f     H,0     +     CO,, 

or  by  the  double  decomposition  of  calcium  hydroxide  with  ammonium 
bromide,  as  shown  in  the  following  equation: 

Ca(OH),     +     2NH4Br     =     CaBr,     +     2NH4OH. 

In  the  former  case  the  side  product,  carbon  dioxide,  passes  off  as  gas, 
while  in  the  second  reaction  the  resulting  ammonium  hydroxide  is  dissi- 
pated during  the  evaporation  of  the  solution  of  calcium  bromide. 

Calcium  bromide  is  used  as  a  hypnotic. 

Dose. — 1  gramme  (15  grains). 
Calcium  carbanatef  CaCOs,  is  official  in  two  forms. 

GRETA  PRiBPARATA— Prepared  Chalk 
(Cret  Praep. — Drop  Chalk) 

A  native  form  of  calcium  carbonate  freed  from  most  of  its  impurities  by  elutria- 
tion  and  containing,  when  dried  to  constant  weight  at  200°C.,  not  less  than  97  per 
cent,  of  CaCOs  (100.07). 

Summarized  Description. 

White  to  grayish-white  fine  powder,  or  conical  drops;  permanent  in  air;  almost 
insoluble  in  water;  insoluble  in  alcohol;  soluble  in  some  diluted  acids,  with  effervescence 
and  decomposition;  calcines  to  calcium  oxide.    For  details  see  U.S. P.,  p.  127. 

For  tests  for  identity,  and  for  assay  see  U.S. P.,  p.  127  and  also  Part  V  of  this 
book. 

Remarks. — This  represents  the  native  ore,  which  is  mined  in  large 
quantities  in  southwest  England;  freed  from  grit  by  elutriation,  and  the 
resulting  magma  then  made  into  the  characteristic  cone — prepared 
chalk — -by  the  process  of  trochiscation  (p.  118). 

A  characteristic  quality  of  prepared  chalk  is  4he  stickiness  which 
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it  possesses,  and  is  preferable  to  the  precipitated  chalk  in  diarrhea  mix- 
tures for  this  very  reason,  being  more  likely  to  adhere  to  the  irritated 
mucous  membrane. 

Prepared  chalk  is  a  constituent  of  compound  chalk  powder  (p.  291), 
and  this  in  turn  is  the  main  ingredient  of  chalk  mixture  (p.  257). 

Dose, — 1  gramme  (15  grains). 

Whiting  is  an  unofficial  form  of  calcium  carbonate,  consisting  of  chalk  less  carefully 
washed  than  prepared  chalk.  School-crayons  formerly  represented  the  same  mineral 
shaped  into  sticlu,  but  now  much  of  them  are  made  from  the  sulphate. 

CALCn    CARBONAS    PR^CIPITATUS— Precipitated     Calcium 

Carbonate 

(Calc.  Carb.  Praec. — Precipitated  Chalk) 

It  contains,  when  dried  to  constant  weight  at  200''C.,  not  less  than  98  per  cent, 
of  CaCOa  (100.07). 

Summarized  Description, 

Fine,  white,  micro-crystalline  powder;  permanent  in  air;  almost  insoluble  in 
water;  some  soluble  in  water  containing  ammonium  salts  or  carbon  dioxide;  insoluble 
in  alcohol;  soluble  in  some  diluted  acids  with  effervescence  and  decomposition; 
calcined  at  red  heat  to  calcium  oxide.     For  details  see  U.S.  P.,  p.  90. 

For  teste  for  identity j  (or  impurities  (matter  soluble  in  water  and  that  insoluble  in 
hydrochloric  acid)  and  for  assay  see  U.S. P.,  p.  90  and  alsaPart  V  of  this  book. 

Remarks. — Precipitated  chalk  is  made  from  prepared  chalk  by  dissolv- 
ing the  same  in  hydrochloric  acid,  whereby  calcium  chloride  is  produced, 
and  then  precipitated  by  the  addition  of  sodium  carbonate  to  the  filtered 
solution  of  calcium  chloride.  The  process  is  enlarged  upon  on  p.  993. 
It  will  be  noted  that  the  same  precipitated  chalk  is  the  side-product  in 
the  manufacture  of  the  three  solutions  already  described — solution  of 
soda,  solution  of  potassa,  and  solution  of  chlorinated  soda.  The  precipi- 
tated chalk  so  obtained,  however,  is  scarcely  fit  for  use,  that  from  the 
first  two  products  being  largely  contaminated  with  alkali,  while  that 
from  Labarraque's  solution  smells  strongly  of  chlorine. 

.The  chief  use  of  precipitated  chalk  is  as  a  tooth-powder,  and  it  is 
admirably  adapted  for  the  purpose  in  such  preparations  made  by  the 
retail  pharmacist.  Even  better,  however,  is  that  form  of  calcium  carbon- 
ate obtained  by  rubbing  the  soft  interior  of  the  cuttlefish  bone  against 
a  sieve.  As  already  mentioned,  precipitated  chalk  is  not  as  valuable  as 
prepared  chalk  for  diarrhea  mixtures. 

Dose. — 1  gramme  (15  grains), 

CALCn  CHLORIDUM— Calcium  Chloride 

(Calc.  Chlor.) 

A  hydrated  form  of  Calcium  Chloride  containing  not  less  than  75  per  cent,  of 
CaCls  (110.99).     Preserve  it  in  well-stoppered  bottles. 

Summarized  Description. 

White,  slishtly  translucent,  hard  fragments,  or  granules  or  sticks;  sharp,  saline 
taste;  very  deliquescent;  soluble  in  about  0.6  parts  of  water  and  in  about  8  parts  of 
alcohol;  fuses  at  red  heat  without  decomposition.     For  details  see  U.S.P.,  p.  90. 

For  tests  for  identity y  for  impurities  (iron,  aluminium,  phosphates,  magnesium , 
alkalies,  heavy  metals)  see  U.S. P.,  p.  91,  and  also  Part  V  oi  this  book. 

This  substance,  as  already  mentioned,  is  prepared  by  the  treatment 
of  calcium  carbonate  with  hydrochloric  acid,  as  shown  in  the  following 
equation: 
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CaCOa     +     2HC1     =     CaCU     +     CO2     +     H,0. 

The  solution  is  evaporated  to  dryness,  and  the  product  comes  into  the 
market  either  in  the  form  of  a  white,  granular  powder,  or  in  fused  lumps. 

Calcium  chloride  is  official  because  of  its  value  as  a  desiccating  agent, 
as  an  absorber  of  water,  it  being  used  very  largely  in  chemical  work  for 
this  purpose.  Thus,  in  keeping  the  air  in  the  case  of  an  analytic  balance 
free  from  moisture,  calcium  chloride  is  employed.  It  is  also  used  as  a 
base  for  freezing  mixtures,  for,  when  combined  with  snow,  it  produces 
the  exceedingly  low  temperature  of  —  48**C. 

Dose. — 500  milligrammes  (8  grains). 

A  crystalline  form  of  calcium  chloride  contalnmg  one  molecule  of  the 
salt  combined  with  six  molecules  of  water  is  known  and  is  sometimes 
used  in  medicine. 

CALCn   GLTCEROPHOSPHAS— Caldum   Glycerophosphate 

(Calc.  Glycerophos.) 

The  normal  calcium  salt  of  glycerophosphoric  acid  [C8H6(OH)jP04Hi  =  172.11] 
containing  when  dried  to  constant  weight  at  130**C.,  not  less  than  98  per  cent,  of 
CaCjHrOeP  or  C3H6(OH)2P04Ca  (210.17).     Preserve  it  in  well-closed  containers. 
Summarized  Description. 

Fine,  white,  hygroscopic  powder;  almost  tasteless;  soluble  in  about  50  parts  of  water; 
more  soluble  in  cool  water  than  in  warm  water;  insoluble  in  alcohol.  For  details  see 
U.S.P.,  p.  91. 

For  tests  for  identity,  for  impurities  (alcohol-soluble  matter,  water,  phosphates, 
heavy  metals,  chlorides,  sulphates)  and  for  assay  see  U.S.P.,  p.  92  and  also  Part  V 
of  this  book. 

Remarks. — ^like  sodium  glycerophosphate  (see  p.  436)  this  new  official 
calcium  salt  has  been  very  popular  as  a  tonic. 
Dose, — 250  milligrammes  (4  grains). 

CALCn  HYPOPHOSPmS— Calcium  Hypophosphite 

(Calc.  Hypophos.) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not 
less  than  98  per  cent,  of  Ca(PHjOj)t  (170.18).  Preserve  it  in  well-closed  containers. 
Caution  should  be  observed  in  dispensing  Calcium  Hypophosphite  as  an  explosion  is 
liable  to  occur  when  it  is  triturated  or  heated  with  nitrates,  chlorates,  or  other  oxidizing 
agents. 

Summarized  Description. 

Colorless,  transparent,  monoclinic  prisms,  or  small  lustrous  scales,  or  white 
crystalline  powder;  nauseous  bitter  taste;  permanent  in  air;  soluble  in  6.5  parts  of 
water:  insoluble  in  alcohol;  on  heating  dissociates  into  phosphine  and  calcium  pyro- 
phosphate.    For  details  see  U.S.  P.,  p.  92. 

For  tests  for  identity,  for  impurities  (phosphate,  arsenic,  heavy  metals)  and  for 
assay  see  U.S.P.,  p.  93  and  also  Part  V  of  this  book. 

Remarks.  This  chemical  is  made  by  warming  a  mixture  of  phosphorus 
(finely  divided,  as  explained  on  p.  118), and  milk  of  lime  at  40°C.,the  reac- 
tion being 

3Ca(0H),     +     8P     +     eHaO     «     3Ca(PH,02),     -h     2PHs. 

The  solution  of  calcium  hypophosphite  is  filtered  from  the  excess  of 

lime  and  is  evaporated  at  low  temperatures  until  a  granular  mass  results. 

The  method  of  manufacture  just  mentioned  is  by  no  means  free  from 

danger,  as  mentioned  when  discussing  the  hypophosphites  of  potassium 
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and  sodium.  Not  only  is  the  spontaneously  inflammable  phosphine 
(PHa)  evolved  during  process  of  manufacture,  but  also  while  granulating 
the  salt.  Hence  the  advice  not  to  heat  hypophosphites  above  85°C. 
even  on  the  water-bath. 

In  this  connection  it  might  be  well  to  mention  that  it  frequently 
happens  that  the  calcium  hypophosphite  of  commerce  does  not  completely 
dissolve  in  the  amount  of  water  and  acid  directed  for  the  manufacture 
of  the  official  syrup  of  hypophosphites.  This  is  due  to  the  fact  that 
such  calcium  hypophosphite  is  not  up  to  the  pharmacopceial  requirements 
as  to  purity,  and  it  is,  therefore,  good  plmrmacy  always  to  choose  a 
very  reliable  make  of  this  salt  for  hypophosphite  preparations.  As  is 
the  case  with  all  hypophosphites,  this  salt  is  supHpsed  to  be  of  value  as 
a  nutritive  in  phthisis.  It  is  a  constituent  of  ai/rup  of  hypophosphites, 
U.S.P.  (p.  197;;  while  the  National  Formulary  gives  recipes,  several 
elixirs  and  syrups  of  hypophosphites.     (See  pp.  201,  207,  208  and  210.) 

Dose. — 500  milligranmies  (8  grains). 

CALCn  LACTAS — Calcium  Lactate 

(Calc.  Lact.) 

The  hydrated  form  of  Calcium  Lactate  [Ca(CtH«03)t  +  5HtO  -  308.23].  It 
contains,  when  dried  to  constant  weight  at  120^C.,  not  less  than  98  per  cent,  of 
Ca(CsH«Oi)t  (218.15).     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

White,  granular,  efflorescent  masses  or  powder;  nearly  tasteless;  soluble  in  about 
20  parts  of  water;  almost  insoluble  in  alconol.    For  details  see  U.S. P.,  p.  93, 

For  testa  for  identity y  for  impurities  (heavy  metals,  magnesium,  alkalies,)  and  for 
assay  see  U.S.P.,  p.  94  and  also  Part  V  of  this  book. 

Remarks. — ^This  new  official  is  made  by  treating  calcium  carbonate 
with  lactic  acid.  Like  syrup  of  calcium  lactophosphate,  it  is  used  in 
rachitis  and  in  scrophulous  conditions  in  children. 

Dose. — 500  milligrammes  (8  grains). 

Caldi  Phosphas  Precipitatus  (U.S.P.  VIII;  N.F.  IV)  or  precipitated  calcium 
phosphate f  Cat(P04)t,  is  obtained  from  bone-ash,  80  to  85  per  cent,  of  which  consists 
of  this  chemical. 

In  preparing  it,  bones  are  treated  with  hydrochloric  acid,  whereby  soluble  acid 
phosphate  and  calcium  chloride  are  produced,  as  shown  in  the  following  equation: 

Ca3(P04),     +     4HC1     -     CaH4(P04)i     +     2CaCl,, 

and,  on  addition  of  ammonia  water  to  the  solution,  the  phosphate  is  again  formed 
and  precipitates  out — 

CaH4(P04)i     +    2Caa,     +    4NH,     «     Cai(P04)i     +     4NH4CI. 

Bone-ash  contains  some  ma^esium  salts,  and  the  calcium  phosphate  obtained 
from  this  source  is  apt  to  contam  ammonio-magnesium  phosphate.  For  this  reason 
much  of  the  better  grade  of  calcium  phosphate  is  maae  by  the  action  of  sodium 
phosphate  on  calcium  chloride  in  the  presence  of  ammonia.  If  the  reaction  takes 
place  in  neutral  solution,  hydrogen  calcium  phosphate  [CaH4(P04)t]  is  produced. 

Because  precipitated  calcium  phosphate  is  supposed  to  be  practically  insoluble  in 
water,  this  salt  was  directed  by  the  pharmacopoeia  of  1890  as  the  diluent  and  divider 
in  the  making  of  such  preparations  as  aromatic  waters  and  elixirs  and  tincture  of 
opium.  That  the  salt  is  completely  insoluble  when  used  for  this  process  is  an  error, 
and  frequentl^r  leads  to  mischievous  results.  Waters  made  with  the  precipitated 
phosphate  rapidlv  become  stringy,  due  to  microscopic  plants,  while  the  alkaloids 
are  rendered  partly  insoluble,  with  corresponding  decrease  in  strength  of  the  prepara- 
tion. For  this  reason,  at  the  revision  of  1900,  purified  talc  was  chosen  for  aromatic 
waters  instead  of  the  phosphate.  The  precipitated  phosphate  is  used  occasionally  as 
a  tonic  in  15-grain  doses. 
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SYRUPUS   CALCn  LACTOPHOSPHAS— Syrap   of   Calcium  Lacto- 

phosphate 

Of  this  official  preparation,  which  contains  3  per  cent,  of  calcium 
lactophosphate,  full  details  are  on  p.  670;  so  here  it  suffices  to  say  that 
the  pharmacopoeia  directs  its  manufacture  by  treating  calcium  carbonate 
with  lactic  and  phosphoric  acids,  along  with  sugar  and  flavor,  and  that  it 
is  given  in  2J^-drachm  doses. 

Caldi  Sulplias  Exsiccatus  (U.S.P.  VIII}  or  exsiccated  calcium  stdphate,  CaS04, 
represents  the  native  mineral  gypsum  in  exsiccated  form^  and  is  commerciallv  known 
as  plaster  of  Paris,  Its  use  in  medicine  and  pharmacy  is  purely  mechanical,  and  is 
due  to  the  fact  that  whe^ombined  with  water,  it  forms  a  paste  which  quickly  settles 
to  a  firm,  insoluble  massV  This  makes  plaster  of  Paris  of  great  value  in  the  settine  of 
broken  limbs,  while  its  pharmaceutic  use  in  making  fast  the  handles  of  pestles  has 
already  been  commented  on  on  p.  115. 

Terra  alba  is  a  white  material  used  as  a  filler  in  cheap  candy.  Its  use  is  prohibited 
in  most  pure  food  laws.  La  Wall  finds  that  the  substance  used  under  this  name  is  not 
always  the  same  but  that  it  is  sometimes  gypsum,  sometimes  kaolin,  or  even  burnt 
alum. 

STRONTIUM 

Symbol,  Sr.     Atomic  weight,  approximately,  87. 

This  element  occurs  in  the  minerals  strordianite  (strontium  carbonate) 
and  celestite  (strontium  sulphate). 

The  sulphate  is  foimd  in  considerable  Quantity  in  the  group  of  islands 
in  Lake  Erie,  especially  at  Put-in-Bay  Imand. 

The  carbonate  was  discovered  near  Strontian,  a  village  of  Scotland, 
and  on  being  proved  different  from  barium  carbonate,  was  named  by 
Hope,  who  proved  that  it  contained  a  new  metal  by  preparing  several 
salts. 

The  metal  was  first  isolated  by  Davy  in  1808  by  electrolysis  of  the 
oxide. 

Strontium  is  now  made  by  the  electrolysis  of  strontium  chloride. 

Strontium  is  a  brassy  metal,  having  the  specific  gravity  of  2.5,  and 
comparatively  stable  in  air.  WThen  placed  in  water,  however,  it  decom- 
poses same  in  a  manner  similar  to  that  already  explained  under  Potassium. 

The  tests  for  strontium  and  its  compoimds  are,  first,  the  crimson 
color  which  it  transmits  to  a  colorless  flame,  and,  secondly,  the  sparingly 
soluble  sulphate  which  is  formed  on  adding  a  soluble  alkaline  sulphate 
to  a  soluble  salt  of  strontiimi. 

Strontium  has  comparatively  little  value  in  pharmacy,  its  chief  use 
being  in  pyrotechnics  The  red  flame  just  described  makes  the  strontium 
compounds  valuable  in  this  direction.  Strontiimi  is  also  used  in  the  sugar 
industry  for  the  regeneration  of  molasses. 

The  pharmacopceia  recognizes  three  salts  of  strontiimi — ^the  bromide, 
the  iodide,  and  the  salicylate — ^the  demand  for  the  admission  of 
strontium  salts  into  the  United  States  Pharmacopoeia  of  1890,  being 
chiefly  developed  through  the  advertising  efforts  of  certain  firms 
exploiting  such  compounds  in  medicine.  The  unprejudiced  observer 
finds,  however,  scarcely  sufficient  value  in  strontium  compounds  to 
justify  official  recognition. 

STRONXn  BROMXDUM— strontium  Bromide 

(Stront  Brom.) 

It  contains  not  leas  than  98  per  cent,  of  SrBrs  +  6HtO  (355.57).  Preserve  it  in 
well-closed  containers. 
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Summarized  Description, 

Colorless,  hexagonal  crystals;  bitter,  saline  taste;  deliquescent  in  moist  air, 
efflorescent  in  dry  air;  soluble  in  about  0.4  part  of  water;  soluble  in  alcohol.  For 
details  see  U.S. P.,  p.  412. 

For  tests  for  identity ,  for  impurities  (iodine,  bromate,  heavy  metals,  barium)  and 
for  assay  see  U.S.  P.,  p.  412  and  also  Part  V  of  this  book. 

Remarks. — This  compound  is  prepared  by  treating  the  carbonate  with 
hydrobromic  acid.     It  is  used  as  a  hypnotic. 
Dose, — 1  gramme  (15  grains). 

STRONTn  lODIDUM— Strontium  Iodide 

(Stront.  lod.) 

It  contains  not  less  than  99  per  cent,  of  Sris  +  6HtO  (449.57).  Preserve  it  in 
small,  amber-colored,  glass-stoppered  bottles,  carefully  protected  from  light. 

Summarized  Description, 

Colorless,  deliquescent,  hexagonal  plates,  or  white,  granular  powder,  or  crystalline 
crusts;  bitter  saline  taste j  turns  vellow  on  exposure  to  li^ht;  soluble  in  about  0.2 
part  of  water  and  soluble  m  alcohol;  dissociates  at  red  heat  mto  iodine  and  strontium 
oxide.    For  details  see  U.S. P.,  p.  412. 

For  tests  for  identity f  for  impurities  (heavy  metals,  cyanide,  chloride,  bromide  and 
barium)  and  for  assay  see  U.S.P.,  p.  413  and  also  Part  V  of  this  book. 

Remarks. — 'this  is  made  by  treating  strontium  carbonate  with  hy- 
driodic  acid.     It  is  used  as  an  alterative. 
Dose. — ^300  milligrammes  (5  grains). 

STRONTn  SALICYLAS— Strontium  SaUcylate 

(Stront  Salicyl.) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not 
less  than  99  per  cent,  of  Sr(C7H«0,)2  -h  2HjO  (397.74).  Preserve  it  in  well-closed 
containers,  protected  from  heat  and  light. 

Summarized  Description, 

White,  cr^talUne  powder;  somewhat  sweet,  saline  taste;  soluble  in  about  19  parts 
of  water  and  in  about  50  parts  of  alcohol;  chars  on  heating,  leaving  strontium  car- 
bonate.   For  details  see  U.S. P.,  p.  413. 

For  tests  for  identity ,  for  im purifies  (heavy  metals,  barium)  and  for  assay  see 
U.S. P.,  p.  414  and  also  Part  V  of  this  book. 

Remarks. — This  chemical  is  made  by  treating  strontium  carbonate 
with  salicylic  acid. 

It  is  used  in  rheumatism. 
Dose. — 1  gramme  (15  grains). 

BARIUM 

Symbol,  Ba.    Atomic  weight,  136.4. 

The  chief  ores  of  this  metal  are  heavy  spar  (barium  sulphate)  and  with" 
erite  (barium  carbonate) .  The  former  ore  was  called  "  barote  "  by  Guyton 
de  Morveau  (1779),  from  the  Greek  word  baros  (heavy),  and  from  this 
the  name  of  the  element  was  derived. 

An  amalgam  of  barium  and  mercury  was  first  obtained  by  Berzelius  and  Pontin 
in  1808,  by  electrolysis,  but  these  investigators  were  unable  to  isolate  the  element, 
this  being  done  by  Dav^  the  same  year  by  distilling  the  mercury  from  the  amalgam. 

Barium  is  now  ob tamed  by  electrolysis  of  the  fused  chloride. 

Metallic  barium  resembles  in  many  ways  metallic  strontium.  It  has  a  specific 
gravity  of  3.75,  is  a  brassy  metal,  and,  like  strontium,  while  stable  in  air,  reacts 
with  water,  forming  hydrogen  and  the  hydrate  of  the  metal. 
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The  characteristic  test  for  soluble  barium  compounds  is  the  white  precipitate 
formed  by  the  addition  of  soluble  sulphate.  The  barium  sulphate  thus  produced 
is  insoluble  even  in  boiling  nitric  and  hydrochloric  acids  and  Is  one  of  the  most  in- 
soluble and  infusible  substances  known.  Barium  compounds  give  to  a  colorless 
flame  a  green  tint.  _ 

No  imlts  of  barium  are  official,  but  the  pharmacopoeia  of  1890  recognized  barii 
dioxidunif  BaOs.  This  chemical  is  made  by  heating  barium  oxide,  BaO,  in  contact 
with  air.  It  was  made  official  for  the  sole  purpose  oi  making  hydrogen  dioxide  water 
by  the  recipe  official  in  the  United  States  Pharmacopoeia  of  1890. 

The  pharmacopoeia  inentions  in  the  Appendix  three  compounds  of  barium  used 
for  testing  purposes — ^barium  chloride,  hydroxide  and  nitrate — recipes  for  test  solutions 
of  each  being  given.  The  purpose  of  all  of  these  solutions  is  for  the  detection  of 
sulphates,  they  affording  the  most  delicate  test  for  that  purpose. 
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CHAPTER  XXIX 

ZINC,  MANGANESE,  COBALT,  AND  NICKEL 

Referrijig  to  the  chapter  on  Analytic  Chemistry  (p.  879),  it  will 
be  seen  that  the  alkaline  metals,  lithium,  potassium,  sodium,  and  the 


478  PRINCIPLES   OF   PHARMACY 

radicle  ammonium^  form  the  first  of  the  seven  groups  into  which  metals 
are  divided  in  analysis.'  The  alkaUne  earth  metals,  magnesiuin,  calcium, 
strontium,  and  bariimi,  form  the  second  analytic  group — ^those  pre- 
cipitated from  solution  by  ammonium  carbonate  and  ammonium 
phosphate. 

The  third  analytic  group  includes  the  metals  zinc,  manganese,  cobalt, 
and  nickel;  these  four  elements,  along  with  aluminum,  iron,  and  chromium, 
being  precipitated  from  alkaline  solution  by  the  ammonium  sulphide 
test  solution. 

The  last  three  metals  form  the  fourth  analytic  group,  the  third  and 
fourth  groups  being  differentiated  by  the  fact  that  the  fourth  group  can 
be  precipitated  from  acid  solution  by  the  addition  of  ammonia  water, 
while  the  third  group  is  not  precipitated  by  that  reagent. 

With  the  metals  considered  in  this  chapter  we  reach  what  might  be 
called  the  commercial  metals — ^that  is,  those  which,  by  reason  of  stability, 
abimdance,  and  general  utility,  are  used  largely  in  the  arts  as  metals. 
The  isolation  of  these  metals  from  their  ores  has  been  practised  for  many 
centuries,  and  the  process  of  extraction  now  in  vogue  is  largely  a  modifica- 
tion of  ancient  methods.  The  study  of  the  various  methods  of  isolation 
forms  the  art  called  metallurgy. 

ZINC 

Symbol,  Zn.    Atomic  weight,  approximately  65. 

Zinc  occurs  as  calamine  (zinc  carbonate)  and  zinc  blend  (zinc  sulphide). 
Calamine  is  largely  mined  in  the  neighborhood  of  Aix-la-Chapelle, 
Germany,  and  it  is  interesting  that  in  that  neighborhood  there  grows  a 
wild  violet  which  is  characterized  by  the  large  amount  of  zinc  in  its  ash, 
and  it  is,  therefore,  given  the  botanic  name  of  Viola  calaminaris*  In 
this  country  zinc  is  mined  in  the  neighborhood  of  Joplin,  Mo.,  the  ore 
found  there  being  sphalerite  (a  form  of  zinc  sulphide). 

Zinc  was  early  used  as  a  constituent  of  brassy  alloys,  the  coins  of  the 
Roman  emperors,  Nero  and  Hadrian,  containing  it. 

For  this  purpose  an  ore  of  zinc  was  evidently  used,  Dioscorides  and 
Pliny  calling  an  ore  that  would  turn  copper  yellow  cadmia.  Ore  for 
similar  purposes  is  called  by  Arabian  writers  dimia,  and  from  this  word 
come  such  modifications  as  calimia  and  lapis  calaminaris.  The  word 
zinc  is  first  found  in  the  writings  of  Basil  Valentine  and  of  Paracelsus, 
but  the  metal  does  not  seem  to  have  been  isolated  in  Europe  until  Henkel 
produced  it  by  a  secret  process,  although  Labavius  (1597)  describes  the 
metal  as  a  peculiar  tin  from  East  Indies. 

Zinc  is  made  by  roasting  calamine  with  charcoal  and  distilling  the 
resulting  zinc.  Since  calamine  is  a  carbonate;  extreme  heat  will  calcine 
it,  with  the  formation  of  zinc  oxide.  If  charcoal  be  present  during  the 
calcination,  it  will  act  as  a  reducing  agent,  removing  the  oxygen  in  the 
form  of  carbon  monoxide  and  carbon  dioxide,  by  the  following  reaction: 

ZnCOa     -f    C     =     Zn     +    CO     +    CO,. 

This  leaves  metallic  zinc  in  a  more  or  less  impure  form,  and  the  metal 
is,  therefore,  purified  by  continuing  the  heat  imtil  the  zinc  distils  over. 

If  zinc  sulphide  is  the  ore  employed,  it  is  first  roasted  in  air,  when  it 
decomposes  into  zinc  oxide  and  sulphur  dioxide,  the  latter  passing  off 
into  the  air  or  being  collected  in  a  Gay  Lussac  tower.  The  remaining 
zinc  oxide  is  treated  with  charcoal,  as  in  the  case  of  calamine. 

In  technic  there  are  several  processes — English,  Belgian,  and  Silesian 
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— these  differing  only  in  the  apparatus  wherein  occurs  the  reduction  of 
the  oxide  with  charcoal. 

Zinc  is  the  first  metal  which  we  have  considered  that  is  given  official 
recognition;  the  three  metals  recognized  by  the  pharmacopoeia  as  un- 
combined  metals  being  zinc,  iron,  and  mercury. 

ZmCUM— Zinc 

(Zinc) 

It  contains  not  less  than  99  per  cent,  of  Zn  (65.37). 

Summarized  Description 

Bluish-white  metal,  in  thin  sheets,  or  in  granulated  pieces,  or  in  thin  pencils,  or 
in  powder;  insoluble  in  water;  soluble  in  diluted  sulphunc  or  hydrochloric  acid,  with 
evolution  of  hydrogen;  malleable  at  100**  to  150**,  brittle  at  200^  fuses  at  412** 
to  415*,  boils  at  940**C.     For  details  see  U.S.P.,  p.  495. 

For  tests  for  identityj  for  impurities  (sulphur,  arsenic,  antimony,  phosphorus) 
and  for  assay  see  U.S.P.,  p.  496  and  cJso  Part  V  oi  this  book. 

Remarks. — ^As  will  be  noted,  the  pharmacopoeia  permits  the  use  of 
zinc  in  several  formi^,  viz.,  as  sticks,  in  the  form  of  mossy  zinc  and  sheet 
zinc,  or  in  the  form  of  a  very  fine  powder.  All  these  forms  are  used  either 
for  the  manufacture  of  the  official  zinc  salts  or  for  the  production  of 
hydrogen.  In  the  latter  case  zinc  is  largely  used  for  the  purpose  of  mak- 
ing arsenic  tests,  and  it  is  essential  that  the  metal  so  used  should  be  free 
from  arsenic  and  other  impurities  found  largely  in  the  ordinary  commer- 
cial zinc.  Hence  it  should  be  noticed  that  the  pharmacopoeia  directs  a 
careful  test  for  the  presence  of  arsenic  in  zinc. 

Hydrogen  can  be  produced  from  zmc  in  two  ways: 

Treatment  of  zinc  with  a  diluted  acid: 

Zn     +     H,S04     -     H,     +     ZnSOi. 
Treatment  of  zinc  with  a  strong  alkali: 

Zn     H-     2NaOH      «     H,    +     NatZnOs. 

These  two  reactions  will  be  again  mentioned  in  the  chapter  on  Arsenic 
(p.  522),  so  here  we  need  only  touch  upon  that  interesting  compound, 
sodium,  zincate,  Na2Zn02.  Reference  to  the  tests  for  zinc  salts  shows 
the  fact  that  any  soluble  zinc  salt — say,  zinc  sulphate — when  treated 
with  a  solution  of  an  alkali — say,  sodium  hydroxide — ^yields  a  white 
precipitate  which  will  dissolve  on  addition  of  an  excess  of  alkali. 

The  first  stage  of  this  reaction  is  as  follows: 

ZnS04     +     2NaOH     =     Na,S04     +     Zn(OH),, 

the  white  precipitate  being  zinc  hydroxide. 

When  more  sodium  hydroxide  is  added  to  this,  the  precipitate  is  dis- 
solved by  reason  of  the  formation  of  soluble  sodium  zincate  by  the  fol- 
lowing reaction:  - 

Zn(OH),     +    2NaOH     =     Na,ZnOt     +    2HtO. 

Zincate  of  sodium,  when  largely  diluted  with  water,  decomposes, 
sodiiun  hydroxide  being  produced,  and  zinc  hydroxide  being  precipitated 
by  the  following  equation : 

NaaZnOi     +     H,0     «     Zn(OH),     +    2NaOH. 

Stress  is  here  laid  upon  these  combinations  of  zinc  salts  with  alkalis 
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because  the  same  combinations  occur  when  aluminum,  manganese, 
chromium,  and,  to  a  lesser  extent,  iron,  are  treated  with  alkalis,  this 
showing  that  such  metals  as  zinc,  aluminum,  manganese,  chromium,  and 
even  iron  can  act  either  as  positive  or  negative  elements,  according 
as  they  are  associated  with  elements  more  positive  or  negative  than 
themselves. 

Zinc  is  a  valuable  metal  for  use  in  the  arts  by  reason  of  its  power  of 
resistance  against  the  atmospheric  change.  It  is  true  that  when  a  fresh 
layer  of  zinc  is  exposed  to  the  air,  it  loses  its  lustre  and  becomes  covered 
with  a  white  layer.  This  layer  consists  of  a  mixture  of  zinc  oxide  and 
zinc  carbonate,  which  acts  as  an  admirable  protective  for  the  metal  under- 
neath, in  a  way  similar  to  that  already  explained  concerning  the  protect- 
ive power  of  lead  sulphate  in  the  lead-chamber  process.  By  reason  of 
the  superior  stability  of  zinc,  as  compared  with  iron,  it  is  quite  largely 
used  for  the  plating  of  iron  utensils,  such  zinc-coated  iron  being  called 
galvanized  iron. 

The  tests  for  zinc  and  its  compounds  are:  Ammonium  sulphide  pro- 
duces a  white  precipitate  of  zinc  sulphide  when  brought  in  contact  with 
a  solution  of  zinc  salt.  This  explains  the  value  of  zinc  oxide  paint.  The 
other  chemical  largely  used  as  a  white  pigment  is  lead  carbonate,  and 
this  so-called  lead  paint  possesses  the  objection  of  blackening  when  com- 
ing in  contact  with  hydrogen  sulphide,  that  reagent  thereby  producing 
the  black  lead  sulphide.  Therefore,  in  places  where  hydrogen  sulphide 
abounds,  such  as  chemical  laboratories  or  water-closets,  the  zinc  paints 
are  preferable. 

Any  alkaline  hydroxide  produces  a  flocculent  precipitate  of  zinc  hy- 
droxide with  any  soluble  zinc  salt,  this  precipitate  redissolviag  in  excess 
of  alkali.  Any  soluble  carbonate  precipitates  any  zinc  salt  as  a  dense 
white  zinc  carbonate. 

The  following  salts  of  zinc  and  their  preparations  are  official: 

Zinc  acetate.     At  least  99.5  per  cent,  absolute  Zn(CsH30t)t  -h  2HtO. 

Precipitated  zinc  carbonate.     Yielding  at  least  68  per  cent,  zinc  oxide. 

Zinc  chloride.    At  least  95  per  cent,  absolute  ZnCIs. 

Solution  of  zinc  chloride,  containing  from  49  to  51  per  cent,  absolute  ZnClt. 

Zinc  oxide.     At  least  99  per  cent,  absolute  ZnO. 

Ointment  of  zinc  oxide  containing  20  per  cent,  zinc  oxide. 

Zinc  phenolsulphonate  containing  99.5  per  cent,  absolute  Zn(GeHft04S)s  +  8HsO. 

Zinc  stearate.    Zn(Ci8HiiOt)t  admixed  with  traces  of  zinc  palmitate. 

Zinc  sulphate.     At  least  99.5  per  cent,  absolute  ZnS04  -f  THjO. 

Zinc  valerate.     At  least  99  per  cent,  absolute  Zn(C(H90t)2  +  2HsO. 

Salts  of  zinc  are  usually  made  from  the  metal  or  from  the  oxide,  by 
treatment  with  the  proper  acid.  Zinc  is  a  bivalent,  even  as  are  alkaline 
earths  (p.  459). 

ZmCI  ACETAS— Zinc  Acetate 

(Zinc.  Acet.) 

It  contains  not  less  than  83. 16  per  cent,  nor  more  than  87.32  per  cent,  of  anhydrous 
zinc  acetate,  corresponding  to  not  less  than  99.5  per  cent,  of  the  crystallized  salt 
[ZnCCaHaOs)]  +  2HsO  »  219.45].     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Soft,  white,  lustrous  six-sided  monoclinic  plates;  faint  acetous  odor;  astringent, 
metallic  taste;  efflorescent  and  partly  decomposed  when  exposed  to  air;  soluble  in 
about  2.3  parts  of  water  and  in  about  24  parts  of  alcohol;  dissociates  on  high  heat, 
leaving  zinc  oxide.     For  details  see  U.S.P.,  p.  489. 

For  tests  for  identity  and  for  impurities  (arsenic,  heavy  metals)  see  U.S. P.,  p.  489 
and  also  Part  V  of  this  book. 
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Remarks. — This  salt  is  made  by  dissolving  zinc  oxide  in  acetic  acid, 
as  shown  in  the  following  equation : 

ZnO     +     2HC,H,0,     =     Zn(C,H,0,),     -f     H,0. 

Zinc  acetate  is  a  mild  astringent,  of  considerable  value  in  the  manu- 
facture of  eye-washes  and  gonorrheal  injections.'  For  the  latter  purpose 
a  favorite  prescription  is  one  combining  lead  acetate  and  zinc  sulphate. 
When  the  solutions  of  these  two  salts  are  mixed,  a  double  decomposition 
occurs  in  the  formation  of  zinc  acetate,  which  remains  in  solution,  and 
lead  sulphate,  which  precipitates  out  (p.  951). 

Zinc  acetate  is  rarely  given  internally. 

Dose. — 125  milUgrammes  (2  grains). 

Zind  Bromidi  (U.S. P.  VIII)  or  zinc  bromide^  ZnBrt,  ia  made  by  either  one  of  two 
ways:  A  solution  of  zinc  sulphate  is  treated  with  a  solution  of  i>otassium  bromide,  the 
potassium  sulphate  separated  from  the  solution  of  zinc  bromide  by  the  addition  of 
alcohol  (see  Ammonium  Iodide,  p.  456).  A  better  method,  however,  is  by  treating 
bromine  placed  under  a  considerable  layer  of  water  with  granulated  zinc,  the  reaction 
being  as  toUows: 

Zn     +     Br,     =     ZnBr,. 

In  both  cases  the  salt  is  obtained  from  the  solution  by  granulation. 
Medical  Properties. — Zinc  bromide  is  used  as  a  hypnotic  in  epilepsv 
in  2-grain  doses. 

ZmCI   CARBON  AS  PR^CIPITATUS— Precipitated   ISnc   Carbonate 

(Zinc.  Carb.  Prsec.) 

Basic  Zinc  Carbonate  is  a  compound  of  somewhat  variable  chemical  composition, 
corresponding  to  not  less  than  68  per  cent,  of  ZnO  (81.37). 

Summarized  Description. 

Impalpable,  tasteless,  white  powder;  permanent  in  air;  insoluble  in  water  and  in 
alcohol;  soluble  in  diluted  acids  with  effervescence;  soluble  in  ammonia  water  and  in 
ammonium  carbonate  solution;  calcines  to  zinc  oxide.     For  details  see  U.S. P.,  p.  490. 

For  tests  for  identity^  for  impurities  (heavy  metals,  excess  of  alkali)  and  for  assay 
see  U.B.P.,  p.  491  and  also  Part  V  of  this  book. 

Remarks. — It  will  be  noticed  in  the  ofGcial  definition  given  above  that 
no  chemical  formula  is  assigned  this  salt,  and  this  is  because  it  is  of  vari- 
able composition. 

It,  like  the  official  magnesium  carbonate  and  lead  carbonate,  is  a 
mixture  of  the  true  carbonate  with  the  hydrate.  Like  magnesium  car- 
bonate,  the  proportion  of  the  carbonate  to  the  hydrate  depends  on  condi- 
tions of  precipitation — on  concentration  of  solutions,  temperature,  and 
proportion  of  the  two  chemicals  used  in  manufacture. 

The  official  carbonate  is  made  by  mixing  hot  solutions  of  zinc  sulphate 
with  sodium  carbonate.  If  cold  diluted  solutions  of  the  two  salts  are 
mixed,  the  normal  carbonate  is  produced,  but  during  the  reaction  con- 
siderable carbonic  acid  is  evolved,  and  the  carbonate  thus  produced 
dissolves  in  this  carbonated  water.  Hence  the  process  is  wasteful,  and 
in  factories  recourse  is  always  had  to  the  process  of  hot  precipitation. 
The  normal  carbonate,  moreover,  is  unstable,  producing,  on  drying,  the 
official  carbonate. 

Zinc  carbonate  is  used  chiefly  externally  as  a  dusting-powder,  being 
mildly  astringent. 

31 
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ZmCI  CHLORIDnM— Zinc  Chloride 

(Zinc.  Chlor.) 

It  contains  not  less  than  95  per  cent,  of  ZnCU  (136.29).  Preserve  it  in  small, 
glassHStoppered  bottles. 

Summarized  Deserivtum, 

White,  or  nearly  white  granular  powder,  or  porcelain-like  masses  or  pencils; 
intensely  caustic;  very  delic^uescentj  soluble  in  about  0.25  part  of  water  and  in  about 
1  part  of  acohol;  soluble  in  glycenn;  at  high  heat  is  partly  volatilized  and  partly 
decomposed.     For  details  see  U.S. P.,  p.  491. 

For  teats  far  identity ^  for  impurities  (excess  of  oxychloride,  heavy  metals,  ammonia, 
sulphates)  and  for  assay  see  U.S.P.,  p.  491  and  also  Part  V  of  this  book. 

Remarks. — ^This  salt  is  made  by  treating  metallic  zinc  with  hydro- 
chloric acid,  as  shown  in  the  following  equation: 

Zn  +  2HC1  -  ZnCU  -f  H|. 

The  solution  of  chloride  thus  produced  is  evaporated  to  dryness  and 
placed  in  warm  dry  bottles. 

Zinc  chloride  is  used  chiefly  externally  as  an  antiseptic,  disinfectant, 
and  caustic.  For  the  latter  purpose  it  enjoyed  considerable  repute  in 
cases  of  cancer,  a  preparation  largely  used  in  France — paU  de  Canquain — 
being  a  pasty  mass  of  flour  with  which  is  incorporated  zinc  chloride. 

LIQUOR  ZmCI  CHLORIDI— Solution  of  Zinc  Chloride 

Complete  details  of  the  manufacture  of  this  solution,  called  BumeU^s 
disinfecting  fluid,  including  the  official  recipe,  will  be  given  in  Part  VII, 
so  here  we  need  only  mention  that  it  is  made  by  treating  zinc  with  hydro- 
chloric acid,  evaporating  the  solution  to  dryness,  adding  before  evapora- 
tion a  small  quantity  of  nitric  acid,  fusing  the  mass,  and  then  redissolving 
it  in  sufficient  cold  wiater  to  make  the  official  Uqmd  contain  about  50  per 
cent,  of  zinc  chloride.  The  addition  of  nitric  acid  prior  to  fusing  is 
to  insure  the  removal  of  traces  of  iron  which  invariably  contaminate 
the  conmiercial  metaUic  zinc,  and  in  this  preparation  the  latter  is  usually 
employed,  instead  of  the  official  chemically  pure  metal.  Under  the 
treatment  just  given  the  zinc  chloride  undergoes  no  change,  but  the  iron 
chloride  will  be  converted  into  FejOs,  which  is  insoluble  in  water  (p.  996). 

Zind  lodidtun  (U.S.P.  VIII)  or  zir^i  iodide,  Znis,  is  made  by  combining  metallic 
zinc  with  iodine,  as  shown  in  the  following  equation : 

Zn   4-  la   =  Znlf. 

This  can  be  done  by  combining  the  two  elements  dry  and  subliming  the  result- 
ing zinc  iodide,  or  the  elements  can  be  digested  under  water  and  zinc  iodide  ob- 
tamed  in  crystals  by  evaporation  of  the  solution. 

This  salt  is  used  as  an  alterative. 

Dose. — 65  milligrammes  (1  grain). 

ZINCI  OXmUM— Zinc  Oxide 
(Zinc.  Oxid.) 

It  contains,  when  freshly  ignited,  not  less  than  99  per  cent,  of  ZnO  (81.37). 

Summarized  Description. 

Fine,  amorphous,  white,  or  yellowish-white  powder,  free  from  grit;  absorbs  carbon 
dioxide  from  the  air;  insoluble  in  water  or  in  alcohol;  soluble  in  diluted  acids  without 
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effervescence;  soluble  in  ammonia  water  and  in  ammonium  carbonate  solution;  turns 
yellow  on  heating.     For  details  see  U.S. P.,  p.  492. 

For  tests  for  identUyy  for  impurities  (heavy  metals,  excess  of  alkali)  and  for  assay 
see  U.S.P.,  p.  492  and  also  Part  V  of  this  book. 

Remarks. — ^This  is  prepared  by  the  calcination  of  pure  zinc  carbonate. 
It  is  important  for  the  pharmacist  to  understand  the  distinction  between 
the  commercial  zinc  oxide,  which  is  so  largely  used,  and  the  form  recog- 
nized by  the  pharmacopoeia.  The  commercial  form  is  not  made  by  the 
calcination  of  zinc  carbonate,  but  by  the  roasting  of  crude  metallic  zinc 
in  a  current  qf  air,  whereby  the  resulting  zinc  oxide  sublimes.  This  form 
of  zinc  oxide  is  used  very  largely  as  a  paint,  and  should  never  be  used 
by  the  careful  pharmacist  in  making  the  official  zinc  salve. 

Commercial  zinc  oxide  is  of  dead  white  tint,  and  is  more  or  less  gritty, 
while  the  official  compound  has  a  slightly  cream  tint.  Were  it  imiver- 
sally  employed  by  the  pharmacist  for  making  the  official  zinc  ointment, 
there  would  be  less  complaint  about  the  grittiness  of  that  preparation. 

Two  synonyms  of  zinc  oxide  are  worthy  of  passing  notice  as  relics  of  the  days 
of  alchemy.  The  chemical  is^  sometimes  called  laria  pkilosophica  (philosopher's 
wool),  because  the  sublimed  zinc  oxide  collects  on  the  condenser  in  wooly  tufts. 
The  other  synonym,  nihilum  aibumy  is  an  interesting  illustration  of  corruption  in 
words  in  the  course  of  time.  The  Latin  words  ninx  amum  (white  snow^  were  coined 
by  some  poetic  alchemist  because  of  the  similarity  of  sublimed  zinc  oxide  to  snow- 
flakes.^  The  term,  in  being  used  bv  another  author,  was  misunderstood  and  written 
as  "nichts  album  (white  nothing),  which  term  was  found  in  several  books  of  the 
seventeenth  centurv.  Later  some  careful  student  decided  the  term  ''nichts  album/' 
combining  as  it  did  German  and  Latin^  should  be  placed  in  correct  Latin,  and  thus 
the  form  '*  nihilum  album  "  (white  nothmg)  originated.    It  is  also  called  flares  zinci. 

Zinc  oxide  is  used  almost  entirely  externally,  and  so  used  it  is  a  mild, 
healing  astringent.  It  is  chiefly  applied  in  the  form  of  the  official  oint- 
ment.    (See  p.  335.) 

Oleatum  Zind  (U.S.P.  1890)  or  oUale  of  zinc  is  made  by  sifting  zinc  through  a  fine 
sieve  into  oleic  acid  contained  in  an  evaporating  dish,  and  warmmg  until  the  oxide  is 
dissolved.  As  already  explained  under  the  he^  of  Oleates,  this  chemical  can  be 
considered  as  a  pharmaceutical — as  a  solution  of  zinc  oleate  in  a  large  excess  of  oleic 
acid.  It  is  referred  to  here  in  order  to  emphasize  the  distinction  between  it  and  the 
true  zinc  oleate.  While  the  official  oleate  of  zinc  is  in  the  form  of  a  thin,  greasy  liquid, 
the  definite  chemical  zinc  oleate  is  a  smooth  white  powder,  and  is  made  by  mixing 
solutions  of  Castile  soap  and  zinc  sulphate.  It  is  used  in  a  manner  similar  to  zinc 
oxide,  but  by  some  specialists  is  preferred  to  the  latter  for  dusting  pur|>oses. 

Zind  Phosphidmn  (U.S.P.  1890)  or  zinc  phosphide  \a  made  by  passing  the  vapor 
of  phosphorus  over  powdered  zinc  in  an  atmo^here  of  hydro^n.  lue  performance  of 
this  operation,  it  is  needless  to  say.  requires  the  utmost  caution.  The  zmc  is  placed  in 
a  tube  of  Bohemian  glass,  the  air  navmg  been  carefully  excluded  by  passing  hydrogen 
through  the  tube.  The  phosphorus  is  then  distilled  from  the  retort,  from  which  the 
air  has  also  been  removed  by  means  of  hydrogen,  and  under  such  circumstances 
the  two  elements  combine  without  danger.  Zinc  phosphide  affords  an  interesting 
problem  of  linking  by  valence: 
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It  is  nearly  five  times  heavier  than  water. 
Zinc  phosphide  is  a  nervous  si 
doses  of  from  3  to  8  milligrammes. 


Zinc  phosphide  is  a  nervous  stimulant  and  aphrodisiac,  and  is  administered  in 
of  rr< 
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ZINCI  PHENOLSULPHONAS— Zinc  Phenolsuljphoiiate 
(Zinc.  Phenolsulph. — Zinc  Sulphocarbolate) 

It  contains  not  less  than  73.7  per  cent,  nor  more  than  77.4  per  cent,  of  anhydrous 
zinc  phenolsulphonate,  corresjoonding  to  not  less  than  99.5  per  cent,  of  the  crystallized 
salt[(CflH(0'S0i)2Zn  +  8H2O  »  555.72].     Preserve  it  in  small,  well-closed  containers. 

Summarized  Description, 

Colorless,  efflorescent,  rhombic  prisms,  or  tabular  cr3rstals  or  granular  powder; 
astringent  metallic  taste;  turns  pink  on  exposure  to  light  and  air;  soluble  in  about 
1.6  parts  of  water  and  in  1.5  parts  of  alcohol ;  clears  on  heating.  For  details  see  U.S.  P., 
p.  492. 

For  tsstsfor  idenlity,  for  impurilies  (arsenic,  heavy  metals  and  sulphate)  and  for 
assay  see  U.S. P.,  p.  492,  and  also  Part  V  of  this  book. 

Remarks, — This  official,  also  called  zinc  sidphocarbolaiey  is  made  by 
treating  barium  sulphocarbolate  with  zinc  sulphate,  when  barium  sul- 
phate precipitates,  leaving  zinc  sulphocarbolate  in  solution.  By  evapo- 
ration of  this  solution  the  salt  is  obtained  in  crystals.  The  manufacture 
of  barium  sulphocarbolate  has  already  been  described  on  p.  439. 

Zinc  phenolsulphonate  is  a  useful  astringent  antiseptic. 

Dose. — 125  milligrammes  (2  grains). 

ZINCI  STEARAS— Zinc  Stearate 
(Zinc.  Stear.) 

A  oompound  of  zinc  with  stearic  acid  and  small,  but  variable  proportions  of  pal- 
mitic acid,  containing  an  amount  of  zinc  corresponding  to  not  less  than  13  per  cent. 
nor  more  than  15.5  per  cent,  of  ZnO. 

Summarized  Description, 

Fine,  white,  bulk^  powder;  faint  characteristic  odor;  insoluble  in  water,  alcohol  or 
ether;  fuses  on  heatmg,  then  burns,  leaving  residue  of  zinc  oxide.  For  details  see 
U.S. P.,  p.  493. 

For  tests  for  identity^  for  impurities  (alkalies,  alkaline  earths)  and  for  assay  see 
U.S.P.,  p.  493  and  also  Part  V  of  this  book. 

Remarks, — This  of&cial  is  a  zinc  stearate  containing  traces  of  zinc 
palmitate.  It  is  made  by  treating  a  solution  of  sodium  or  ammonium 
stearate  with  a  solution  of  zinc  acetate  or  sulphate,  collecting  the  precipi- 
tate, and  washing  carefully.  The  sodium  stearate  is  made  by  treating 
stearic  acid  with  a  hot  solution  of  sodium  carbonate. 

The  resulting  white  powder  is  used  for  dusting  purposes,  and  in  the 
form  of  ointment. 

ZmCI  SULPHAS— Zinc  Sulphate 

(Zinc.  Sulph.) 

It  contains  not  less  than  55.86  per  cent,  nor  more  than  58.65  per  cent,  of  anhydrous 
zinc  sulphate,  corresponding  to  not  less  ]ihan  99.5  per  cent,  of  the  crystallized  salt 
[ZnSOi  4-  7HjO  =  287.551.     Preserve  it  m  well-closed  containers. 

Summarized  Description, 

Colorless,  efflorescent,  rhombic  crystals  or  granular  powder;  astringent  metallic 
taste;  soluble  in  about  0.6  part  of  water  and  aoout  3  parts  of  glycerin;  insoluble  in 
alcohol;  partly  dissociated  by  strong  heat.     For  details  see  U.S. P.,  p.  494. 

For  tests  for  identity,  for  impurities  (heavy  metals,  arsenic,  chloride,  free  acid) 
and  for  assay  see  U.S. P.,  p.  494  and  also  Part  V  of  this  book. 

Remarks. — Zinc  sulphate  (or  white  vitriol)  is  made  on  a  large  scale  by 
roasting  the  ore,  zinc  blend  (zinc  sulphide).    The  oxygen  of  the  air  com- 
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bines  with  the  heated  zinc  sulphide,  forming  zinc  sulphate,  as  shown  in 
the  following  equation: 

ZnS     -f    O4     «     ZnSO*. 

The  sulphate  is  separated  from  the  extraneous  mass  of  silica  and  other 
metals  by  lixiviation  and  is  then  crystallized. 

It  is  also  made  by  treating  zinc  oxide  or  metallic  zinc  with  sulphuric 
acid.  Commercial  zinc  contains  iron  and  other  metals,  and  these  are 
removed  from  the  acid  solution  by  digesting  with  an  excess  of  zinc, 
saturating  the  solution  with  chlorine  gas,  and  then  adding  precipitated 
zinc  carbonate.  The  filtered  solution  is  then  evaporated  to  drive  off 
chlorine  and  to  concentrate  to  the  point  at  which  the  sulphate  will  begin 
to  crystallize. 

Zinc  sulphate  is  a  very  valuable  astringent,  for  which  purpose  it  is 
given  internally  in  doses  of  from  1  to  2  grains.  In  doses  five  times  as 
great  it  is  an  emetic,  and  is  used  considerably  in  evacuating  the  stomach 
in  cases  of  poison.  For  ordinary  purposes  of  emesis  it  is  too  irritating, 
and  ipecac  is  preferable.  Externally,  zinc  sulphate  solution  is  used  as 
an  astringent  wash,  particularly  in  cases  of  gonorrhea. 

Dose. — As  emetic,  1  gramme  (15  grains). 

ZINCI  VALERAS— Zinc  Valerate 
(Zinc.  Valer. — Zinc  Valerianate) 

It  contains  not  lees  than  99  per  cent,  of  the  crystallized  salt  [Zn(CsHffOs)t  +  2H2O 
B  303.551.     Preserve  it  in  small,  well-closed  containers. 

Summarized  Description. 

White,  pearly  scales  or  white  powder;  odor  of  valerian;  sweetish,  astringent,  metal- 
lic taste;  exposed  to  air  loses  vaferic  acid;  soluble  in  about  70  parts  of  water  and  in 
about  18  parts  of  alcohol;  dissociates  at  high  heat,  leaving  zinc  oxide.  For  details 
see  U.S.P.,  p.  495. 

For  tetU  for  identity  and  for  impurities  (heavy  metals,  arsenic,  acetate,  butsrrate) 
see  U.S.P.,  p.  495  and  also  Part  V  of  this  book. 

Remarks. — ^Zinc  valerianate  is  one  of  the  two  official  salts  of  valerianic 
acid  (p.  617).  It  may  be  made  by  a  double  decomposition  between 
sodium  valerianate  and  zinc  sulphate. 

Zinc  valerianate  is  a  valuable  nervine  and  antispasmodic. 

Dose. — 125  milligrammes  (2  grains). 

MARGAKESE 
Symbol,  Mn.     Atomic  weight,  54.6 

The  chief  ores  of  manganese  are  pyrolusite  (MnOs),  braunUe  (MusOa), 
hattsmannUe  (Mn304),  and  manganese  spar  (MnCOs). 

Manganeee  affords  several  official  salts.  A  word  as  to  the  origin  of  its  name, 
which  KB  similar  to  another  element,  ma^esium,  and  to  the  term  ma^et.  In  the 
days  of  Pliny,  at  the  beginning  of  the  Christian  era,  three  products  bearing  the  name 
magnesia  were  known,  all  commg  either  from  the  province  of  Magnesii^  on  the  borders 
of  Macedonia,  or  from  the  country  around  the  city  of  Magnesia  m  Asia  Minor. 
Pliny  describe  all  three.  One  was  white  (our  present  magnesium  carbonate),  one 
was  black  and  attracted  iron  (magnetic  iron  ore},  while  a  third  was  brown  ana  was 
used  in  glass  making  (manganese  dioxide).  That  form  attracting  iron  was  rechris-* 
tened  magnet  before  the  days  of  Avicenna  (a,d.  980-1037),  for  in  lus  medical  writings 
we  find  a  chapter  on  magnets,  entitled  '*de  Magnete."  liie  distinction  in  the  name 
manganese  and  magnesium  was  not  made  until  the  beginning  of  last  century,  after 
both  elements  had  been  isolated. 
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Manganese  is  obtained  by  the  reduction  of  the  oxide  with  charcoal 
at  red  heat. 

It  is  a  gray-white,  hard  metal,  having  the  specific  gravity  of  7.2.  It 
is,  like  zinc,  comparatively  stable  in  air,  although  it  does  oxidize  in  moist 
air,  and  more  quickly  when  immersed  in  water. 

Manganese  is  an  element  whose  valence  shows  interesting  variation. 
In  manganese  sulphate,  MnS04,  its  valence  seems  to  be  ii;  in  manganese 
dioxide,  Mn02,  the  vidence  of  the  metal  is  iv — 


Mn 


o 
o, 


while  in  potassium  penoanganate,  KMn04,  manganese  shows  the  valence 
VII ;  the  graphic  fonuula  of  the  compound  being— 


Mn 


--0K 

=-=0 
=--0. 


Manganese,  Uke  zinc,  seems  to  occupy  a  position  between  the  non- 
metallic  and  the  metaUic  elements.  It  has  been  shown  that  when  zinc 
is  combined  with  strong  alkaUs,  zincates  are  formed,  the  zinc  hydroxide 
in  that  case  acting  as  an  acid.  Still  more  striking  is  the  case  with  manga- 
nese oxides,  particularly  those  showing  the  valence  vi  and  vii,  perman- 
ganic acid,  HMn04,  being  as  distinctly  acid  as  is  perchloric  acid  (HCIO4). 
Yet  the  manganese  with  lower  valence  has  basic  properties,  and  when  the 
metal  is  treated  with  acid,  it  yields  a  manganese  salt  in  which  the  element 
shows  the  valence  ii. 

Tests, — Manganese  is  interesting  to  the  chemist  as  affording  a  large 
variety  of  very  beautiful  tests.  When  a  soluble  salt  of  manganese  is 
treated  with  ammonium  sulphide  solution,  a  flesh-colored  precipitate  of 
manganese  sulphide  is  produced.  This  precipitate  is  notable  as  the 
only  flesh-colored  sulphide.  If  a  trace  of  manganese  salt  is  added  to  a 
borax  bead  (see  p.  861),  a  beautiful  amethyst  color  is  transmitted  to  the 
same.  If  any  manganese  salt  is  fused  with  a  mixture  of  potassium  nitrate 
and  sodium  carbonate  on  a  piece  of  platinum  foil,  green  sodium  or  potas- 
sium manganate  is  formed,  as  shown  in  the  following  typical  equation: 

MnO,     -f     Na,C03     +  KNO,   -       KNO,     -f     CO,     +     Na,Mn04. 

If  this  green  manganate  be  boiled  with  water,  a  pink  solution  of  the 
permanganate  is  formed  by  the  following  reaction : 

3Na,Mn04     +     2H,0     =     2NaMn04     +     M11O2     +     4NaOH. 

Crumbs  test  also  exhibits  the  same  purple  color,  due  to  permanganic 
acid.  It  is  as  follows:  if  a  manganese  salt  is  treated  with  plumbic  oxide 
and  nitric  acid,  permanganic  acid  is  formed,  as  shown  in  the  following 
equation: 

2MnS04  +  5PbO,  4-  6HNO,  =  2HMn04  -f  2PbS04  +  3Pb(N08)«  +  2H,0. 

The  same  reaction  occurs  if  red  lead  or  if  litharge  is  used  instead  of 
plumbic  oxide. 

The  only  manganese  compounds  that  are  offlcial  in  the  present 
pharmacopoeia  are  precipitated  manganese  dioxide  and  potassium 
permanganate. 
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MANGANI  DIOXIDUM  PIUEdPITATlTM— Precipitated  Manganese 

Dioxide 

(Mangan.  Dioz.  Praec) 

It  consists  chiefly  of  manganese  dioxide  [MnOt  »  86.93]  with  small  amounts  of 
other  oxides  of  manganese,  corresponding  to  not  less  than  80  per  cent,  of  MnOt. 

Summarized  Description. 

Heavy,  very  fine,  black  powder:  insoluble  in  water  and  in  alcohol ^  heated  with 
hydrochloric  acid,  yields  chlorine  ana  manganous  chloride;  at  red  heat  dissociates  into 
oxygen  and  manganese  oxide,  Mns04.     For  details  see  U.S. P.,  p.  266. 

For  tests  far  idenOty,  for  impurities  (insoluble  substances)  and  for  assay  see  U.S.  P., 
p.  266  and  also  Fait  V  of  this  book. 

Remarks. — ^This  chemical  replaces  the  crude  ground  ore,  pyrolusite, 
the  f oim  of  manganese  dioxide  that  was  formerly  oflicial  and  is  made  by 
precipitating  manganous  sulphate  with  ammonia  water  in  the  presence 
of  hydrogen  dioxide  solution.  Were  manganous  sulphate  precipitated 
with  ammonia  water  alone,  manganous  oxide  (MnO)  would  result; 
hence  the  use  of  the  oxidizing  agent,  hydrogen  dioxide. 

Precipitated  manganese  dioxide  is  used  for  anemia,  particularly  that 
form  which  comes  from  female  complaints.  It  is  administered  prefer- 
ably by  filling  capsules  with  the  prescribed  amount  of  the  binoxide  in 
fine  powder. 

Dose. — ^250  milligrammes  (4  grains). 

Manganl  Hypophophis  (U.S.P.  VIII;  N.F.  IV)  or  manganese  kypophosphite 
Mn(PHtOs)s  +  HtO,  is  made  by  mixing  a  solution  of  manganese  oxalate  with  a  solu- 
tion of  calcium  h3rpophosphite  and  evaporating  the  filtrate  on  a  water-bath  to  a  granu- 
lar powder. 

It  is  a  constituent  of  compound  syrup  of  hypophosphites,  N.F.,  and  is  used  as  a  tonic, 
in  3-grain  doses. 

Mangani  Sulplias  (U.S.P.  VIII;  N.F.  IV)  or  manganese  sulphate,  MnS04  +  4HA 
is  made  by  treating  binoxide  of  manganese  with  carbon  at  red  heat,  whereby  it  is 
reduced  to  manganous  oxide,  MnO,  as  shown  in  the  following  equation : 

2MnOs     +     C     =     CO,     +    2MnO. 

The  manganous  oxide  is  made  into  paste  with  sulphuric  acid  and  heated  to  redness, 
when  manganese  sulphate  is  formed,  as  shown  in  the  following  equation : 

MnO     +    HiSOi     «     H,0     +     MnSOi, 

and  Koes  into  solution  and  is  purified  bsr  crjrstallization. 

Manganese  sulphate  is  used  as  a  tonic,  similar  to  the  iron  preparation,  and  is  also 
used  for  gout.    Its  dose  is  3  grains. 

POTASSn  PERMANGANAS— Potassium  Permanganate 

This  salt  has  been  considered  mider  the  potassium  compomids  (see 
p.  423),  so  here  we  need  only  again  call  attention  to  the  synonym,  mineral 
chameleofiy  it  being  so  called  because  of  the  changes  in  tint  which  the 
permanganate  exhibits  mider  treatment  with  various  reagents. 

COBALT  AND  NICKEL 

As  neither  of  these  metals,  nor  any  of  their  compoimds,  is  recognized  by  the  phar- 
macopoeia, they  can  be  briefly  considered  together. 

Cobalt,  so  called  from  the  German  KoboQ,  because  the  miners  working  in  cobalt 
ores  found  the  same  difficult  to  extract,  and  attributed  this  difficulty  to  the  influence 
of  the  kobolds.  mischievous  imps  supposed  to  inhabit  mines,  occurs  in  the  form  of  a 
silvery  metal,  but  little  used  in  the  arts.    Of  its  compounds,  the  silicate  is  of  a  strik- 
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ins  blue  color,  and  is  used  in  painting  and  decorating  under  the  name  of  amaU;  the 
chloride,  Ck)Cls,  occurs  in  the  form  of  pink  ciystals,  which  comparatively  easily 
effloresce  and  in  so  doing  will  change  to  a  blue  tmt.  For  thijs  reason  the  solution  of 
cobalt  chloride  has  been  suggested  for  intdstble  ink  or  sympdtkeiic  inhj  the  writing 
appearing  practically  colorless  until  heated,  when  the  effloresced  salt  develops  itseu 
in  blue  tracery.  It  is  also  used  in  the  manufacture  of  cheap  paper  barometers, 
consisting  of  bibulous  paper  dipped  into  a  solution  of  cobalt  cnloride  and  dried. 
In  moist  weather  this  paper  appears  to  be  pink,  whereas  on  drying  it  becomes  blue 
through  the  efflorescence  of  the  salt. 

Metallic  nickel,  on  the  other  hand,  is  very  largely  used.  It  is  of  value  for  cooking 
utensils,  although  for  this  purpose  it  is  somewhat  costly,  while  the  use  of  nickel  coins 
is  BO  extended  as  to  require  no  additional  comment.  The  coating  of  utensils  with 
the  metal  by  electric  deposition  (nickel'plcUing)  is  also  well  known,  nickel  being  used 
in  such  cases  because  it  does  not  easily  tamiflh. 

A  valuable  alloy  of  nickel  is  German  silver.  This  consists  of  50  per  cent,  of  copper 
and  25  per  cent,  each  of  zinc  and  of  nickel.  This  alloy  possesses  a  silvery  tint,  and 
was  formerly  largely  used  as  the  metallic  trimming  of  glass  show-cases. 

German  silver  is  the  first  alloy  to  which  we  have  referred,  and  it  might  be  here 
stated  that  by  an  alloy  we  mean  a  solution  of  several  metals  with  each  other  while  in 
a  fused  state.  Such  alloys  frequently  possess  valuable  properties  not  shown  by  their 
constituents,  and  many  alloys  of  great  value  will  be  discussed  on  later  pages. 
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CHAPTER  XXX 

ALUMINUM,  CERIUM,  CHROMIUM  AND  URANIUM 

In  the  last  chapter  (p.  478)  it  was  stated  that  the  third  and  fourth 
groups  into  which  the  metals  are  divided  in  analytic  chemistry  include 
all  those  elements  precipitated  from  alkaline  solution  by  ammonium 
sulphide. 

It  was  also  learned  that  the  third  group  were  those  elements  whose  hydro- 
xides redissolved  in  excess  of  ammonium  hydroxide;  while  the  hydroxides 
of  the  fourth  group,  aluminum,  iron,  cerium,  and  chromium,  did  not  dis- 
solve in  ammonia  water.  These  four  metals  form,  even  as  did  the  metals 
discussed  in  the  last  chapter,  a  group  that  should  be  included  in  one 
chapter.  Since,  however,  the  compounds  of  iron  used  in  medicine  are  so 
numerous  and  valuable,  it  is  deemed  best  to  consider  these  in  a  special 
chapter,  leaving  aluminum,  cerium,  and  chromium  to  be  discussed  in  this 
chapter. 
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ALUMINUM 
Symbol,  Al.    Atomic  weight,  approximately  27 

Aluminum  is  one  of  the  most  widely  distributed  of  metals,  being  found 
in  the  form  of  silicate  in  day,  which  is  one  of  the  most  abundant  constitu- 
ents of  the  earth's  crust.  A  rare  and  valuable  form  of  the  silicate  is 
sodio-aliiminum  sulphosiUcate,  the  precious  mineral,  lapis  lazuli,  while 
among  the  oxides  of  aluminuQi  are  found  several  of  the  most  valuable 
precious  stones,  such  as  rvby  (which,  next  to  diamond,  is  the  hardest  of 
minerals)  and  sapphire.  The  ^lor  of  the  ruby  is  due  to  a  trace  of  chro- 
mium, while  the  sapphire  is  tinted  with  cobalt.  Emerald  is  a  siUcate  of 
aluminum  and  berylUum,  with  a  trace  of  chromium  sesquioxide  (Cr208). 
Emery  is  a  native  grajiular  form  of  aluminum  oxide. 

While  the  salts  of  aluminum,  especially  alum,  have  been  known  from 
ancient  times,  the  metal  was  first  isolated  by  Friedrich  Wohler,  in  1827, 
by  heating  aluminum  chloride  with  metalUc  potassium  in  a  well-closed 
crucible. 

Wohler  soon  found  he  could  obtain  the  same  results  by  the  use  of  the 
cheap)er  metal,  sodium.  Ever  since  its  isolation  by  Wohler,  efforts  have 
been  made  to  devise  a  cheap  process  of  manufacture,  since  its  lightness, 
toughness,  and,  above  all,  its  disinclination  to  oxidize — ^to  rust,  as  iron 
does — gave  promise  of  its  great  value  in  the  arts. 

Metallic  potassium  and  sodium  are  costly  metals;  hence  aluminum 
so  separated  could  never  compete,  in  price,  with  iron.  Experiments  in 
this  direction,  however,  especially  those  performed  under  the  patronage 
of  Louis  Napoleon,  while  emperor,  led  to  the  methods  of  extraction  of 
the  metals  sodium  and  potassium,  devised  by  St.  Clair  Deville,  and  a 
marked  reduction  in  the  price  of  these  metals. 

Aluminum,  one  of  the  most  abundant  of  elements,  found  in  the  very 
rocks  and  clay  beneath  our  feet,  is  also  one  of  the  most  difficult  to  isolate, 
and  it  was  not  until  1886 — over  half  a  century  after  its  first  isolation  by 
Wohler — that  a  cheap  method  of  obtaining  the  metal  was  devised  and 
that  in  the  same  year  (1886)  by  an  American,  C.  M.  Hall  and  a  French- 
man, P.  L.  V.  Heroult.     This  method  is  by  electrolysis. 

Already,  on  p.  352,  we  learned  that  molten  salt,  when  acted  upon 
by  an  electric  current,  is  so  decomposed  that  the  positive  element, 
sodium,  goes  to  the  negative  pole,  while  the  negative,  chlorine,  goes 
to  the  positive  pole,  of  the  battery.  This  process  Hall  and  Heroult 
appUed  to  the  separation  of  aluminum  from  its  oxide,  emery,  and  that 
on  a  large  scale.  The  process  operates  on  the  same  principle  as  an 
electric  arc-light,  which  is  produced  by  passing  a  powenul  current  of 
electricity  through  carbon  rods  representing  the  positive  and  negative 
poles  of  the  battery  or  dynamo.  In  the  Hall  and  the  Heroult  processes 
a  powerful  current  is  run  through  two  bundles  of  carbon  rods  several 
feet  long,  plunged  in  a  mixture  of  cryolite  and  aluminum  oxide.  The 
great  heat  produces  a  fusion  of  the  mixture  and  the  oxide  is  then  decom- 
posed by  the  current  into  the  metal.  Extra  aluminum  oxide  is  added 
from  time  to  time  to  make  up  for  that  removed  as  the  metal,  thus  making 
the  process  practically  continuous.  These  processes  have  revolution- 
ized the  aluminum  industry  by  bringing  the  price  of  the  metal  to  a  figure 
permitting  its  general  use.  To  Americans  the  Hall  discovery  should  be 
a  matter  of  peculiar  satisfaction,  inasmuch  as  through  it  the  center  of 
aluminimi  production  was  shifted  from  Germany  and  Switzerland  to 
America. 
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The  following  table,  as  to  reduction  in  price  of  aluminum,  can  be  best  under- 
stood if  one  remembers  that  a  kilo  is  2>^  pounds  and  a  franc  is  20  cents;  that  the 
decrease  in  market  price  between  1855  and  1856  was  due  to  the  introduction  of  the 
St.  Clair  Deville  process  for  making  cheap  sodium;  while  the  fall  in  price  between  1886 
and  1890  was  due  to  the  introduction  of  the  Hall  process. 

The  other  reductions  are  in  natural  sequence  to  the  gradual  improvements  to 
these  two  important  processes. 

Market  Price  per  KiLOORAMME  op  Alttminuh 

1856— 1250  francs.  1886— 125  francs.  1891—6      francs. 

1856—  375  francs.  1890—  19  francs.  1895 — 4      francs. 

1857—  300  francs.  1898—2.70  francs. 

1911— 2.40  francs. 

Aluminum  Production  (Amounts  in  Kilos) 

Year  ^'^"and  FwS""'^'*'*        Germany  and  Switeebland 

1885 3000  10,292 

United  States     England  Fbanob       Switsxrland 

1890 27,000         70,000  37,000  40,538 

1891 1,800,000       300,000         500,000         800,000 

1898 2,358,000       300,000         500,000         800,000 

To  this  might  be  added  that  while  the  world's  output  in  1885  was  13,292  kilos, 
in  1911  it  was  18,500,000  kilos. 

Aluminum  is  bright,  silvery  metal,  having  the  specific  gravity  of 
2.7.  It  is  not  easily  oxidized,  and  on  account  of  its  comparative  tough- 
ness and  great  lightness  it  was  expected  to  play  an  important  r61e  in  our 
metallic  industries.  Enthusiasts  even  predicted  the  eventual  substitu- 
tion of  aluminum  for  iron  in  much  structural  work.  Experience,  how- 
ever, has  not  substantiated  the  claims  of  the  friends  of  aluminum,  it 
being  found  that  the  tensile  strength  of  aluminum  was  quite  low.  When 
warmed,  it  becomes  decidedly  brittle.  It  was  also  hofyed  that  aluminum 
would  be  of  considerable  service  in  chemical  utensils  where  platinum  must 
now  be  used,  such  as  in  distillations.  This,  however,  was  not  borne 
out  by  facts.  Therefore  the  chief  use  of  aluminum  at  the  present  time 
is  for  trinkets  and  ornaments,  and,  to  a  certain  extent,  for  cooking 
utensils,  its  lightness  rendering  them  far  preferable  to  those  made  of 
iron.  It  is  also  a  constituent  of  many  valuable  alloys,  such  as  aluminimi 
bronze,  while  almost  all  fine  analytic  balances  have  beams  of  aluminum. 

Magnalium  is  an  alloy  of  aluminum  with  2  to  10  per  cent,  of  magnesium,  which 
is  very  light  and  also  permanent.    It  is  used  in  aeroplanes. 

Thermite  \a  a  mixture  of  aluminum  oxide  and  metallic  iron,  which  when  heated 
by  burning  magnesium,  react  to  form  ferric  oxide  and  iron  with  evolution  of  a  great 
amount  of  heat, 'even  as  high  as  3000*^C.     It  is  largely  used  for  welding  purposes. 

Tests. — The  tests  for  aluminum  are,  first  of  aU,  the  white  precipitate 
obtained  by  treating  a  soluble  aluminum  salt  with  ammonium  sul- 
phide, the  precipitate  in  this  case,  however,  not  being  aluminum  sul- 
phide, but  aluminum  hydroxide.  A  similar  precipitate  of  the  floccu- 
lent  hydroxide  is  obtained  by  treating  an  aluminum  salt  with  any 
soluble  hydroxide.  The 'behavior  of  this  hydroxide  with  the  reagent, 
however,  differs  if  sodium  or  potassium  hydroxide  is  used,  on  the  one 
hand,  or  ammonium  hydroxide,  on  the  other,  the  precipitate  redissolving 
with  an  excess  of  potassium  or  sodium  hydroxide,  with  the  formation  of 
the  aluminates  of  sodium  and  potassium,  Al(0Na)8  or  A1(0K)8.  The 
composition  of  these  aluminates  is  discussed  in  the  chapter  on  Sodium 
(p.  433).  On  the  other  hand,  aluminum  hydroxide  does  not  redissolve 
in  an  excess  of  ammonia  water. 
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Aluminum  is  the  first  metal  we  have  studied  having  the  valence 
ra;  hence  it  is  well  to  consider  its  combinations.  One  atom  replaces 
three  atoms  of  hydrogen  in  an  acid,  as  shown  by  the  graphic  formulas 
given  below: 
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It  will  be  noticed  in  the  graphic  formula  of  aluminum  sulphate 
given  above  that  the  SO4  group  is  represented  as  attaching  itself  to 
the  aluminum  atom  with  two  bonds.  That  is,  if  two  atoms  of  hydro- 
gen are  removed  from  H1SO4,  we  have  a  radicle,  SO4,  with  two  free 
bonds,  viz.: 


As  these  two  free  bonds  act  exactly  as  any  other  free  bonds,  the 
SO4  group  in  formula-writing  can  be  considered  exactly  as  we  consider 
an  oxygen  atom  with  its  two  bonds. 

It  shoiild  be  stated  in  passing  that  many  modem  chemists  think 
that  all  aluminum  compounds  contain  two  atoms  of  that  element  ex- 
hibiting the  valence  vi,  and  that  the  formula  of  aluminum  chloride  is 
not  AICI3,  given  above,  but  AI2CI6.  This  idea  is  based  on  the  molecu- 
lar weight  estimations,  for  while  Aids  would  mean  molecular  weight 
133.5,  the  estimations  give  figures  much  nearer  267.  The  double  for- 
mula, AlaCle,  is  explained  as  is  the  formula  Fe2Cl6,  which  will  be  considered 
in  the  next  chapter  (p.  503). 

The  following  compounds  of  aluminum  are  ojfficial: 

Alum.  Either  99.5  per  cent,  absolute  AlK(S04)i  +  12HsO  or  99.5  per  cent. 
AlNH4(S04)t  +  12H,0. 

Exsiccated  alum.    Either  98  per  cent,  absolute  AlK(S04)s  or  98  per  cent,  absolute 

AlNH4(S04)t. 

Aluminum  hydroxide.     (No  purity  rubric.)     Al(OH)s. 

ALUMEN— Alum 
(Alum.) 

It  contains  not  less  than  99.5  per  cent,  of  AINH4 (804)2  +  12HsO  (453.47),  or  of 
AlK(S04)i  4-  I2H1O  (474.53),  the  label  of  the  container  must  indicate  whether  Am- 
monium or  Potassium  Alum. 

Summarized  Description, 

Both  forms,  in  large  colorless  crystals,  in  crystalline  fragments  or  as  white  powder; 
flweetish,  strongly  astringent  taste;  potassium  alum  is  soluble  in  about  7.2  parts 
^  water,  insoluble  in  alcohol,  quite  soluble  in  glycerin;  ammonium  alum,  somewhat 
IcsB  soluole  in  water  then  is  the  potassium  compound.     For  details  see  U.S. P.,  p.  39. 

For  tests  for  identity,  for  impurities  (insoluble  matter,  heavy  metals,  arsenic,  iron) 
and  for  assay  see  U.S.P.,  p.  40  and  also  Part  V  of  this  book. 
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Remarks. — It  should  be  noted  that  the  present  pharmacopceia  makes 
an  innovation  by  recognizing  under  the  name  ^'aliunen''  either  potassa 
alum,  or  ammonia  alum;  the  only  specification  being  that  each  shall  be 
sold  under  its  own  name.  As  to  potassa  alum,  sometimes  its  formula  is 
written  K2Al2(S04)4+  24H2O,  while  other  authorities  including  the  phar- 
macopoeia give  it  as  KA1(S04)2  +  12H2O. 

At  first  glance,  the  symbolic  formula,  K2Al2(S04)4  +  24H2O,  seems 
exceedingly  complicated,  but  viewed  in  the  light  of  the  synonym — alu- 
minum and  potassium  sulphate — ^it  becomes  simplified.  What  is  alu- 
minum sulphate?  We  have  just  learned  above  that  it  is  Al2(S04)3. 
And  potassium  sulphate?  This  is  derived  from  sulphuric  acid,  H2SO4, 
by  replacing  its  two  hydrogen  atoms  with  two  atoms  of  the  univalent 
element,  potassium: 

Hence,  KtSOi, 

If  we  add  to  this  aluminum  sulphate,      AIs(SO«)s, 

We  get  A],K,(S04)4, 

and  if  we  crystallize  this  with  24  molecules  of  water  of  crystallization, 
we  have  the  formula  K2Al2(S04)f  +  24H2O. 

The  reason  that  this  is  not  written  AI2  (804)8X2804  +  24H2O  is  be- 
cause the  union  between  the  sulphate  of  aluminum  and  potassium  ia 
stronger  than  a  mere  physical  mixture.  While  not  fully  proved,  we  be- 
lieve that  there  exists  between  the  two  salts  a  chemical  relationship, 
somewhat  akin  to  that  between  a  salt  and  its  water  of  crystallization. 

Ammonia  alum  was  the  ^^alumen"  of  the  pharmacopoeia  of  1870, 
but  was  replaced  in  the  pharmacopceia  of  1880  by  the  potassa  alum.  Its 
re-introduction  at  this  time  is  because  it  is  cheaper  than  potassa  alum, 
especially  now  when  potassium  compoimds  are  so  scarce. 

Let  us  compare  the  formula  of  these  two  alums,  representing  them  as 
broken  into  the  sulphates  of  the  two  metals: 

Potassium  alum  is K<S04Als(S04)s  +  24HtO. 

Ammonium  alum  is (NH4)«S04Alj(S04)a  +  24H,0. 

The  only  difference  between  these  two  is  that  in  one  we  have  potas- 
sium sulphate;  in  the  other,  we  find  ammonium  sulphate,  each  being 
combined  with  aluminum  sulphate  and  with  24  molecules  of  water  of 
crystallization. 

When  we  closely  consider  the  two  formulas  just  given,  we  find  that 
each  represent^  one  molecule  of  the  sulphate  of  a  univalent  element, 
one  molecule  of  a  sulphate  of  a  trivalent  element,  and  24  molecules 
of  water  of  erystallization.  We  have  seen  that  the  imivalent  element 
or  radicle  can  be  changed;  for  in  the  two  almns  just  mentioned  one 
contained  potassium  sulphate,  the  other  ammonium  sulphate.  In  like 
manner  we  can  make  a  sodium  alum  of  the  formula  Na2S04Al2(S04)s  + 
24H2O.  We  have  changed  the  univalent  element  or  radicle  three  times. 
Can  we  thus  change  the  trivalent  element?  Most  assuredly,  replacing 
aluminum  by  the  trivalent  elements,  iron,  manganese,  or  chromium, 
getting  such  compounds  as: 

K,  SO4  Al,  (S04)s  +  24H2O Potassium  alum. 

K,  SO4  Fe,  fS04).  +  24H,0 "        ferric  alum. 

Ka  SO4  Muj  (804)1  -f  24HjO '*        manganese  alum. 

K,  SO4  Cr,  (S04).  +  24HjO "         chromium  alum. 

(NH4)2  SO4  AI2  (804)1  +  24HtO Ammonium  alum. 

(NH4)i  8O4  Fe,  (804)1  +  24HiO "  ferric  alum. 
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We  see  how  majiy  alums  can  be  produced;  hence  the  only^  general 
definition  of  an  alum  that  can  be  given  is  that  mentioned  above:  ''the 
combination  of  one  molecule  of  the  sulphate  of  a  univalent  element  or 
radicle,  with  one  molecule  of  the  sulphate  of  a  trivalent  element  or 
radicle,  and  with  24  molecules  of  water  of  crystallization."  Not  only 
do  all  alums  crystallize  with  the  same  proportion  of  water,  but  also  their 
crystal  shapes  are  the  same — in  other  words,  they  are  isomorphous. 

Alum  has  been  made  for  centuries  from  certain  ores  of  aluminum, 
particularly  alum  shale.     This  is  a  form  of  clay  containing  iron  pyrites 
(FeSs),  and  on  letting  the  ore  stand  exposed  to  the  elements  for  one  to 
two  years,  the  ferrous  sulphide  is  changed  to  ferrous  sulphate,  ferric 
subsulphate,  and  free  sulphuric  acid,  and  the  latter  in  turn  reacts  with 
the  clay  (aluminum  silicate)  to  form  aluminum  sulphate.     Roasting  the 
ore  after  standing  effects  the  liberation  of  more  sulphuric  acid  from  the 
iron  sulphates,  and  the  roasted  mass  on  lixiviation  yields  a  solution 
of  aluminum  sulphate  contaminated  with  more  or  less  iron.    Various 
methods  are  employed  in  removing  the  iron,  such  as  long  standing  of 
the  solution  exposed  to  the  air,  when  the  iron  precipitates  as  ferric  oxide; 
placing  pieces  of  iron  in  the  solution,  which  converts  all  the  dissolved 
iron  into  ferrous  sulphate,  which  is  separated  from  the  aluminum  sul- 
phate by  fractional  crystallization. 

The  concentrated  and  pure  aluminum  sulphate  solution  is  then  mixed 
with  potassium  (or  ammonium)  chloride  or  sulphate,  and  at  the  proper 
degree  of  concentration  crystals  of  alum  begin  to  separate. 

Potassium  chloride  is  used  because  more  abundant  than  potassium 
sulphate,  and  when  mixed  with  aluminum  sulphate  solution,  yields  a 
double  sulphate  of  potassium  and  aluminum,  as  shown  in  the  following 
equation: 

4Al,(S04)a  +  6Ka  -  3K,A1,(S0«)«  +  Al.CU. 

Alum  is  also  made  on  a  large  scale  by  treating  the  aluminum  hydrox- 
ide, which  is  a  side-product  in  the  cryoUte  process  (p.  433),  with  sulphuric 
acid.  Alum  occurs  in  large  crystals  soluble  in  9  parts  of  water  and  freely 
soluble  in  glycerin.  It  is  a  curious  fact  that  from  a  saturated  aqueous 
solution,  the  alum  crystallizes  when  glycerin  is  added  and  likewise 
crystallization  occurs  when  water  is  added  to  a  saturated  glycerinic 
solution. 

Alum  is  a  valuable  astringent,  either  internally  or  else  externally 
in  the  form  of  a  wash. 

Doie. — 500  milligrammes  (8  grains). 

ALUMEN  EXSICCATUM— Exsiccated  Alum 

Recipe  and  details  of  manufacture  in  Part  VII. 

B.emark%. — This  official  is  obtained  by  the  exsiccation  of  crystallized 
alum,  100  parts  of  the  crystal  yielding  55  parts  of  the  dried  alum.  (See 
p.  974.) 

Exsiccated  alum  is  used  as  a  mild  escharotic  under  the  name  of 
^rnialum,  being  particularly  efficacious  for  the  removal  of  that  form  of 
QiOTbid  growth  developing  in  an  open  sore  called  proud  flesh.  It  is 
▼ery  rarely  given  internally. 
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ALUMINI  HTDROXmUM— Aluminum  Hydroxide 

(Alum.  Hydroz.) 

A  compound  consisting  principally  of  aluminum  hydroxide  [Al(OH)s  »  78.12]. 

Condensed  Recipe, 

Dissolve  100  Gm.  alum  in  1  liter  of  water  and  filter;  dissolve  45  Gm.  monohydrated 
sodium  carbonate  in  1  liter  of  water  and  filter.  Bring  both  to  boiling,  pour  the  soda 
solution  into  the  alum  solution,  add  more  boiling  water  to  the  mixture:  wash  precipi- 
tate by  decantation  until  free  from  sulphate,  then  dry  at  40''C.  For  details  see 
U.8.P. 

Summarized  Description, 

White,  bulky,  amorphous  powder;  insoluble  in  water  and  alcohol;  soluble  in  some 
diluted  acids  and  in  fixed  alkaline  hydroxides;  loses  34  per  cent,  of  its  weight  at  red 
heat.     For  details  see  U.S. P.,  p.  42. 

For  teats  for  identity,  for  impurities  (alkali  salts,  heavy  metals,  arsenic)  see  U.S. P., 
p.  42. 

Remarks. — Aluminum  hydroxide  is  made  by  adding  a  solution  of 
alum  to  a  solution  of  sodium  carbonate.  This  may  at  first  produce 
aluminum  carbonate,  but  if  such  is  the  case,  it  is  only  for  an  instant, 
the  carbonate  decomposing  with  the  evolution  of  carbon  dioxide,  forming 
a  precipitate  of  aluminum  hydroxide.  In  preparing  aluminum  hydroxide 
it  is  important  that  the  alum  solution  be  added  to  the  sodium  carbonate 
solution,  and  not  the  reverse  method,  as  in  the  latter  case  the  hydroxide 
will  be  contaminated  with  alkaline  sulphates. 

A  point  of  importance  in  the  manufacture  of  chemicals  by  pre- 
cipitation is  this  very  question  of  which  chemical  solution  should  be 
added  to  the  other.  The  pharmacist,  therefore,  should  carefully  con- 
sult the  best  authorities  before  attempting  such  a  precipitation,  as  it 
frequently  happens  that  while  the  product  yielded  by  one  method  is 
perfectly  pure,  that  yielded  by  the  reverse  process  is  practically  worthless. 

One  of  the  most  interesting  things  in  connection  with  aluminum 
hydroxide  is  its  vast  capacity  for  water,  a  fresh,  well-drained  magma 
of  aluminum  hydroxide  containing  no  less  than  95  per  cent,  of  water. 

Aluminum  hydroxide  is  a  valuable  absorbent,  and  therefore  useful 
in  dusting-powders. 

Aluminum  acetate,  Al(CtHsOi)s  is  an  easily  decomposable  salt  that  can  be  prepared 
by  treating  aluminum  hydroxide  with  acetic  acid.  Solution  of  aluminum  subacetate 
(N.F.)  is  prepared  by  dissolving  aluminum  sulphate  in  water,  adding  precipitated 
chalk  and  acetic  acid  and  fimaUy  separating  the  clear  fluid  from  the  magma.  It 
contains  7.5  to  8  ijer  cent,  of  basic  aluminum  acetate  (p.  189). 

liquor  Alumini  Acetatis  (N.F.).  or  Burow's  solution,  is  made  by  mixins  solutions 
of  lead  acetate  and  of  aluminum  sulphate  and  finally  separating  the  clear  fluid  from 
the  magma  of  lead  sulphate.    (See  p.  189.) 

Liquor  Alumini  Acetico-tartratis  (N.F.)  is  a  similar  product  made  from  alum, 
sodium  carbonate,  acetic  and  tartaric  acids  and  water.     (See  p.  189.) 

Alumini  Sulphas  (U.S.P.  VIII;  N.F.  IV)  or  aluminum  sulphate,  Al2(SO«)i  +  16H|0. 
is  prepared  by  dicBolving  moist  aluminum  hydroxide  in  diluted  sulphunc  acid,  and 
then  granulating  the  salt  by  evaporation  of  the  solution. 

Aluminum  sulphate  is  u^ed  internally  as  an  antiseptic,  but  chiefly  externally  as 
an  astringent.     Its  astringent  properties  make  it  of  great  value  as  a  fixer  in  dyeing. 

Kaolinum  (U.S.P.  VIu;  N.f*.  IV),  or  kaolin  is  an  aluminum  silicate  the  formula 
of  which  is 

-     OH 
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It  is  found  largely  in  the  Department  of  Allier,  France,  and  is  of  great  value  in  technic 
as  a  basis  of  porcelain.  A  description  of  the  manufacture  of  porcelain  is  beyond 
the  limits  of  this  work,  and  for  this  the  reader  is  referred  to  any  of  the  leading  works 
on  chemical  technology  mentioned  in  the  Preface.  Kaolin  is  of  pharmaceutic  impor- 
tance as  havine  been  suggested  for  use  in  the  manufacture  of  the  pills  of  potassium  per« 
man^anate  and  other  explosive  substances,  these  substances  being  mixed  with  ksrolin 
and  made  into  a  mass  by  the  addition  of  soft  petrolatum.  £[aolin  is  now  largely  used 
in  the  form  of  poidtice,  made  by  triturating  the  finely  powdered  clay  with  glycerin 
to  a  thick  paste.     A  similar  product  is  cataplasm  of  kamin,  N.F.     (oee  p.  339.) 

Ultramarine,  is  a  blue  pigment  made  originally  by  pulverizing  the  mineral  lapis 
lazuli.  Anal3n3is  showing  that  this  consists  of  silicat^  of  aluminum  and  sodimn 
combined  with  sulphur,  its  artificial  production  has  been  followed  with  much  success. 
It  is  used  to  whiten  sugar. 

CERIUM 

Symbol,  Ce.     Atomic  weight,  139.2 

Cerium  is  a  rare  metal,  similar  in  many  respects  to  aliiminum.  It 
is  of  technical  importance  because  the  '' mantle"  of  the  Welsbach  burner 
— that  well-known  mode  of  illumination — ^is  made  of  a  network  of  oxides 
of  cerium,  thorium,  didymium,  and  lanthanum,  the  last  two  elements 
usually  accompanying  cerium  in  its  ores. 

The  sole  pharmaceutic  interest  in  cerium  is  because  one  of  its  salts, 
the  oxalate,  is  official. 

CERn  OXALAS— Cerium  Oxalate 
(Cerii.  Oxal.) 

A  mixture  of  the  oxalates  of  cerium,  didymium,  lanthanum,  and  other  associated 
elements. 

Summarized  Description, 

White  or  slightly  pink  powder;  insoluble  in  water,  alcohol,  ether  and  solutions  of 
fixed  alkalies;  soluble  in  hot  (not  cold)  diluted  sulphuric  or  hydrochloric  acid;  yields 
47  per  cent,  of  residue  at  red  heat.     For  details  see  U.S.P.,  p.  106. 

Tor  tests  for  identity^  for  impurities  (carbonate,  heavy  metab,  arsenic,  aluminum 
and  zmc)  see  U.S.P.,  p.  107. 

Remarks. — Cerium  oxalate  of  commerce,  as  stated  in  the  official 
defimtion  consists  of  true  cerium  oxalate  CeCaOi  with  didymium  and 
lanthanum  oxalates;  a  complete  separation  of  these  rare  metals  being 
practically  impossible.  It  is  made  as  a  by-product  of  thorium  salts 
from  the  ore,  moncusite.  The  thorium  salts  are  in  great  demand  for  mak- 
iog  Welsbach  mantles. 

It  is  a  valuable  remedy  in  the  vomiting  of  pregnancy. 

Do«e. — ^200  milligrammes  (3  grains). 

CHROMIUM 

Symbol,  Cr.     Atomic  weight,  approximately  52 

Chromium,  like  manganese,  aluminum,  zinc,  and  iron,  stands  mid* 
^''^y  between  the  positive  and  negative  elements,  forming  chromium 
salts,  such  as  chromous  sulphate,  CrS04,  with  strong  acids;  and  chrom- 
ates,  such  as  potassium  chromate,  K2Cr04,  with  alkaUs. 

However,  it  is  usually  more  negative  than  positive,  and  in  its  two 
ofiBcial  compounds,  chromium  trioxide  and  potassium  dichromate,  it 
« strongly  negative. 
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The  chief  ore  of  chromium  is  chrome  iron  ore,  FeOCrjOj.  (See 
p.  419.) 

The  word  chromium  is  derived  from  the  Greek  word  chromos,  meaning 
color,  and  is  so  called  by  reason  of  the  brilliant  characteristic  color  of  the 
various  chromium  compoimds.  This  name  was  bestowed  on  the  ele- 
ment by  its  discoverer,  Vauquelin. 

The  element  chromium  is  isolated  either  by  the  reduction  of  chromic 
oxide,  with  soot  or  coke,  or,  better,  by  fusion  of  a  mixture  of  the  chlo- 
rides of  chromium,  potassium,  and  sodiimi  with  zinc.  The  alkaline 
chlorides  act  as  a  flux,  while  an  alloy  of  zinc  and  chromium  deposits  in 
the  bottom  of  the  crucible.  This  alloy  is  treated  with  diluted  nitric  acid, 
which  dissolves  the  zinc,  leaving  chromium  as  a  gray  powder. 

Chromium  is  a  gray-white,  brittle  metal,  hard  enough  to  scratch 
glass,  and  more  difficult  to  melt  than  platinum.  It  is  not  easily  oxidized 
by  contact  with  air. 

The  characteristic  tests  of  chromium  are  as  follows: 

Ammonium  sulphide  precipitates,  from  the  solution  of  chromium 
compounds,  green  chromic  hydroxide,  potassiimi  hydroxide  producing 
the  same  precipitate;  lead  acetate  solution  precipitates  solutions  of 
chromiuni  compoimds  in  the  form  of  a  yellow  lead  chromate  (chrome 
yellow),  which  is  rather  largely  esteemed  as  a  paint.  It  should  not, 
however,  be  used  in  coloring  buns  in  place  of  the  yolk  of  ^g,  as  was  tried 
by  the  bakers  of  Philadelphia  some  thirty  years  ago,  with  disastrous 
results. 

Chromiimi  jdelds  several  oxides — chromium  oxide,  CrO;  chromium 
tetroxide,  Cr804;  chromic  oxide,  CrjOs;  chromium  dioxide,  CrOj;  chro- 
mium trioxide,  CrOs.  The  variation  in  valence  represented  by  these 
oxides  leads  to  considerable  confusion,  and  for  this  reason  the  element 
chromium  was  omitted  from  the  table  of  elements  on  p.  352.  A  similar 
confusion  is  encountered  in  the  naming  of  its  oxides,  it  being  particularly 
unfortunate  that  the  term  chromic  oxide  is  applied  to  CrjOs.  We  have 
been  tai^ht  that  an  "ic"  oxide  should  yield  the  corresponding  *'ic" 
acid,  and  yet  the  official  formerly  called  "chromic  acid"  is  not  derived 
from  CrsOs,  but  is  none  other  than  chromic  trioxide,  mentioned  above. 

CHROMn  TRIOXmUM— Chromium  Trioxide 
(Chrom.  Triox. — Chromic  Acid — Chromic  Anhydride) 

It  contains  not  less  than  95  per  cent,  of  GrOa  (100.00).  Preserve  it  in  glass- 
stoppered  bottles.  Caution :  Chromium  Trioxide  should  not  be  brought  into  contact 
with  oi^ganic  substances,  as  serious  accidents  are  liable  to  result. 

Summarized  Description, 

Small,  purplish-red,  needlenshapecnrstals or  rhombic  prisms;  destructive  to  animal 
or  vegetable  tissues:  deliquescent;  soluble  in  about  0.6  part  of  water;  decomposes 
(som^imes  with  explosions)  in  alcohol  and  other  organic  solvents;  on  heating,  darkens, 
then  fuses,  then  dissociates  with  oxygen  and  other  chromium  oxides.  For  details 
see  U.S.P.,  p.  110. 

For  teste  for  identity,  for  impurities  (sulphuric  acid)  and  for  tissay  see  U.S.  P.,  p. 
110  and  also  Part  V  of  this  book. 

Remarks, — This  compound  has  the  formula  CrOs:  In  this,  as  in  sul- 
phuric oxide,  SOs,  the  valence  of  the  characteristic  element  is  vi.  It  will 
be  seen  that  this  so-called  acid  is  in  reality  an  oxide,  the  true  acid  (the 
formiila  of  which  is  H2Cr04,  and  thus  similar  to  that  of  sulphuric  acid, 
HaSOi)  existing  only  in  solution. 

The  official  is,  therefore,  the  anhydride  of  true  chromic  acid;  an 
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inhydride  of  an  acid  being  an  acid  deprived  of  what  water  it  possessed 
in  the  form  of  hydroxyl  groups.  This  is  the  first  acid  anhydride  which 
we  have  studied  that  is  commonly  given  the  name  of  the  acid;  the  other 
official  one  being  arsenous  acid.  In  both  cases  they  are  called  acids 
instead  of  oxides  because  they  are  the  nearest  approach  to  the  true  acid 
which  can  be  obtained  in  the  solid  form,  and,  moreover,  on  dissolving 
these  oxides  in  water,  the  true  acid  is  produced. 

Chromic  acid  is  made  by  treating  the  potassium  dichromate  with  a 
molecular  quantity  of  sulphuric  acid  by  the  following  reaction: 

KsCr,07  +  2H,S04  =  2CrO,  +  2KHS0«  +  H,0. 

It  will  be  seen,  from  the  equation,  that  only  enough  sulphuric  acid 
is  used  to  convert  the  potassium  into  potassium  bisulphate.    This  salt 
is  removed  by  crystallization,  and  the  mother  liquid  then  further  concen* 
trated,  when  the  crop  of  chromic  acid  crystals  is  produced.     These  crys- 
tals cannot  be  dried  as  in  ordinary  cases  by  placing  on  bibiilous  paper, 
once  chromium  trioxide  is  a  very  powerful  oxidizing  agent,  and  will 
decompose  most  organic  substances,  including  paper.     Therefore,  in- 
stead of  paper,  some  inorganic  absorbing  surface  must  be  used.     For  this 
purpose  unbumt  porcelain  or  clean  fire-brick  is  excellent.     If  the  use  of 
either  of  these  is  inconvenient,  drjdng  plates  of  plaster  of  Paris  can  be 
used  with  excellent  results.     Such  plates  are  made  by  making  a  fairly 
thick  paste  of  plaster  of  Paris  in  water,  and  allowing  same  to  set  in  an 
appropriate  mold,  for  example,  the  cover  of  a  pasteboard  box — ^and  after 
thoroughly  drying  the  porous  plate  is  obtained. 

By  reason  of  the  oxidizing  action  of  the  chromic  acid  the  pharma- 
copoeia sounds  a  note  of  warning  against  triturating  this  chemical  with 
easily  oxidizable  material.  Hence  beware  of  prescriptions  directing 
chromic  acid  dispensed  in  pUls.  These  must  not  be  made  with  ordinary 
excipient,  but  with  petroleum  mass  (kaolin  and  soft  petrolatum).  The 
oxidizing  action  of  chromic  acid  is  used  for  the  cleaning  of  mortars,  as 
jJready  explained  on  p.  115.  Chromic  acid  is  also  very  largely  used  in 
ondation  processes  in  organic  chemistry,  for  such  purposes  where  nitric 
acid  would  act  too  powerfully.  Medicinally,  chromic  acid  is  used  almost 
entirely  as  a  caustic,  and  its  use  in  this  way  is  usually  limited  to  the  re- 
moval of  corns  or  warts.  For  this  purpose  it  is  very  effective,  but  it 
should  be  applied  only  by  a  skilled  operator,  as  careless  handling  of  the 
chemical  in  such  cases  is  apt  to  result  in  dangerous  wounds. 

Chrominm  sulphate,  Cri(S04)s,  is  made  by  treating  chromic  hydroxide  with  sul- 
It  occurs  in  dark-^reen  scale 
prostatic  troubles  m  4-graiii 


vurujuium  suipnaxe,  ^rii,ou4;s,  is  maae  oy  ^rearing 
phuiic  acid.    It  occurs  in  dark-^reen  scales,  soluble  in  water  and  is  used  in  neuras- 
thema  and  in  prostatic  troubles  m  4-srain  doses. 


POTASSn  DICHROMAS— Potassium  Dichromate 

'Hiis  salt  has  already  been  discussed  under  the  potassium  compounds, 
and  here  it  is  only  necessary  to  state  that  it  is  used  chiefly  as  an  oxidizing 
agent,  and  for  this  purpose  is  used  with  sulphuric  acid,  thus  Uberating 
chromic  acid. 

URANIUM 

Symbol  U.     Atomic  weight,  238.5 

Uranium  is  one  of  the  rarer  metals  whose  chief  ore,  pitch  blend,  has 
recently  come  into  prominehce  as  the  source  of  radium.    Like  radium 

32 
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salts,  those  of  uranium  exhibit  radio-activity.    One  uranium  salt  is  recog- 
nized in  the  present  pharmacopoeia. 

XTRAim  NITRAS— Uianium  Nitrate 

(Uran.  Nit.) 

It  contains  not  less  than  98  per  cent,  of  UOi(NOs)2  +  6H|0  (502.62)  (uranyl 
nitrate).    Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Deacnplion, 

light  yellow,  efflorescent  prisms:  bitter  astringent  taste :  radio-active ;  freely  soluble 
in  water,  alcohol  and  ether.    For  details  see  U.B.P.,  p.  483. 

For  tests  for  identity ,  for  impurities  (heavy  metals,  alkaline  earths,  iron,  manganese, 
zinc,  uranons  compounds,  sulphates)  and  for  assay  see  U.S. P.,  p.  483  and  al^  Part 
V  ot  this  book. 

Remarks. — Uranyl  nitrate  is  a  salt  in  which  uranium  exhibits  the 
valence  vi.  It  is  made  dissolving  uranium  oxide,  UrOs,  in  diluted  nitric 
acid  and  crystaUizing  the  resulting  fluid. 

It  occurs  in  light  yellow  prisms,  is  radio-active  and  is  quite  soluble  in 
water,  alcohol  and  ether.    It  is  used  (with  caution)  in  diabetes. 

Dose. — 10  milligrammes  (J^  grain). 
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CHAPTER  XXXI 
IRON 


Symbol,  Fe.     Atomic  weight,  approximately  56 

The  most  useful  and  abundant  of  metals  is  iron.  Its  use  is  so 
diversified,  both  technically  and  pharmaceutically,  that  we  must  give 
it  careful  consideration.  No  other  metal  .furnishes  more  officials,  and 
almost  without  exception  these  are  valuable. 
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The  element  is  widely  distributed  on  the  earth,  but  in  no  place  as 
the  pure  metal.  It  oxidizes  (rusts)  so  rapidly  that  it  cannot  long  remain 
pure  in  the  earth's  atmosphere.  We  find  pure  native  iron  only  in  meteoric 
stones  which  fall  from  the  heavens,  and  are  supposedly  fragments  of  the 
sun's  substance.  This  leads  us  to  the  conclusion  that  the  sun's  atmos- 
phere must  be  composed  of  some  gases  other  than  oxygen. 

The  principal  ores  of  iron  found  on  the  earth's  surface  are  as  follows: 
Magnetic  iron  ore  or  lode-stone.  This  ore,  the  history  of  which  has  been 
discussed  on  p.  485,  has  the  formula  Fe804,  and  is  supposed  to  be  a 
ferrous  ferrate,  Fe(FeOa)2,  being  derived  from  a  hypothetic  acid,  HFeOj, 
which  is  analogous  to  the  aluminic  acid  already  described  on  p.  433. 

The  name  ferric  acid  is  not  api>lied  to  this  compound,  however,  as  it  appears 
that  there  is  an  acid,  HtFe04,  in  which  iron  shows  the  valence  vi. 
The  potassium  salt  of  this  acid,  K2Fe04,  is  known. 

This  magnetic  iron  ore  is  used  more  by  reason  of  its  magnetic  prop- 
erties than  as  a  source  of  iron.  The  commercial  ores  are  chiefly  red  hemor 
tite,  FejOj,  spaOiic  iron  ore,  FeCOg  and  iron  pyrites,  FeSj.  This  last 
has  already  been  discussed  on  p.  400,  as  one  of  the  sources  of  sulphuric 
acid,  so  here  it  need  only  be  stated  that  the  term  pyrites  is  derived  from 
the  Greek  word  pt/ros,  fire,  and  is  used  in  this  case  because,  when  the  ore 
is  struck,  it  emits  sparks.  Iron  pyrites  is  also  interesting  as  being  the  only 
iron  compound  in  which  iron  shows  the  valence  iv.  Besides  these  com- 
mercial sources  of  iron,  references  should  be  made  to  the  fact  that  this 
element  is  found  in  chlorophyll  and  in  the  blood,  and  in  both  cases  its 
presence  is  necessary  to  the  life  of  both  plant  and  animal.  So  soon  as 
the  chlorophyll  of  the  plant  or  the  hematin  of  the  blood  becomes  defi- 
cient in  iron,  the  assimilation  processes  of  the  plant  or  animal  economy 
lessens,  with  corresponding  disastrous  results  to  the  organism.  When 
iron  is  absent  from  the  chlorophyll  of  plants  or  from  the  blood  corpuscles, 
such  plants  or  animals  are  said  to  be  anemic. 

Iron  has  been  known  from  ancient  times  as  one  of  the  most  vraluable 
of  metals.  In  fact,  one  of  the  most  important  steps  in  the  development 
and  progress  of  humanity  is  known  by  the  anthropologists  as  the  transi- 
tion from  the  stone  to  the  iron  age. 

VARIETIES  OF  IRON 

The  conunercial  forms  of  the  metal  iron  can  be  roughly  divided 
mto  three  groups — cast  iron,  steel,  and  wrought  iron.  The  difference 
between  these  three  groups  is  based  on  the  amount  of  carbon  contained 
in  the  metal.  Thus,  cast  iron  contains  from  3  to  6  per  cent,  carbon; 
«teei,  from  0.8  to  1.8  per  cent,  of  carbon;  and  wrought  iron,  from  0.2  to 
0.6  per  cent,  carbon. 

The  origin  of  these  different  varieties  of  iron  is  merely  a  question 
of  the  manipulation.  Cast  iron  is  prepared  by  treating  the  ore  (an 
oxide  of  iron)  with  coal  and  limestone  in  the  presence  of  a  blast  of  air. 
The  coal  in  this  case  acts  as  a  reducing  agent,  as  shown  in  the  following 
equation : 

FcOa     -f     C,     -     Fej     -f    300. 

The  carbon  monoxide  produced  also  acts  as  a  reducing  agent  on  the 
ore,  ultimately  escaping  as  carbon  dioxide  (CO2).  The  function  of  the 
limestone  is  to  form  a  combination  with  the  siUcates  naturally  found  in 
pre,  the  resiilting  calcium  silicate  separating  in  the  form  of  slagy  it  float- 
^H  on  the  surface  of  the  molten  iron.     This  process  goes  on  in  a  special 
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apparatus  (blast  furnace)  lined  with  brick  or  fire-clay,  and  it  is  so  ar- 
ranged that  the  process  is  continuous;  alternative  layers  of  the  ore, 
coal,  and  limestone  being  dumped  in  at  the  top,  meeting  the  fiery  blast 
produced  by  combustion  of  the  preceding  portions  of  coal  about  midway 
down  in  the  apparatus,  and  molten  iron  drawn  from  the  bottom. 

Wrought  iron  is  prepared  by  removing  all  the  carbon  from  the  cast 
iron  by  keeping  the  latter  in  the  molten  state  for  a  time  sufficient  to 
burn  the  carbon  contained  therein  by  contact  with  the  air.  There  are 
two  general  methods  of  accomplishing  this  result:  first  and  oldest  is 
called  puddling,  and  consists  of  melting  the  cast  iron  in  flat  vessels  hav- 
ing considerable  surface  exposed  to  the  air,  and  stirring  same  vigorously 
with  an  appropriate  paddle  or  spoon  until  all  the  carbon  has  combined 
with  the  oxygen  of  the  air.  In  the  more  modern  method  the  molten 
cast  iron  is  submitted  to  the  action  of  an  air-blast,  being  constantly 
stirred  all  the  while. 

Steel,  as  will  be  noted  above,  contains  a  carbon  percentage  midway 
between  that  of  cast  iron  and  wrought  iron.  Hence,  by  the  proper 
blending  of  these  two  forms  of  iron,  a  steel  of  any  carbon  percentage 
can  be  obtained,  the  calculation  in  this  case  being  by  the  process  of 
alligation,  similar  to  that  already  described  on  p.  59. 

This  blending  is  performed  by  the  Bessemer  process,  the  operation 
being  carried  on  in  a  special  apparatus  called  the  Bessemer  converter, 
consisting  of  a  huge,  pear-shaped  vessel,  lined  with  fire-brick,  revolving 
on  a  pivot  in  such  a  way  that  it  can  be  inverted.  Into  this  converter 
the  molten  cast  iron  is  poured,  a  blast  of  air  passed  therein  until  the 
cast  iron  is  converted  into  wrought  iron.  The  wrought  iron  is  then 
blended  with  sufficient  cast  iron  to  make  a  finished  product  of  exactly 
the  carbon  content  desired.  Besides  the  Bessemer  method,  steel  is  now 
made  largely  by  the  open-hearth  process.  Crucible  steel  is  the  name  given 
special  types  of  steel  made  in  high  black-lead  crucibles  and  now  the 
Heroult  furnace  is  used  for  preparing  such  steels.  It  is  needless  to  say 
that  this  explanation  of  the  manufacture  of  the  three  forms  of  iron  is 
superficial,  extended  comment  thereon  being  beyond  the  limits  of  this 
volume,  and  for  fuU  details  of  the  process  the  reader  is  referred  to  the 
articles  and  books  mentioned  in  the  bibliography  at  the  end  of  this 
chapter. 

It  might,  however,  be  stated  that,  for  the  modem  manufacture  of 
steel,  many  recipes  are  employed,  and  each  modification  is  usually 
the  secret  of  the  individual  ironmaster.  Thus,  in  making  these  special 
steels  many  of  the  rarer  elements,  such  as  uranium  and  vanadium  are 
added  to  impart  the  desired  toughness  to  the  steel. 

One  modification  of  steel  manufacture  is  worthy  of  passing  notice.  A  great 
drawback  in  the  manufacture  of  steel  from  the  iron  ore  obtained  in  continental 
Ihirope  was  due  to  the  fact  that  this  ore  contained  a  considerable  amoimt  of  phos- 
phorus, which  caused  the  finished  steel  to  be  brittle,  and  hence  comparatively  useless. 
A  remedy  for  this  condition  was  discovered  by  Thomas  and  Gilchnst,  who  employed 
the  simple  method  of  lining  the  Bessemer  converter  with  calcined  dolomite.  When 
the  phosphorus-bearing  ores  were  converted  into  wrought  iron  in  such  converters, 
the  phosphorus  was  absorbed  by  the  calcium  and  magnesium  of  the  dolomite  lining, 
with  the  formation  of  the  phosphates  of  these  two  metals.  Not  only  does  this 
process  afford  a  ready  means  of  removing  the  phosphorus  from  the  ore,  but  the  dolo- 
mite lining  is  thereby  converted  into  calcium  and  magnesium  phosphates,  having 
ready  sale  as  a  fertilizer. 

The  properties  of  iron  must  be  discussed  under  the  three  diversified 
forms  just  described.     All  three  forms  of  iron — cast  iron,  steel,  and 
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nrrought  iron — act  chemically  as  iron,  all  dissolving  in  acids  to  form 
Ferrous,  and  eventually  ferric,  salts.  Another  point  showing  their  iron 
origin  is  the  fact  that  all,  when  exposed  to  the  moist  atmosphere,  oxidize 
with  the  formation  of  Fe208,  which  is  familiar  to  all  under  the  name  of 
iron-rust.  Physically,  the  three  forms  show  a  marked  dis-similarity.  Cast 
irouj  for  example,  melts  at  IISO^C,  is  quite  brittle,  and  hence  breaks 
when  hammered.  This  variety  is  called  cast  iron  because  it  shares  with 
water  and  with  bismuth  the  property  of  expanding  at  the  moment  of 
solidification.  Sted  melts  at  1400°C.,  and  is  the  reverse  of  brittle,  being, 
when  properly  tempered,  the  most  elastic  of  metals.  It  is  very  hard, 
and  hence  it  is  but  ^ghtly  affected  by  the  blows  of  a  hammer,  not  break- 
ing as  cast  iron  does,  and  not  flattening,  as  does  wrought  iron.  Wrought 
iron  melts  at  15(X)°C.,  and  is  neither  brittle  nor  elastic,  but  is  very  mallea- 
ble. In  fact,  a  commercial  term  for  this  form  of  iron  is  maUeable  iron, 
and  to  this  property  is  due  its  use  in  the  arts. 

There  are  now  so  many  commercial  yarieties  of  metallic  iron  that  the  line  of 
demarkation  between  cast  iron,  steel  and  wrought  iron,  is  difficult  to  draw.  Richards 
sumests  that  all  malleable  irons  and  steels  containing  less  than  2  per  cent.«of  iron  be 
caUed  steel  and  that  all  non-malleable  iron  be  designated  as  cast  iron. 

Of  the  commercial  forms  of  iron  just  mentioned,  wrought  iron  is  the 
nearest  approach  to  the  pure  element;  steel  and  cast  iron,  being  now 
considered  as  mixtures  of  iron  with  varying  proportions  of  iron  carbide. 
Tests. — ^The  tests  for  iron  and  its  salts  are  as  foUows:  The  black  pre- 
cipitate obtained  by  treating  its  solution  with  ammonium  sidphide;  the 
reddish-brown  magma  by  treatment  of  ferric  solutions  with  ammonium 
hydroxide,  this  precipitate  being  formerly  official  under  the  name  oiferri 
(mdum  hydratum;  and  the  black  coloration  produced  on  treating  an  iron 
solution  with  tannin.  This  latter  mixture,  when  combined  with  appro- 
priate adhesive  agents,  forms  the  typical  blcick  inky  and  is  of  pharmaceutic 
interest  because  such  black  coloration  is  produced  whenever  an  iron  salt  is 
combined  with  the  preparation  of  a  drug  containing  tannin. 

Besides  these  tests,  far  more  characteristic  are  potassium  f erricyanide, 
which  gives  a  blue  precipitate  with  terrous  salts,  and  potassium  ferro- 
cyanide,  which  gives  a  blue  precipitate  with  ferric  salts.  An  exceedingly 
delicate  test  for  ferric  salts  is  the  red  color  produced  by  potassiimi  sulpho* 
cyanate. 

Metallic  iron  is  recognized  by  the  pharmacopoeia  in  two  forms,  namely, 
ferrum  and  ferrum  redudum. 

FERRUM— Iron 

(Ferr.) 

Metallic  iron  [Fe  »  55.84]  in  the  form  of  fine,  bright  wire. 

Remarks. — This  is  wrought  iron,  usually  in  the  form  of  fine,  bright, 
non-elastic  wire,  and  a  popular  variety  of  this  is  what  is  commercially 
termed  cardrteeth,  consisting  of  small  points  of  iron  wire  used  as  the  teeth 
of  appliances  employed  in  carding  wool  and  cotton. 

In  dissolving  card-teeth  in  acids,  hydrogen  is  evolved,  as  shown  in 
the  following  equation: 

Fe    +4    H2SO     =     FeSO«     +    H„ 
but  at  the  same  time  it  will  be  noticed  that  a  peculiar  odor  is  emitted. 
Tbis  odor  is  due  to  the  hydrocarbon  produced  by  the  combination  of  the 
hydrogen  with  the  carbon  contained  in  the  card-teeth. 
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Iron  wire  is  recognized  by  the  pharmacopoeia  only  as  a  source  of  iron 
compounds,  it  being  the  most  convenient  form  from  which  to  make  the 
salts  of  the  metal. 

FERRUM  REDUCTUM— Reduced  Iron 

(Ferr.  Reduct. — Ferrum  Redactum — Iron  by  Hydrogen — Quevenne's 

Iron) 

Iron  reduced  to  the  metallic  state  by  the  action  of  hydrogen  upon  ferric  oxide. 
It  contains  not  lees  than  00  per  cent,  of  metallic  iron  [Fe  »  S5.S4].  Preserve  it  in 
well-stoppered  containers. 

Summarised  DeacripUon, 

Ver^  fine,  grayish-black,  lusterless  powder;  insoluble  in  water  or  alcohol;  ignites 
on  heating,  forming  ferroso-ferric  oxide.     For  details  see  U.S.P.,  p.  172. 

For  tesU  for  id^ihf,  for  impurities  (arsenic,  sulphide)  and  for  (usay  see  U.S.?., 
p.  172  and  also  Part  V  of  this  book. 

Reduced  iron  represents  a  chemically  pure  form  of  iron;  hence  sup- 
posedly entirely  free  from  carbon.  It  is  prepared  by  placing  subcarbon- 
ate  of  ir6n  (virtually,  ferric  oxide,  Fe203)  in  a  tube  of  Bohemian  glass  or 
a  piece  of  iron  piping,  some  four  feet  long,  and  one-half  to  one  inch  in 
diameter.  Hydrogen,  produced  in  the  ordinary  way  (zinc  and  acid,  see 
p.  479),  is  passed  through  the  tube,  which  is  placed  in  an  appropriate 
coal  or  gas  furnace  and  heat  is  applied  after  the  air  has  been  expelled  from 
the  tube  by  the  current  of  hydrogen,  which,  passing  over'the  heat^  ferric 
oxide,  reduces  it  to  pure  iron  by  the  following  reaction : 

Fe,0,  +  3H,  -  Fe,  +  3H,0. 

This  explains  its  synonym,  iron  by  hydrogen. 

Before  removing  the  reduced  iron  from  the  tube,  care  must  be  taken 
to  see  that  the  same  be  perfectly  cooled.  If  the  iron  be  poured  out  while 
still  hot,  its  affinity  for  the  oxygen  of  the  air  is  so  great  that  it  directly 
combines  therewith,  with  the  formation  of  a  vivid  flame.  Such  sub- 
stances which  spont^eously  ignite  when  brought  into  contact  with  the 
air  are  said  to  be  pyrophariCf  and  as  a  striking  illustration  may  be  cited 
antimony  sulphide.  Some  writers  claim  that  pure  reduced  iron  is  not 
pyrophoric,  that  phenomena  being  caused  by  presence  of  ferrous  oxide, 
FeO. 

Reduced  iron  is  a  valuable  tonic. 

Dose. — 60  milligrammes  (1  grain). 

The  following  compounds  of  iron  are  official: 

Ferrous  Salts: 

Saccharated  ferrous  carbonate.   .  At  least  15  per  cent,  absolute  FeCOi. 
Mass  of  ferrous  carbonate.     At  least  35  per  cent,  absolute  FeCOs. 
Pills  of  ferrous  carbonate.    At  least  0.06  Um.  FeGOa  to  each  pill. 
Syrup  of  ferrous  iodide,  4.75  to  5.25  per  cent,  absolute  Fels. 
Pdls  of  ferrous  iodide  contain  0.04  Gm.  iron  and  0.05  Gm.  iodine  to  each  pilL 
Ferrous  sulphate.     At  least  99.5  per  cent,  absolute  FeS04  +  7HjO. 
Exsiccated  ferrous  sulphate.    At  least  SOper  cent,  absolute  FeSOi. 
Granulated  ferrous  sulphate,  FeSOi  -f-  7HiO. 

Ferric  ScdU: 

Ferric  chloride  (FeCU)  contains  at  least  20  per  cent,  metallic  iron. 

Solution  of  ferric  chloride  contains  29  per  cent,  absolute  FeCU  or  10  to  11  per 

cent,  metallic  iron. 
Tincture  of  ferric  chloride  contains  about  13  per  cent,  absolute  FeCU  or  4.48  per 

cent,  metallic  iron. 
Ferric  hydroxide  with  magnesium  oxide.     A  magma  consisting  of  Fe(OH)i, 

magnesium  sulphate,  and  water. 
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Sohition  of  ferric  Sulphate  contains  about  36  per  cent.  Fes(S04)s  or  9.5  to  10.5 

per  cent,  metallic  iron. 
Solution  of  ferric  subsulphate  consists  of  basic  ferric  sulphate;  contains  13  to  14 

per  cent,  metallic  iron. 
Solution  of  iron  and  ammonium  acetate.     A  pharmaceutical  containing  4  per 

cent,  tincture  of  ferric  chloride. 

Scale  SalU  of  Iron: 

Iron  and  ammonium  citrate  contain  at  least  16  per  cent,  metallic  iron. 
Iron  and  quinine  citrate  contain  at  least  13  per  cent,  metallic  iron. 
Ferric  phosphate  contains  at  least  12  per  cent,  metallic  iron. 

It  will  be  seen  that  iron  compounds  in  the  above  table  are  grouped 
into  ferrous  salts,  ferric  salts,  and  scale  salts  of  iron.  The  latter,  which 
are  pharmaceutic  preparations  rather  than  definite  chemicals,  will  be 
discussed  by  themselves  (p.  517).  The  ferrous  salts  and  ferric  salts  are 
combinations  of  acids  with  iron,  the  latter  exhibiting  two  different 
valences. 

Reference  to  the  elemental  table  on  p.  352  shows  that  iron  is  one  of 
the  positive  elements  which  possess  more  than  one  valence,  and  that, 
while  the  variation  in  the  valence  of  negative  elements  is  almost  in- 
variably a  difference  of  two — say  i,  in,  v,  vn,  or  ii,  rv,  vi — ^thus  agreeing 
with  iSrankland's  bond  idea,  explained  on  p.  350,  the  variation  of  iron, 
expressed  in  that  table,  is  ii  and  ni,  the  two  phases  of  the  element  being 
expressed  as  ferrous  and  ferric  respectively. 

The  formulas  of  ferrous  compounds,  such  as  ferrous  iodide,  Fels,  or 
ferrous  sulphate,  FeS04y  are  easy  to  comprehend  if  one  bears  in  mind  that 
bivalent  iron — iron  with  two  free  bonds — ^acts  exactly  as  does  bivalent 
calcium,  and  all  that  was  said  of  the  formulas  of  allutline  earth  metals 
on  p.  459  applies  to  ferrous  salts. 

In  giving  the  valence  in  to  the  ferric  form  clearness  is  possibly  sacri- 
ficed for  brevity,  and  it  is  well  to  explain  that  there  has  been  much  dis- 
cussion on  the  valence  of  ferric  iron,  some  giving  the  valence  in  (Fe""), 
and  others  giving  two  molecules  of  iron  with  the  valence  vi — (Fej)^'. 
The  latter  view  was  that  accepted  by  the  United  States  Pharmacopoeia 
of  1890,  but  at  the  revision  of  1900  the  trivaJent  view  was  accepted,  and 
as  a  result  the  formula  of  ferric  chloride  is  given  as  FeCla  in  the  present 
pharmacopoeia. 

The  formula  FejCU  is  accepted  by  some  chemists  (Deville  and  Troust . 
also  Priedel  and  Crafts)  because,  in  the  first  place,  the  molecular  weight 
estimations  place  it  nearer  that  of  the  formula  FesCU  than  that  of  FeCU, 
and  then,  too,  if  the  formula  FesCU  prevails,  it  would  show  the  valence 
of  ferric  iron  to  be  iv,  thus  maintaining  the  regularity  in  valence  variation 
noticeable  in  the  negative  elements.  If  iron  has  the  valence  rv,  two 
atoms  would  link  together  just  as  two  carbon  atoms  link  in  ethane  (see 
P*  ^7)i  giviiig  the  following  formula: 


Fe 


Fe 


—a 
— ci 
— ci 

FeiGle 
—CI 
—CI 
—CI 


The  only  reason  that  such  formulas  as  FeCU  are  employed  instead 
of  Fe^Cle  is  for  sake  of  brevity. 
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FERROUS  SALTS 

Ferrous  carbonate,  FeCOs,  is  official  in  three  forms:  the  saccharated, 
the  mass  and  the  pills.  In  all  these  preparations  the  carbonate  is  manu- 
factured in  about  the  same  way — ^treatment  of  ferrous  sulphate  with  an 
alkaline  carbonate.  In  the  saccharated,  sodium  bicarbonate  is  used; 
and  in  the  other  two,  potassium  carbonate  is  employed,  the  reaction  in 
the  latter  case  being — ^if  we  use  crystallized  ferrous  sulphate — 

FeS047HaO  +  K2OO,  -KjSO*  +  FeCO,  +  7H,0. 
278  138  174  116  126 

This  means  that  every  278  grammes  of  crystallized  ferrous  sulphate  will 
produce  116  grammes  of  ferrous  carbonate.  If  sodium  carbonate  is  used 
the  reaction  will  be  similar  except  that  sodium  sulphate  will  be  the 
by-product. 

Uncombined  ferrous  carbonate  is  very  unstable,  going  over  into 
ferric  oxide  by  the  following  reaction : 

2FeC0,  4-  O  -  2C0,  +  Fe,0,. 

/From  the\ 
V.       air       ) 

The  iron  carbonate  or  subcarbonate  of  iron  usually  found  in  stores, 
a  red-brown  powder,  is  almost  entirely  Fe208 — common  iron-rust.  The 
oxidation  of  the  carbonate  may  be  partly  prevented  by  protecting  the 
salt  with  si:^ar,  and  accordingly  we  find  that  all  four  official  preparations 
just  mentioned  have  sugar  as  an  ingredient. 

FEREQ  CARBONAS  SACCHARATUS— Saccharated  Ferrous  Carbonate 

(Ferr.  Carb.  Sacch.) 

Saccharated  Ferrous  Carbonate  contains  not  less  than  15  per  cent,  of  FeCOs 
(115.84).     Preserve  it  in  small,  well-stoppered  bottles,  exposed  to  light. 

Condensed  Recipe, 

Dissolve  50  Gm.  ferrous  sulphate  in  ^00  mils  of  hot  distilled  water,  add  a  few  drops 
of  diluted  sulphuric  acid  and  niter;  dissolve  35  Gm.  sodium  bicarbonate  in  500  mils 
of  distUled  water  at  50®C.  and  filter.  Put  the  soda  solution  into  a  flask,  pour  in  the 
iron  solution,  fill  flask  with  boiling  distilled  water  and  let  mixture  stand  until  sedi- 
mented.  Then  siphon  off  supernatant  liquid,  wash  precipitate  by  sedimentation  and 
siphoning  until  free  from  sulphates,  stram  on  strainer,  mix  with  sugar  and  sugar  of 
milk,  evaporate  on  a  water-bath  to  dryness  and  then  powder,  adding  enough  sugar 
to  make  100  Gm.     For  details  see  U.S.  P. 

Summarized  Description, 

Greenish-brown  powder;  gradually  oxidized  in  air;  sweetish  ferruginous  taste; 
partly  soluble  in  water;  completely  soluble  in  diluted  hydrochloric  acid,  with  effer- 
vescence.    For  details  see  U.S.P.,  p.  165. 

For  tests  for  identity,  for  impurities  (sulphates)  and  for  <issay  see  U.S. P.,  p.  165 
and  also  Part  V  of  this  Dook. 

It  will  be  seen,  from  the  above  process,  that  this  compound  is  made 
by  pouring  a  solution  of  ferrous  sulphate  into  a  solution  of  sodium  bi- 
carbonate, and  washing  the  precipitated  ferrous  carbonate  with  boiling 
water,  all  the  time  using  precautions  to  prevent  access  of  air.  The 
washed  precipitate  is  then  mixed  with  sugar,  and  evaporated  to  dryness 
on  a  water-bath,  and  finally  mixed  with  a  suflScient  quantity  of  sugar 
to  make  the  finished  product  contain  about  15  per  cent,  of  ferrous 
carbonate. 

The  saccharated  carbonate  has  all  the  properties  of  ferrous  carbonate, 
and  is  a  chalybeate  tonic,  particularly  indicated  in  anemia. 

Dose. — ^250  milligrammes  (4  grains). 
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MASSA  FERRI  CARBONATIS— Mass  of  Ferrous  Carbonate 

The  recipe  for  this  body,  commonly  called  Vallet^s  masSj  as  well  as 
full  details  of  manufacture,  will  be  found  in  Part  VII. 

It  is  made  by  pouring  a  solution  of  ferrous  sulphate  into  a  solution  of 
Bodium  carbonate,  removing  the  resulting  sodium  sulphate  by  washing 
with  warm  water,  to  which  a  sufficient  amount  of  syrup  has  been  added 
to  prevent  oxidation;  the  drained  product  is  then  combined  with  honey 
and  syrup.  This  preparation  should  contain  at  least  35  per  cent,  of 
ferrous  carbonate,  as  is  figured  out  on  p.  1001. 

Doie. — ^250  milligrammes  (4  grains). 

PILULiB  FERRI  CARBONATIS— Pills  of  Ferrous  Carbonate 
(KL  Ferr.  Garb.— Chalybeate  Pills— Blaud's  Pills— Ferruginous  Pills) 

Each  pill  contains  not  less  than  0.06  Gm.  of  FeCOt. 

Condensed  Recipe. 

Rub  8  Gm.  potassium  carbonate  in  a  mortar  with  about  5  drops  of  glycerin  and 
5  drops  of  water,  add  16  Gm.  granulated  ferrous  sulphate  and  4  Gm.  sugar  and  triturate 
until  a  green  paste  results.  Then  add  1  Gm.  tragacanth  and  1  Gm.  althsa  and  work 
into  a  mass,  using  more  water  if  necessary.  Divide  the  mass  into  100  pills.  For 
details  see  U.S.P.,  p.  324. 

Assay. — See  Part  V. 

It  wUl  be  seen  that  these  pills,  which  are  commonly  called  Blaud^s 
pOU,  are  made  by  treating  potassium  carbonate  with  ferrous  sulphate 
and  sugar,  glycerin,  and  water,  and  finally  incorporating  althsea  and 
tragacanth  as  excipients.  The  mass  is  cut  and  rolled  into  pills.  In 
maMng  these  pills  it  would  be  well  if  no  reaction  took  place  between  the 
potas^um  carbonate  and  ferrous  sulphate  until  the  pill  had  dissolved  in 
the  juices  of  the  stomach. 

By  directing  that  the  mass  be  beaten  thoroughly  until  it  assumes 
a  greenish  color,  the  pharmacopoeia  defeats  this  purpose  and  affords 
a  product  distinctly  inferior  to  Vallet's  mass.  From  the  latter  the 
alkaline  sulphate  has  been  removed,  and  the  ferrous  carbonate  is  pro- 
tected by  the  use  of  sugar  and  honey;  whereas,  the  pills,  of  which  we  are 
speaking,  still  contain  the  potassium  sulphate  and  a  lesser  amount  of 
protectbg  sugar.  Leubner  claims,  however,  that  the  pills,  when  prop- 
erly made,  keep  in  good  condition  as  long  as  15  years.  Efforts  to  make 
Blaud's  pills  in  which  the  reaction  has  not  taken  place  has  resulted  in 
many  ingenious  devices:  for  instance — one  firm  fiumishes  a  gelatin-coated 
piQ  in  which  the  ferrous  sulphate  is  placed  in  one-half  and  the  potassium 
carbonate  in  the  other  half)  being  separated  in  the  gelatin  membrane. 
The  retail  pharmacist  can  easily  prepare  a  similar  form  of  pill,  if  he  so 
desires,  by  placing  the  constituents,  one  on  top  of  the  other,  in  a  gelatin 
capsule,  the  two  chemicals  being  separated  by  a  layer  of  sugar  of  milk. 
Dose.— 2  pills. 

Mistnra  Perri  Composita  (U.S.P.  VIIIj  N.F.  IV)  or  Gnffith'a  mix/ure  is  made  by 
placmg  a  mixture  of  myrrh,  sugar^  potassium  carbonate,  and  rose  water  into  a  di»- 
pcosing  bottle,  adding  thereto  spint  of  lavender,  and  lastly  a  solution  of  ferrous 
sulphate  in  rose  water. 

Tbwpreparation  should  be  freshly  prepared  in  the  bottle  in  which  it  is  to  be  sent 
out.  When  the  ferrous  sulphate  is  added  to  the  potassium  carbonate,  an  evolution 
of  carbon  dioxide  usually  occurs,  and  care  must  be  taken  to  permit  the  complete 
»cape  of  this  gas  before  the  bottle  be  corked,  otherwise  there  is  danger  of  the  fracture 
01  the  flask.  The  preparation,  when  fresh,  is  a  bluish-green  mixture,  but  on  standing, 
y^^cially  when  a  few  doses  have  been  taken  from  the  bottle^  it  changes  to  a  brick- 
oust  red— into  the  so-called  subcarbonate  of  iron.  The  instability  of  this  preparation 
^^^  Its  use,  at  its  best,  somewhat  questionable,  and  in  dispensing  it  the  pharmacist 
would  mention  to  the  purchaser  the  color  change  which  is  bound  to  occur. 

It  u  used  as  a  ferruginous  tonic  in  tablespoonful  doses. 
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*' Fluid"  Ferrous  Carhanate. — Wilbert  has  suggested  dissolving  3.2  grammes  of 
granulated  ferrous  sulphate  in  1.5  mils  of  water  and  adding  50  mils  of  glycerin; 
1.6  grammes  of  potassium  carbonate  are  then  dissolved  in  50  mils  glycerin;  the  two  fluids 
are  mixed  without  any  precipitation.  But  on  adding  any  of  the  mixed  fluid  to  water, 
ti^e  reaction  between  the  sulphate  and  the  carbonate  begins  with  the  precipitation  of 
ferrous  carbonate.  Each  5  mils  of  the  fluid  represents  the  amount  of  ferrous  carbonate 
in  one  Blaud's  pill. 

Ferrous  chloride,  FeClt,  is  the  leading  constituent  of  liquor  ferri  protoMoridi  N.F. 
This  is  made  by  preparing  a  solution  of  ^rrous  chloride  from  card-teeth  and  a  diluted 
hydrochloric  acid  and  mixing  this  solution  with  glycerin  and  diluted  hypophosphor- 
ous  acid. 

Ferrous  iodide,  Fela,  is  another  of  the  unstable  salts  of  iron,  to  pre- 
serve which  it  is  necessary  to  add  sugar  or  some  other  substance  capable 
of  preventing  oxidation  by  the  atmosphere. 

The  reaction  of  manufacture  is  very  simple:  Fe  +  I2  =  Fel2. 

The  salt  is  oflScial  in  three  different  forms:  The  aaccharated,  the 
syrup,  and  the  piUs,  which  are  coated  with  the  balsam  of  tolu  to  pre- 
vent atmospheric  action. 

As  is  the  case  with  ferrous  carbonate,  terrous  iodide  is  very  unstable, 
splitting,  when  coming  in  contact  with  air,  into  ferric  hydroxide,  iodine, 
and  hydriodic  acid,  as  shown  in  the  following  equation : 

Fel,    +    2HtO     +    O     -     Fe(OH),     +    I     +    HI. 

(From 
Uie  air) 

This  decomposition  is  largely  obviated  by  combining  ferrous  iodide 
with  sugar  or  h3rpophosphorus  acid. 

Ferri  lodidum  Saccharatom  (XJ.S.P.  1800)  was  made  by  preparing  a  solution  of 
ferrous  iodide  by  treatment  of  iodine  with  iron  wire,  mixing  the  nltered  solution  with 
sugar  of  milk,  evaporating  to  a  dry  mass,  and  then  mixing  with  sufficient  sugar  of 
muk  to  make  a  product  containing  20  per  cent,  of  ferrous  iodide. 

This  product  was  very  unstable,  ana  hence  was  wisely  omitted  at  the  last  revision. 

STRUPUS  FERRI  lODIDI— Syrup  of  Ferrous  Iodide 
(Syr.  Ferr.  led. — Ferri  iodidi  syrupus  P.  I.) 

A  syruj^  liquid  containing  not  less  than  4.75  per  cent,  nor  more  than  5.25  per  cent, 
of  Felt  (309.68).    Preserve  it  in  completely  filled,  tightly  stoppered  bottles. 
Manufacture.— 8ee  Part  VII. 

Summarized  Description. 

Transparent,  pale-yellow,  syrupy  liquid;  sweet,  ferruginous  taste;  slightly  acid 
reaction;  sp.  gr.,  1.35.     For  details  see  U.S.P..  p.  429. 

For  tests  for  identity,  for  impurities  (iooine)  and  for  assay  see  U.S.P.,  p.  429 
and  also  Part  V  of  this  book. 

Remarks. — This  syrup  is  made  by  treating  iron  with  iodine,  filter- 
ing the  solution  of  ferrous  iodide  (to  which  a  small  amoimt  of  sugar  has 
been  added)  into  the  rest  of  the  sugar,  which  is  dissolved  therein  with 
heat.  The  finished  syrup  is  preserved  by  addition  of  a  small  amount  of 
hypophosphorous  acid.  The  syrup  of  the  present  pharmacopoeia  con- 
tains about  5  per  cent,  ferrous  iodide,  while  that  of  the  U.S.P.  1890  was 
10  per  cent. 

The  color  of  spoiled  ferrous  iodide  can  be  changed  from  the  brown 
to  the  bright  green  by  the  addition  of  a  small  quantity  of  card-teeth 
or  reduced  iron,  this  seeming  to  show  that  the  brown  coloration  is  due 
to  the  presence  of  free  iodine,  rather  than  caramel,  as  has  been  suggested 
by  one  writer.  While  the  problem  is  still  undecided,  it  behooves  the 
careful  pharmacist  never  to  dispense  a  syrup  that  has  turned  brown. 
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The  syrup  of  ferrous  iodide  is  given  as  an  alterative  and  chalybeate 
tonic,  diluted  with  water,  and  always  taken  through  a  tube,  as  the  fer- 
rous iodide  attacks  the  teeth. 

Do9e* — 1  aul  (15  minims). 


PILUUB  FERRI  lODIDI— Pills  of  Ferrous  Iodide 

(Pa.  Ferr.  lod.) 

CondoMed  Recipe. 

Mix  4  Gm.  reduced  iron  with  6  mils  of  water,  add  5  Gm.  iodine  and  triturate  until 
free  from  red  tint.  Then  add  4  Gm«  powdered  giycyrrhiza,  4  Gm.  sugar,  1  Gm. 
extract  of  glycyrrhiza,  and  1  Gm.  powdered  acacia,  triturate  to  a  paste,  heat  on  a 
water-bath  to  pilular  consistence  and  divide  into  100  pilLs.  Coat  these  with  a  solu- 
tion of  10  Gm.  btdsam  of  tolu  in  15  mils  of  ether.     For  details  see  U.S. P.,  p.  325. 

Impwriiy. — ^Free  iodine,  see  U.S.P. 

Remarks. — ^These  pills  are  made  by  triturating  reduced  iron,  iodine 
and  water  until  the  red  tint  has  disappeared;  mixing  with  glycyrrhiza, 
sugar, extract  of  glycyrrhiza  and  acacia,  beating  the  mass  to. a  pilular 
conastence,  and  coating  the  pills  with  an  ethereal  solution  of  balsam 
of  tolu.  Ks  already  mentioned,  these  pills  and  the  pills  of  phosphorus 
are  the  only  two  directed  by  the  pharmacopoeia  to  be  coated,  and  in 
both  cases  the  coating  is  not  intended  to  enhance  the  beauty  of  the  pills, 
but  to  prevent  oxidation  of  the  active  ingredient. 

Each  pill  contains  about  one  grain  of  ferrous  iodide. 

Do»e. — 2  pills. 

Feni  Uctes  (TJ.S.P.  1890;  N.F.  IV),  or  ferrous  lactate,  Fe(C,HsOs)i  +  3HsO. 
is  the  ferrous  salt  of  lactic  acid  (the  composition  of  which  will  be  found  on  p.  609) 
and  is  made  by  treating  lactic  acid  with  reduced  iron,  and  subsequent)^  evaporating 
the  solution  to  dryness. 

This  ferrous  preparation  is  the  iron  constituent  of  the  formerly  official  syrup  of 
hyjojthosphites  with  iron,  where  it  is  directed  because  it  is  supposed  to  be  a  most  easily 
assimilable  salt  of  iron.  This  claim  has  never  been  thoroughly  substantiated,  and 
the  preparation  is  one  of  doubtful  value. 

it  is  administered  in  IQij^rain  doses. 

Ferrous  aidphate  (FeSOO,  called  "green  vitriol,"  from  the  Latin 
tfitreusj  glass,  because  the  crystals  look  like  green  glass.  When  we  distil 
these  crystals,  an  oily  liquid  passes  over,  and  this,  the  alchemists  of  three 
hundred  years  since,  called  "oil  of  vitriol,"  a  name  that  still  clings  to  the 
distillate— -sulphuric  acid. 

In  an  impure  form  ferrous  sulphate  is  called  "copperas,"  although 
containing  no  copper  whatever. 

Ferrous  sulphate  is  official  in  three  forms:  The  crystalline,  contain- 
^  seven  molecides  of  water  of  crystallization;  the  granulated,  which 
contains  the  same  amount  of  water  as  do  the  crystals  (turn  t6  Granula- 
tion on  p.  151),  and,  lastly,  the  exsiccated,  which  represents  the  crys- 
talline minus  the  greater  quantity  of  its  water,  100  parts  of  the  crystals 
yielding  64  parts  of  the  exsiccated.  The  diied  is  preferable  to  the 
crystalline  in  the  manufacture  of  pills,  being  of  smaller  bulk  and  not 
causing  a  soft  mass.  Note  in  these  two  officials — ^the  crystalline  and  the 
(lried--an  interesting  demonstration  of  the  influence  of  water  of  crys- 
tallization on  a  substance.  Dried  ferrous  sulphate  is  a  grayish-white, 
opaque  powder;  while  the  crystals,  which  differ  from  the  dried  only  by  the 
presence  of  water  of  crysteJlization,  are  green  and  transparent. 
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FERRI  SULPHAS— Ferrous  Sulphate 

(Ferr.  Sulph. — Iron  Protosulphate.) 

It  contains  not  less  than  54.36  nor  more  than  57.07  per  cent,  of  anhydrous  ferrous 
Buh)hate,  corresponding  to  not  less  than  99.5  per  cent,  of  the  crystallized  salt  [FeSOi  + 
7HsO  »  278.02].     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Pale,  bluish-green,  efflorescent,  monodinic  prisms;  saline  styptic  taste;  oxidizes  on 
exposure  to  air,  becoming  coated  with  brown-yellow  basic  feme  sulphate;  soluble  in 
about  1.4  parts  of  water;  insoluble  in  alcohol.     For  details  see  U.S.P.,  p.  170. 

For  teste  for  identity,  for  impurities  (free  acid,  heavy  metals)  and  for  (issay  see 
U.S.P.,  p.  170  and  also  Part  V  of  this  book. 

Remarks. — ^This  salt  is  made  by  treating  scrap  iron  with  sulphuric 
acidy  and  evaporating  the  solution  to  a  point  where  the  green  crystals 
wSl  be  obtain^.  These  green  crystals  are  not  very  stable,  comparatively 
readily  combining  with  oxygen  of  the  air,  with  the  formation  of  basic 
ferric  sulphates  by  the  following  reactions: 


is! 


2FeS04     -f    O      -      Fe,0(S04)». 
2FeS04     -     Fe,0,S04     +      SO,. 


The  present  pharmacopoeia  directs  that  this  brown  efflorescent  salt 
must  not  be  used  for  any  official  purpose. 

In  order  to  insure  the  formation  of  a  perfectly  green  ferrous  sul- 
phate, it  is  usually  advisable  to  crystalHze  from  acid  solution  containing 
some  card-teeth,  the  latter  acting  on  the  acid  with  the  constant  evolu- 
tion of  hydrogen.  Thus,  cheap  copperas  can  be  converted  into  beau- 
tiful crystals  of  ferrous  sulphate  by  dissolving  in  water,  adding  a  small 
quantity  of  sulphuric  acid  and  some  card-teeth,  and  warming  gently 
until  a  green  solution  is  obtained.  This  is  filtered  from  the  undissolved 
ferric  oxide  and  allowed  to  crystallize. 

Ferrous  sulphate  is  used  as  an  astringent  and  chalybeate  tonic. 

Dose. — 100  milligrammes  (IJ^  grains). 

FERRI  SULPHAS  GRANULATUS— Granulated  Ferrous  Sulphate 

Official  recipe,  sUghtly  modified,  and  details  of  manufacture  will 
be  foimd  in  Part  VII. 

Remarks, — This  official  represents  ferrous  sulphate  in  the  form  of 
small  crystals  called  granules.  It  is  prepared  by  dissolving  ferrous 
sulphate  in  water  containing  diluted  sulphuric  acid,  evaporating  to  a 
certam  degree  of  concentration,  and  stirring  the  mixture  while  it  is  cool- 
ing.  (See  p.  151.)  In  this  way  the  salt  separates  into  small  crystals, 
which  are  immediately  transferred  to  a  funnel,  stoppered  with  a  'plug 
of  cotton,  the  mother  liquid  allowed  .rapidly  to  drain  ofif,  and  the  crystals 
then  freed  from  the  remaining  adhering  water  by  pouring  on  a  small 
quantity  of  alcohol;  the  object  of  washing  with  alcohol  being  to  dry  the 
granules  as  rapidly  as  possible,  and  that  without  a  loss  of  water  of  crystal- 
lization. It  should  be  emphasized  that,  theoretically,  granulated  ferrous 
sulphate  contains  exactly  the  same  amount  of  water  as  does  the  crystalKne, 
although  in  practice  it  usually  loses  a  small  amount  of  its  water  of  hydra- 
tion by  efflorescence. 

Dose, — 100  milligrammes  (13^  grains). 

FERRI    SULPHAS    EXSICCATUS— Exsiccated    Ferrous    Sulphate 

Official  recipe  and  details  of  manufacture  will  be  found  in  Part  VII. 

Remarks. — This  preparation  is  made  by  efflorescing  crystallized 
ferrous  sulphate  and  then  exsiccating  on  a  sand-bath;  100  grammes  of 
the  crystallized  yielding  64  to  65  grammes  exsiccated  salt. 
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It  will  be  seen  that  the  exsiccated  salt  is  a  much  more  concentrated 
preparation  than  the  crystaUine,  and,  therefore,  for  a  similar  dose, 
about  three-fifths  as  much  need  be  given.  It  is  admirably  adapted 
for  pills,  since  the  same  amount  of  ferrous  sulphate  can  be  given  in 
the  exsiccated  form  in  a  much  smaller  bulk. 

Dose, — 60  milligrammes  (1  grain). 

Ferrous  oxalate  (U.S.P.  1890),  FeCsOt,  is  made  by  treating  ferrous  sulphate 
with  oxalic  acid,  and  this  process  explains  the  value  of  oxalic  acid  as  a  remover  of 
ink-stains.  Most  black  ink  is  tannate  of  iron,  and  if  to  this  oxalic  acid  be  added,  the 
tannic  acid  is  replaced  by  oxalic  acid,  and  the  resulting  ferrous  oxalate  leaves  a  light 
yellow  stain,  instead  of  the  pronounced  black  of  the  ink,  and  while  the  stain  is  as 
insoluble  as  is  ink,  it  does  not  show.  In  using  oxalic  acid  for  this  purpose  great  care 
must  be  taken  lest  it  injure  the  fabric. 

FERfUC  SALTS 

Having  already  given  the  structure  of  ferric  salts  our  careful  con- 
sideration, we  can  proceed  to  the  discussion  of  the  compounds  them- 
selves, comniencing  with  one  that  will  thoroughly  explain  the  transition 
from  the  ferrous  to  the  ferric  state,  namely: 

FERRI  CHLORroUM— Ferric  Chloride 
(Ferr.  Chlor. — Iron  Perchloride) 

It  contains  FeCl*  (162.22)  in  a  hydrated  form  corresponding  to  not  less  than  20 
per  cent,  of  Fe.      Preserve  it  in  well-closed  glass  containers. 

Summarized  Description, 

Orange-yellow,  deliquescent,  crystalline  pieces;  strongly  styptic  taste;  soluble  in 
about  0.2  part  of  water;  also  soluble  alcohol,  glycerin  or  ether;  on  heating,  first  fuses, 
then  dissociates  into  water,  hydrochloric  acid  and  ferric  oxide.  For  details  see 
i:.S.P.,  p.  166. 

For  testa  for  identity,  for  impurities  (zinc,  lead,  copper,  alkaline  salts,  nitric  acid, 
ferrous  salt)  and  for  assay  see  U.S.P.,  p.  166  and  also  Part  V  of  this  book. 

Remarks. — In  making  this  salt,  we  first  treat  iron  with  hydrochloric 
acid,  which  gives  us  ferrous  chloride,  FeCU,  by  the  following  reaction : 

Fe     4-    2Ha     =     H,     +    FeCl,. 

It  is  important  to  note  that  usually  a  metal  treated  with  an  acid 
will  yield  an  '^ous"  salt  of  that  metal;  that  salt  exhibiting  the  metal 
in  its  lowest  valence.  Hence  we  get  in  this  case  ferrous  chloride,  which 
is  analogous  to  ferrous  oxide,  wluch  we  do  not  want.  We  widi  ferric 
chloride,  and  how  are  we  to  get  it?  How  did  we  make  sulphuric  oxide 
from  sulphur(m«  oxide?  See  p.  399;  by  oxidizing  with  nitric  acid;  and 
that  is  exactly  what  we  do  with  ferrous  chloride  to  change  it  into  ferric 
chloride;  the  reaction  being: 

6FeCl,     +    6Ha    +    2HN0,     -     N,0,     +    4H,0     -|-    3Fe,CU. 

Compare  this  reaction  with  that  of  the  conversion  of  sulphurous  oxide 
to  svdphuric  oxide,  given  on  p.  399,  and  the  analogy  will  be  noted. 

The  three  molecules  of  HNOb  break  into  N2O2,  H2O,  and  three  atoms 
of  oxygen,  and  on  the  basis  of  the  three  atoms  of  oxygen,  yielded 
by  the  two  molecules  of  nitric  acid,  hangs  the  entire  proportion  of  the 
equation. 

Note  that  in  this  oxidation  the  oxygen  does  not  combine  with  the 
iron,  but  that  it  seizes  the  hydrogen  of  the  hydrochloric  acid,  setting 
the  chlorine  free  and  giving  it  a  chance  to  combine  with  the  iron  of  the 
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ferrous  chloride.  This  is  a  confirmation  of  the  assertion  on  p.  398 
that  the  function  of  an  oxidizing  agent  is  not  merely  that  of  adding  oxy- 
gen to  a  substance,  but  that  its  main  effort  is  toward  raising  the  valence 
of  one  of  the  elements  entering  into  the  reaction.  Moreover,  the  element 
whose  valence  is  raised  is  not  necessarily  the  one  which  is  oxidized. 

In  practice,  ferric  chloride  is  first  made  in  the  form  of  the  official 
solution  and  this  is  then  evaporated  to  about  40  per  cent,  of  its  original 
weight  and  the  residue  is  set  aside  until  it  forms  a  crystalline  mass. 

The  pharmacopoeial  statement  that  ferric  chloride  is  soluble  in  a  mix- 
ture of  ether  and  alcohol  is  made  use  of  in  Rothe's  process  for  the  quanti- 
tative estimation  of  iron. 

The  official  ferric  chloride  is  used  as  a  styptic  externally,  and  inter- 
nally as  a  tonic. 

Dose. — 60  milligrammes  (1  grain). 

LIQUOR  FERRI CHLORIDI— Solution  of  Ferric  Chloride 
(Liq.  Ferr.  Chlor. — Solution  of  Iron  Perchloride) 

An  aqueous  solution  containing  ferric  chloride  [FeCU  "^  162.22],  corresponding 
to  not  less  than  10  per  cent,  nor  more  than  11  per  cent,  of  Fe.  Preserve  it  m  glass- 
stoppered  bottles  protected  from  light. 

Condensed  Recipe. 

Heat  125  Gm.  card-teeth  (p.  501)  with  a  mixture  of  420Gm.  hydrochloric  acid  with 
250  mils  of  distilled  water  on  a  water-bath  until  effervescence  ceases  Tor  for  one  and 
one-fourth  hours).  Then  boil  the  mixture,  filter,  wash  the  filter  with  hot  distilled 
water,  add  to  the  filtrate  22G  Gm.  hydrochloric  acid,  and  add  the  mixture  to  65  Gm. 
nitric  acid  contained  in  a  larse  porcelain  evaporating  dish.  Then  warm  gently,  add 
more  nitric  acid  if  the  liquid  is  black  and  warm  until  the  liauid  is  clear  reddish- 
brown  and  until  effervescence  ceases.  Then  evaporate  in  a  sand-bath  until  free  from 
nitric  acid,  adding  water  as  necessary.  Lastly,  add  40  Gm.  hydrochloric  acii  and 
enough  water  to  inake  1000  Gm.     For  details  see  U.S. P.,  p.  240. 

Summarized  Deacrivtion, 

Reddish-brown  liquid];  acid,  strongly  styptic  taste;  acid  reaction;  sp.gr.  1.29  to 
1.32.     For  details  see  U.S.P.,  p.  241. 

For  teste  for  identity ^  for  impuriHee  (zinc,  copper,  lead,  alkaline  salts,  nitric  acid^ 
ferrous  salts)  and  for  assay  see  U.S.P.,  p.  241,  and  also  Part  V  of  this  book. 

This  preparation  contains  about  29  per  cent,  of  anhydrous  salt,  the 
solution  containing  an  excess  of  free  hydrochloric  acid.  It  is  rarely 
administered  in  medicine,  the  tincture  of  ferric  chloride  being  preferred 
for  internal  use,  and  Monsel's  solution  is  better  for  external  styptic 
purposes. 

Dose. — 0.1  mil  (Ij^  minims). 

Liauor  Ferri  Ozychloridl  (N.F.)  is  made  by  preparing  ferric  hydroxide  from  solu- 
tion 01  ferric  chloride  and  ammonia  water  and  then  adding  to  the  washed  magma, 
hydrochloric  acid  (not  quite  enough  to  make  a  normal  chloride)  glycerin  and  water. 

TINCTURA  FERRI  CHLORIDI— Tincture  of  Ferric  Chloride 

(Tr.  Ferr.  Chlor.) 

A  hydro-alcoholic  solution  containing  ferric  chloride  [FeCU  *=  162.22]  (about  13 
per  cent.),  corresponding  to  not  less  than  4.48  per  cent,  of  Fe.  Protect  Tincture  of 
rerric  Ghloride  from  light. 

Condensed  Recipe. 

Mix  350  rails  of  solution  of  ferric  chloride  with  enough  alcohol  to  make  1  liter;  let 
stand  three  months  before  dispensing.     For  details  see  U.S.P.,  p.  454. 

Summarized  Description. 

Bright,  amber-colored  liquid;  slightly  ethereal  odor;  astringent  styptic  taste; acid 
reaction;  sp.gr.  1.00.     For  details  see  U.S.P.,  p.  454. 

For  tests  for  iderUityj  for  impurities  (nitric  acid)  and  for  assay  see  U.S.P.»  p.  454 
and  also  Part  V  of  this  book. 
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Bemarka. — ^This  galenic  preparation  is  made  by  combining  350  mils 
of  solution  of  ferric  chloride  with  alcohol,  to  make  1000  mils,  and  allow- 
ing same  to  stand  for  three  months  before  dispensing,  in-order  that 
the  free  hydrochloric  acid  found  in  the  solution  will  have  time  to  act 
on  the  alcohol  and  form  compound  ethers,  which  render  it  more  active. 

It  is  sometimes  confusing  to  a  student  to  read  superficially  that  this  tincture  con- 
tains 35  per  cent,  of  the  solution,  which  contains  about  29  per  cent,  of  ferric  chloride 
and  then  note  that  the  actual  fj^rric  chloride  content  of  the  tincture  is  about  13  per 
cent.    The  following  figures  show,  however,  that  the  latter  statement  is  correct: 

1000  mils  of  tincture  of  ferric  chloride  contain  350  jnils  of  solution  of  ferric  chloride. 

1000  mils  of  the  tincture  weigh  the  same  as  water.  1000  grammes. 

1000  grammes  of  the  tincture  contain  350  mils  ol  the  solution.  ^ 

1000  grammes  of  the  solution  contain  290  grammes  of  dry  ferric  chloride. 

1000  g[ranune8  of  the  solution  measure  1000  -^  1.3  or  769  mils. 

769  mils  of  the  solution  contain  290  grammes  of  dry  ferric  chloride. 

350  mils  of  the  solution  contain  '^5^69  X  290  or  about  131.9  grammes  of  dry 
ferric  chloride. 

Hence  1000  grammes  of  the  tincture  contain  350  mils  of  solution  or  131.9  grammes 
of  ferric  chloride;  hence  the  tincture  contains  13.19  per  cent.  FeCls. 

The  tincture  of  ferric  chloride  is  one  of  the  most  satisfactory  means 
for  the  administration  of  iron.  The  chief  objection  is  the  fact  that, 
when  taken  directly  into  the  mouth,  it  is  apt  to  injure  the  teeth,  due 
partly  to  the  iron,  but  chiefly  to  the  excess  of  acid  present  in  the  prepara^ 
tion.  It  is,  therefore,  generally  directed  to  be  administered  largely 
diluted  with  water  and  sucked  through  a  tube.  A  very  simple  and 
eSective  method  of  administration,  totally  devoid  of  any  danger  of 
injuring  the  teeth,  is  to  drop  the  dose  of  the  tincture  into  a  gelatin  capsule 
of  appropriate  size,  say.  No.  2  or  No.  3,  and  then  swallow  the  same  imme- 
diately in  a  draught  of  water.  Such  capsules  are  unstable,  the  water  in 
the  tincture  dissolving  the  gelatin,  and  hence  must  be  made  by  the  patient 
at  the  moment  of  administration — a  very  simple  matter  when  the  proper 
directions  are  given. 

Dose, — 0.5  mil  (8  minims). 

The  tincture  of  ferric  chloride  is  an  ingredient  of  the  solution  of  iron 
and  ammonium  acetate,     (See  p.  516.) 

'Hnctore  Fenl  Citro-chloridi  (N.F.)  was  devised  bv  Cruse,  under  the  name  of 
toateleM  fincivTe  o/  vrcn  and  is  made  by  treating  solution  of  ferric  chloride  with 
sodium  citrate  and  adding  idcohol  and  water.  It  is  a  beautiful  green  fluid  and  is 
valuable  inasmuch  as  prescriptions  calling  for  tincture  of  ferric  chloride  alon^  with 
alkalme  phosphates  can  frcM^uently  be  compounded  without  precipitation,  if  the 
eauivalent  quantity  of  the  tincture  of  the  citro-chloride  is  employed.  Like  tincture 
of  ferric  chloride  U.S.  P.  the  tincture  of  citro-chloride  represents  350  mils  of  the  official 
solution  to  the  liter. 

Tinctura  Ferri  Chloridi  Aetherea  (N.F.)  or  BestuscheffB  tincture^  is  an  ethereal 
tincture  of  ferric  chloride.  It  is  made  by  mixing  6  parts  of  the  official  solution  of 
ferric  chloride  with  enough  of  a  mixture  of  alcohol  and  ether  to  make  one  liter  and 
letting  the  mixture  stfmd  in  the  sunlight  until  it  is  bleached. 

Ferri  Hypophosphis  (U.S.P.  VIII;  N.F.  IV)  or  ferric  hypophosphite  Fe(PH|0,)», 
seems  to  present  a  verv  difficult  symbolic  formula.  However,  a  complete  explana- 
tion of  the  formula  of  hypophosphorous  acid,  HPHsOs,  is  given  on  p.  406.  The 
fonnula  there  given  shows  but  one  hydroxyl  group,  and  a  dictum  in  chemistiy  is 
that  in  all  inorganic  acids,  save  the  haloids,  only  those  hydrogen  atoms  found  m  a 
hydroxyl  group  are  replaceable  by  a  metal.  Hence  hypophosphorous  acid  has  but  one 
icplaceabte  hydrogen;  unlike  its  near  relative,  phosphoric  acicl,  whose  graphic  formula, 

fiven  on  p.  359,  shows  it  to  have  three  hydroxyls,  and  therefore  three  replaceable 
ydrogens. 
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Since  one  molecule  of  hvpophosphorous  acid  contains  but  one  atom  of  replaceable 
hydrogen,  and  since  the  valence  of  ferric  iron  is  in,  if  preferred,  (Fei)^^,  two  atoms  of 
ferric  iron,  which  can  replace  six  atoms  of  hydrogen,  will  combine  with  six  molecules 
of  hypophosphorous  acid,  thus: 

r  HPH^.  r PH^. 

f- A-  HP  H,0,  f-A PH.O, 

■  ^—  HPH,0,  ■  ^ PHjO,  or 

I  plus  gives    I                                Fes(PHsOt)c. 

■"      —  HP  HjOs                 ■" PH»0 

f-A-  HP  H,0.                l-p PH,o! 

■  ^—  HP  H,0,                ■  ^ PH,G, 

This  salt  is  made  by  treating  a  solution  of  calcium  hypophosphite 
with  a  solution  of  ferric  chloride,  when  ferric  hypophosphite  is  produced 
by  the  following  reaction: 

3Ca(PH,0,),     +     Fe,Cle     -     2Fe(PH,02)3     +     3CaCl,. 

In  this  case  calcium  chloride  dissolves,  while  the  ferric  hypophos- 
phite precipitates. 

Ferric  hypophosphite  possesses  properties  similar  to  all  hypophos- 
phites,  with  the  additional  advantage  of  being  a  chalybeate  tonic.  It  is 
given  in  3-grain  doses. 

Liquor  Ferri  Hypophosphis  (N.F.)  is  a  16.5  per  cent,  solution  of  ferric  hypophos- 
phite m  glycerin  ana  water;  potassium  citrate  bemg  added  to  facilitate  the  dissolving 
of  the  iron  salt. 

Ferric  Valerianate  (U.S.P.  1890),  Fe(CsHtOt)s)  is  the  ferric  salt  of  valerianic  acid, 
the  chemistry  of  which  will  be  found  on  p.  617.  It  is  made  by  the  double  decomposition 
of  sodium  valerianate  with  ferric  sulphate,  the  reaction  being  as  follows : 

6NaC»H,0,     +     FcCSOi).     =     SNajSO*     +     2Fe(C»H,0,),. 

The  insoluble  ferric  valerianate  thus  produced  is  separated  from  the  sodium 
sulphate  by  filtration  and  subsequent  washmg  of  the  precipitate. 

The  ferric  valerianate  is  given  as  a  tonic  and  nervine  in  doses  of  from  0.3-0.6  Gm. 
(5-10  grains). 

Feni  et  Ammonii  Sulphas  (U.S.P.)  or  ferric  ammonium  atUphaUf  is  the  well-known 
ferric  cUum,  the  chemistrv  of  which  was  thoroughly  explained  on  p.  492  among  the 
other  alums,  hence  we  only  need  to  emphasize  the  analogy  between  the  official  alum 
and  ferric  alum : 

Alum  (U.S.P.)  is K,S04Al,(S04)a24H,0. 

Ferric  alum  is   (NH4)tS04Fei(S04)a24H|0. 

Ferric  alum  is  made  by  combining  molecular  quantities  of  the  solution  of  ferric 
sulphate  with  a  solution  of  ammonium  sulphate.  On  evaporating  the  mixture  the 
pure  crystals  of  ferric  alum  separate,  leaving  the  dark-brown  mother  liquor.  As 
already  mentioned  on  p.  492,  ferric  alum  possesses  very  few  of  the  properties  of  the 
avera^  iron  salt,  being  much  more  similar  to  the  alums. 

It  IS  used  as  styptic  and  very  rarely  internally. 

Ferric  sulphate,  Fe2(S04) z,  which  is  graphically    p( — SO4 


Fe 


\ 

=  S04, 


is  official  in  the  form  of  a  solution  containing  about  36  per  cent,  of  ferric 
sulphate — called  liquor  ferri  i«rsulphatis,  to  distinguish  it  from  the 
official  solution  of  the  basic  salt,  liquor  ferri  subsulphatia,  which  is  com- 
monly called  "Monsel's  solution." 
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LIQUOR  FERRI TERSULPHATIS— Solution  of  Ferric  Sulphate 
(Liq.  Ferr.  Tersulph. — Solution  of  Iron  Tersulphate) 

An  aqueous  solution  containing  normal  ferric  sulphate  [Fe2(S04)s  »  399.89], 
corresponding  to  not  less  than  9.5  per  cent,  nor  more  than  10.5  per  cent,  of  Fe. 
Manufacture, — See  Part  VII. 

Summarized  Description. 

Yellowish-brown  liquid;  acid,  strongly  styptic  taste;  acid  reaction;  miscible  with 
alcohol  and  with  water;  sp.  gr.  1.432.     For  details  see  U.S.P.,  p.  244. 

For  teats  for  identity^  for  impurities  (nitric  acid,  ferrous  salt)  and  for  assay  see 
U.S.?.,  p.  244  and  also  Part  V  of  this  book. 

Remarks. — Solution  of  ferric  sulphate  is  made  by  the  oxidation  of 
ferrous  sulphate  with  nitric  acid,  and  by  a  process  entirely  analogous 
to  that  described  under  the  head  of  ferric  chloride.  Details  on  p.  609. 
As  in  the  case  of  ferric  chloride,  it  is  seen  that,  to  accomplish  this  result, 
not  only  is  nitric  acid  necessary,  but  also  an  additional  quantity  of  the 
characteristic  acid,  in  this  case  sulphuric  acid,  the  amount  of  the  latter 
being  directly  proportional  to  the  difference  in  SO4  groups  expressed  in 
the  two  formulas,  ferrous  sulphate  and  ferric  sulphate. 

The  solution  of  tersulphate  of  iron  is  one  of  the  most  important  of 
the  iron  preparations,  although  very  rarely  called  for  in  prescriptions 
or  at  the  counter.  It  is  the  basis  of  all  the  scale  salts  of  iron,  and  is 
the  iron  constituent  used  in  preparing  the  antidote  for  arsenic.  For 
this  reason,  if  for  no  other,  the  pharmacist  must  keep  in  stock  a  solution 
of  tersulphate  of  iron. 

It  is  worth  noting  that  the  ferric  sulphate  of  this  preparation  is  the 
true  persulphate  of  iron,  though,  through  an  unfortunate  blunder, 
custom  has  established  the  precedent  of  calling  the  solution  of  subsul- 
phate  of  iron  ''solution  of  persulphate  of  iron." 

LIQUOR  FERRI  SUBSULPHATIS— Solution  of  Ferric  Subsulphate 

(Liq.   Ferr.   Subsulph. — Monsel's   Solution — Solution   of  Basic   Ferric 

Sulphate) 

An  aqueous  solution  containing  basic  ferric  sulphate  corresponding  to  not  less 
than  13  per  cent,  nor  more  than  14  per  cent,  of  Fe. 

Condensed  Recipe. 

Dilute  65  Gm.  sulphuric  acid  with  500  mils  of  distilled  water  in  a  porcelain  evapo- 
rating dish,  heat  to  100°C.  and  add  70  Gm.  nitric  acid.  Then  add  675  Gm.  coarsely 
powdered  lerrous  sulphate  divided  into  four  equal  portions  and  add  these  portions, 
one  at  a  time,  to  the  hot  liquid,  stirring  after  each  addition  until  effervescence  ceases. 
If,  after  adding  all  of  the  ferrous  sulphate  the  liquid  is  black,  add  enough  more  nitric 
acid  to  complete  the  oxidization  (see  p.  509) ;  then  boil  until  the  solution  is  free  from 
nitric  acid,  adding  enough  distilled  water  to  prevent  too  great  concentration.  Lastly, 
add  enough  distilled  water  to  make  1000  Gm.     For  details  see  IJ.S.P.,  p.  243. 

Summarized  Description. 

Dark  reddish-brown  liquid;  acid,  strongly  styptic  taste;  miscible  with  water  and 
alcohol;  sp.  gr.  1.548.     For  details  see  U.B.P.,  p.  243. 

For  testa  for  identity,  ior  impurities  (nitric  acid,  ferrous  salt)  and  for  asaay  see 
U.S.P.,  p.  243  and  also  Fart  V  of  this  book. 

Remarks. — ^This  is  commonly  called  MonseFs  solution.  The  prefix 
''sub"  means  a  basic  salt — a  combination  of  an  oxide  of  a  metal  with  a 
salt  of  the  same  mefal.  Thus,  ferric  ^tibsulphate  is  a  combination  of 
ferric  sulphate  and  ferric  oxide;  bismuth  sixfenitrate  is  a  combination  of 
bismuth  nitrate  and  bismuth  oxide;  and  so  on.  Note  that  in  the  phar- 
macopceia  definition  given  above,  no  symbolic  formula  is  assigned  the  iron 
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• 

salt  found  in  Monsel's  solution.    In  the  pharmacopoeia  of  1880  the 
formula  was  given  as  Fe40(S04)59  which  may  be  untangled  as  follows: 

If  we  take  three  molecules  Fe40(S04)6  we  get FitOt(S04)is 

Subtract  from  this FetOi 

We  have  left Feio(804)u 

Or 6Fe,(S04)a. 

In  other  words,  five  molecules  of  ferric  sulphate  and  one  molecule  of 
ferric  oxide  give  three  molecules  of  ferric  subsulphate. 

Both  solutions — of  ferric  subsulphate  and  of  ferric  tersulphate — 
are  made  from  ferrous  sulphate — ^just  as  ferric  chloride  was  made  from 
ferrous  chloride — by  oxidation  with  nitric  acid,  the  reaction  in  making 
ferric  tersulphate  being: 

6FeS04       +      3H,S04     +     2HN0,     »     3Fe,(S04)s     +     N,0,     +     4H,0. 

Compare  this  to  the  equation  in  making  subsulphate,  viz. : 
12FeS04     +    3H,S04     +     4HN0,     =     3Fe«0(SO«)6     +     2N,0,     +     5H,0. 

This  shows  that  while  three  molecules  .of  sulphuric  acid  are  used  in 
both  reactions,  that  quantity  suffices  for  six  molecules  of  ferrous  sulphate 
in  making  the  tersulphate,  and  for  twelve  molecules  of  ferrous  sulphate 
when  the  subsulphate  is  made.  In  other  words,  in  making  the  tersul- 
phate from  a  given  quantity  of  ferrous  sidphate,  twice  as  much  sidphuric 
acid  is  required  as  is  needed  to  make  the  subsulphate.  The  NsOs  of 
the  equations  just  given  is  a  colorless  gas,  which  on  coming  in  contact 
with  the  air  is  instantly  converted  into  N2O4,  which  we  met  in  the  1^- 
phuric  acid  manufacture  and  which  form  the  red  fumes  spoken  of  in  the 
pharmacopoeial  process. 

Note  that  Monsel's  solution — the  sttteulphate — is  to  be  dispensed 
when  the  persulphate  is  called  for. 

As  just  mentioned  above,  the  solution  of  subsulphate  of  iron  dififers 
from  the  solution  of  tersulphate  of  iron  in  that  it  is  made  from  less 
sulphuric  acid  and  more  ferrous  sulphate.  This  is  best  shown  by  a  com- 
parison of  the  quantities  of  the  ingredients  of  the  two  solutions: 


FVRBOtJB  SULPBATB       SuitPBUBZC  AciD 

. .     600  Gm.  96  Gm.  \  to 

Solution  of  subsulphate 675  Gm.  65  Gm.  /        ished  product. 


Solution  of  tersulphate 600  Gm.  96  Gm.  \  to   1000  Gm.  fin- 


One  of  the  simplest  tests  of  distinction  between  the  two  solutions  is 
the  behavior  of  each  when  treated  with  an  equal  quantity  of  concentrated 
sulphuric  acid.  Under  such  treatment  the  sul^ulphate  forms  asemi- 
soUd  mass,  while  the  tersulphate  forms  a  clear,  limpid  liquid. 

The  solution  of  subsulphate  of  iron  is  a  favorite  styptic  and  astrin- 
gent, used  for  staunching  the  flow  of  blood,  and  is  rarely  given  internally. 
The  residue  from  the  evaporation  of  the  solution,  termed  ManseVs  powder 
in  commercial  usage,  is  very  largely  used  for  this  purpose,  especially  in 
barber  shops  for  the  drying  up  of  cuts  produced  in  shaving. 

Dose. — 0.2  mil  (3  minims). 

Liquor  Feni  Ozysulphatis  (N.F.)  is  a  solution  of  ferrous  sulphate  oxidized  with 
nitric  acid  without  addition  of  extra  sulphuric  acid. 
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Magma  Fenri  Hydroxidi  (N.F.),  or  ferri  hydroxidum  (U.S.P.  VIII),  is  ferric  hy- 
droxide Fe(OH)a  and  is  produced  by  pouring  a  diluted  solution  of  ferric  sulphate  into 
a  diluted  ammonia  water;  the  equation  showmg  the  reaction  being 

Fe,(S04)s     -h    6NH4OH     =     2Fe(0H),     -f    3(NH4)^0«. 

It  is  a  red-brown,  thick,  tenacious  precipitate,  cabled  a  ''magma,"  already  men- 
tioned (p.  145). 

In  making  this  preparation,  it  is  very  important  that  the  tersulphate  solution 
be  added  to  the  dilutea  ammonia.  If  the  reverse  operation  is  performed,  we  obtain 
an  oxyhydrate  rather  than  the  hydroxide  itself. 

Since  ferric  hydroxide  very  rapidly  decomposes  into  water,  and  ferric  oxide,  which 
is  insoluble  even  in  acids,  it  must  be  freshly  prepared  when  wanted,  and  since  when 
needed  for  poisoning  witn  arsenic,  it  must  be  dispensed  with  the  least  possible  loss 
of  time,  every  pharmacist  should  keep  on  han'd  dduted  solutions  of  ammonia  water 
and  of  ferric  sulphate.   Moreover,  in  order  to  expedite  matters,  it  is  advisable  to 
place  convenient  to  the  bottles  holding  these  two  solutions  strainers  and  their  required 
paraphernalia.     Since  the  dispensing  of  these  preparations  for  poisoning  by  arsenic, 
fortunately,  does  not  occur  every  day,  this  outfit  may  rest  on  the  shelf  for  years  with- 
out being  used.  ^  Such  beine  the  case,  it  is  advisable  to  renew,  from  time  to  time,  the 
diluted  ammonia  water.    The  diluted  solution  of  ferric  sulphate  keeps  perfectly. 
When  dispensed  as  an  antidote  for  arsenic  poisoning,  haste  is  the  ^rime  requirement, 
and  hence  the  pharmacist  need  not  bother  about  washing  the  precipitate  completely 
free  from  the  ammonium  sulphate.     All  that  is  necessary  is  to  free  the  ma^ma  from 
ammonia  water.     In  practice  it  is  best  to  prepare  rapidly  a  small  quantity  of  the 
magma,  say,  one  or  two  ounces,  in  a  very  incomplete  way,  and  despatch  this  to  the 
eufferer  with  the  promise  of  an  additional  quantity  to  be  sent  later  on.     However,  for 
the  purpose  of  an  antidote  for  arsenic  ferric   hydroxide  with  magnesia  (p.  516)  is 
preferred. 

For  chemical  purposes,  such  as  for  the  manufacture  of  scale  salts  and  the  detan- 
nating  of  pharmaceuticals,  the  ferric  hydroxide  so  employed  should  be  totally  free  from 
ammonium  sulphate.  The  process  of  washing  the  precipitate  is  very  tedious.  The 
writer,  for  such  purposes,  throws  the  magma  on  large  canvas  stramers  of  texture 
sufficiently  coarse  to  permit  the  passage  of  water.  Through  such  strainers,  however, 
a  considerable  quantit]^  of  the  magma  is  apt  to  escape  at  m*st,  and  in  order  that  none 
of  this  be  lost,  the  strainers  are  arranged  in  a  rack,  so  that  tiers  of  at  least  three  such 
str&iners  are  employed.  In  this  way  the  magma  passing  through  the  top  strainer 
had  a  chance  to  collect  on  the  second  strainer,  and  that  which  passed  through  the 
second  strainer  was  almost  sure  to  be  retained  by  the  third  one.  Beneath  the  third 
strainer  a  suitable  receptacle  for  collecting  the  drippings  was  placed.  After  the 
precipitate,  with  its  supernatant  liquor,  had  been  transferred  to  the  strainers,  the 
wash-water  was  introduced  into  the  top  strainer  by  means  of  a  siphon,  so  regulated 
that  the  amoimt  of  water  dripping  through  exactly  replaces  the  amount  of  water 
dripping  therefrom. 

In  this  way  large  quantities  of  magma  can  be  readily  washed  within  twelve  to 
eighteen  hours. 

Ferric  hydroxide  was  introduced  into  medicine  by  reason  of  its  value  as  an  anti- 
dote for  arsenic,  the  discovery  of  this  property  being  made  by  Bunsen  and  Berthold 
m  1834.  The  chemical  reason  of  the  efficiency  of  the  hydroxide  for  this  purpose  is 
very  simple,  being  due  to  the  formation  of  the  insoluble  ferric  arsenite,  as  shown  in 
the  following  equation : 

3As,0,     -h     2Fe(0H),     =     2Fe(AsO,),     +     3H2O. 

For  antidotal  purposes  it  is  administered  in  tablespoonf ul  doses,  followed  by  an 
emetic,  and,  as  mentioned  above,  the  ferric  hydroxide  with  magnesia  is  now  considered 
preferable. 

Phannaceutically,  ferric  hydroxide  is  the  basis  of  the  scale  preparations  of  iron. 
xj^y^  iron  is  an  unofficial  modi^ation  of  ferric  hydroxide,  and  has  already 
Undiscussed  as  a  type  of  the  product* of  dialysis  (p.  154). 

f  Ja  preparation  was  originally  made  by  treating  solution  of  ferric  chloride  with 
^^*"y.  precipitated  ferric  hydroxide.  It  is  now  usually  made  bv  treating  solution 
of  ferric  chloride  with  ammonia  water.  The  mixture  is  placed  on  the  dialyzing 
membrane,  when  crystalline  substances,  ammonium  chloride  and  ferric  chloride, 
pass  throurii  the  septum,  leaving  colloidal  ferric  oxychloride,  of  composition  varying 
^rom  FejCL  llFcO,  to  Fe,Cle,  31Fe,0i.  Physical  chembts  consider  it  a  colloidal 
solution  of  ferric  hydroxide. 

Dialyzed  iron  is  a  limpid,  red-brown  liquid,  free  from  acidity  and  without  styptic 
^^-    It  is  used  as  a  tonic  in  doses  of  5  to  30  drops. 
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FERRI  HYDROXmUM  CUM  MAGNESH  OXIDO— Ferric  Hydroxide 

with  Magnesium  Oxide 

(Ferr.  Hydrox.  cum  Mag.  Oxid. — Arsenic  Antidote.   Ferric  Hydrate  with 

Magnesia) 

Condensed  Recipe, 

Mix  40  mils  of  solution  of  ferric  sulphate  with  125  mils  of  water;  and  keep  it  in  an 
appropriate  bottle.  Triturate  10  Gm.  magnesium  oxide  with  enough  water  to  make 
a  thin  paste  and  keep  it  in  a  liter  bottle,  adding  enough  water  to  make  paste  measure 
about  750  mils.  On  call  add  the  ferric  solution  to  the  wellnshaken  paste  and  then 
dispense.  The  magnesium  oxide  may  be  replaced  by  300  mils  of  magnesia  magma. 
For  details  see  U.S.P.,  p.  168. 

It  will  be  seen  that  this  preparation  is  made  by  treating  diluted 
solution  of  ferric  sulphate  with  the  milk  of  magnesia  (that  is,  magnesia 
rubbed  with  water),  the  reaction  being: 

2Fe2(SO«)8     +     6Mg(0H),     =     4Fe(0H),     +     6MgS0«. 

The  result  of  this  reaction,  as  will  be  noticed,  is  practically  the  same 
as  in  the  method  of  making  pure  ferric  hydroxide.  The  great  advantage, 
however,  is  that  the  magma  thus  produced  is  efficient  without  washing, 
because  the  impurities  are  the  mild  alkali,  magnesium  hydroxide,  and 
the  harmless  magnesium  sulphate.  These  two  compounds  also  serve* 
antidotal  purposes  by  reason  of  the  formation  of  the  insoluble  magne- 
sium arsenite.  For  this  reason  this  preparation  is  greatly  to  be  preferred 
over  the  pure  ferric  hydroxide  as  an  antidote  for  arsenic,  it  being  rapidly 
prepared  by  the  blending  of  the  diluted  solution  of  ferric  sulphate  with  a 
magnesia  mixture,  followed  by  the  rapid  removal  of  the  superfluous  water 
by  straining.  The  pharmacopoeia  directs  that  the  diluted  solutions  of 
ferric  sulphate  and  the  milk  of  magnesia  should  be  kept  on  hand  by  the 
pharmacist,  for  instant  admixture  in  cases  of  arsenical  poisoning. 

Dose. — Arsenical  antidote,  120  mils  (4  fluidounces). 

Fern  Ozidum  Saccharatum  (N.F.)  is  made  by  preparing  ferric  h^rdroxide  from 
ferric  chloride  and  sodium  carbonate,  mixing  the  washed  magma  with  sugar  dis- 
solving the  mixture  in  a  15  per  cent,  solution  of  sodium  hydroxide  and  then  evaporat- 
ing the  solution  to  dryness  on  a  water-bath.     It  contains  2.8  per  cent,  of  iron. 

LIQUOR  FERRI  ET  AMMONU  ACETATIS— Solution  of  Iron  and 

Ammonium  Acetate 

(Liq.  Ferr.  et  Ammon.  Acet — Basham's  Mixture) 

Condensed  Recipe, 

Mix  together  in  order  named,  500  mils  of  a  slightly  acid,  solution  of.ammoniujn 
acetate,  60  mils  of  diluted  acetic  acid,  40  mils  of  tmcture  of  ferric  chloride,  120  mils 
of  aromatic  elixir,  120  mils  of  glycerin  and  enough  distilled  water  to  make  1  liter. 

Summarized  Description. 

Clear,  reddish-brown  liquid:  sweetish  saUne  then  slightly  astringent  taste;  aromatic 
odor:  sp.  gr.  1.039.     For  details  see  U.S.P.,  p.  242. 

For  tests  for  identity f  see  U.S.  P. 

Remarks, — In  mixing  the  chemicals  as  above  described,  ferric  acetate 
is  produced,  and  a  brilliant  garnet  solution  ensues.  In  preparing  the 
solution,  it  is  important  that  the  full  amount  of  acetic  ax;id  be  employed, 
for  if  the  solution  is  not  distinctly  acid,  the  basic  acetate  of  iron  will 
separate  as  an  unsightly  red-brown  precipitate. 

The  same  precipitate  occurs  in  a  propeHy  prepared  solution,  when  it 
becomes  old,  hence  the  pharmacopceial  direction  as  to  preparing  freshly. 
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Basham^s  mixture^  as  this  solution  is  called,  is  a  p)opular  tonic  in 
Bome  sections. 

Dose. — 15  mils  (4  fluidrachms). 

Solution  of  Ferric  Acetate  (U.S.P.  1890;  N.F.  IV). — This  preparation,  containing  31 
per  cent,  of  the  anhydrous  salt,  is  made  by  dissolving  freshly  prepared  ferric  hydroxide 
in  the  molecular  quantity  of  glacial  acetic  acid. 

The  solution  ot  ferric  acetate  is  used  as  a  mild  chalybeate  tonic,  and  in  doses  of 
2  to  10  minims. 

Solution  of  Ferric  Nitrate  (U.S.P.  1890;  N.F.  IV). — This  preparation,  containing 
1.3  per  cent,  metallic  iron,  is  made  by  a  process  very  similar  to  that  used  in  making 
the  solution  of  ferric  acetate;  the  ferric  hydroxide  in  this  case  being  dissolved  in  the 
molecular  quantity  of  nitric  acid.  This  solution  is  interesting  by  reajBon  of  the  light 
tint  which  it  possesses;  most  of  the  other  ferric  solutions  are  of  a  brilliant  garnet-red, 
but  this  one  usually  possesses  a  color  scarcely  darker  than  amber. 

Solution  of  Ferric  Citrate  (U.S.P.  1890;  N.F.  IV).— Recipe  and 
details  of  manufacture  in  Part  VII, 

This  solution,  like  the  two  just  discussed,  is  made  by  treating  ferric 
hydroxide  with  an  appropriate  acid;  in  this  case,  citric  acid.  If  to  the 
drained  magma  crystals  of  citric  acid  are  added,  and  the  mixture  placed 
on  a  water-bath  for  a  few  minutes,  the  magma  is  converted  into  a  clear 
garnet-red  solution,  usually  weaker  than  the  pharmacopoeial  strength. 
It  is,  therefore,  evaporated  on  a  water-bath  at  a  temperature  not  exceed- 
ing 60°C.  This  shows  that  a  large  amount  of  water  is  mechanically 
held  by  the  ferric  hydroxide,  its  absorbing  capacity  being  almost  as  great 
as  that  of  aluminum  hydroxide. 

The  solution  of  ferric  citrate  affords  a  convenient  liquid  form  of  that 
valuable  remedy — ^ferric  citrate.  It  contains  about  50  per  cent,  of  ferric 
citrate,  and  will  be  found  of  great  convenience  in  dispensing  in  pre- 
Bcriptions  directing  ferric  citrate  dissolved  in  water,  since  the  dissolving 
of  ferric  citrate  is  quite  tedious. 


THE  SCALE  SALTS  OF  IRON 


Having  discussed  the  official  ferrous  and  ferric  salts,  we  can  now 
consider  the  third  group  of  official  iron  compounds — the  scale  prepara- 
tions of  iron. 

These  preparations  are  not  always  definite  chemicals;  thus,  the  official 
soluble  ferric  pyrophosphate  is  a  mixture  of  pyrophosphate  of  iron,  which 
in  pure  form  is  an  insoluble  green-gray  p)owder,  and  sodium  citrate,  with 
traces  of  sodium  pyrophosphate  and  ferric  citrate.  The  scale  prepara- 
tions are  bright,  shining  fragments,  which  are  not  crystals,  despite  an 
impression  to  that  effect,  arising  no  doubt  from  a  brand  of  scale  pepsin  on 
the  market  termed  ''crystal  pepsin." 

Crystals  are  bodies  having  definite  geometric  form,  and  any  examina- 
tions of  a  scale  preparation,  no  matter  how  superficial,  will  prove  absence 
of  distinct  unvarying  form.  Preparations  are  scaled  just  as  molasses 
candy  is  made — by  concentrating  to  a  thick  syrup  and  pouring  this  on  a 
smooth  hard  surface,  usually  on  sheets  of  glass. 

All  scale  preparations  of  iron  are  made  directly  or  indirectly  from 
ferric  hydroxide,  that  red-brown  magma  formed  by  adding  solution  of 
ferric  sulphate  to  a  diluted  water  of  ammonia. 

If  we  treat  the  magma  with  citric  acid,  ferric  citrate  is  formed ;  if 
tartaric  acid  be  the  acid  added,  we  get  ferric  tartrate ;  while  if  we  use  acid 
potassium  tartrate  (potassium  bitartrate),  iron  and  potassium  tartrate 
wiU  be  the  product. 
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AH  the  official  scale  preparations  of  iron  save  the  last  two  mentioned 
are  made  from  ferric  citrate;  hence  we  will  discuss  those  two  firsts  and  then 
have  clear  sailing  for  those  owing  their  existence  to  ferric  citrate. 

Ferri  et  Ammonia  Tartras  (U.S. P.  VIII),  or  iron  and  ammonium  tartrate,  is  prepared 
by  adding  ferric  hydroxide  to  a  solution  of  ammonium  tartrate  and  tartaric  acid, 
evaporating  to  syrupy  consistence,  and  pouring  on  plates  of  g[lass.  As  the  last  part 
of  the  process— evaporating  and  pouring  on  plates  of  glass — ia  common  to  all  scale 
preparations,  we  will,  for  brevity's  sake,  call  it  scaling  in  future.  Like  all  other  scaled 
iron  salts,  the  product  is  a  tonic.    Its  dose  is  4  grains. 

Ferri  et  Potassii  Tartras  (U.S. P.  VIII),  or  iron  and  potassium  tartrate,  is  pr^ared 
like  iron  and  ammonium  tartrate.  In  the  latter  the  ferric  hydroxide  is  treated  with 
what  may  be  considered  a  solution  of  ammonium  bitartrate,  whereas  in  the  iron  and 
potassium  tartrate  the  magma  is  dissolved  by  trea^ng  with  potassium  bitartrate  or 
cream  of  tartar.  This  fact  is  worth  passing  notice,  inasmuch  as  it  clearly  shows  that 
acid  salts  possess  acid  properties;  tnat  is.  that  tne  hydrogen  found  in  acid  salt  is 
capable  ol  combining  with  a  metal,  just  as  aoes  the  hydrogen  with  the  acid  from  which 
it  18  derived. 

A  commercial  form  of  iron  and  potassium  tartrate  formerly  enjoyed  large  popularity. 
This  was  the  chemical  in  the  form  of  an  oval  lump,  to  one  end  of  which  was  attached 
a  loop  of  string  or  ribbon.  .  This  form  was  formerly  highly  esteemed  in  France  under 
the  name  of  *°houIe  de  Mars."  This  name,  by  the  way,  suggested  the  alchemistic 
title  of  the  element  iron,  which  was  called,  by  the  forerunners  of  chemistry,  after  the 
god  of  war.  Mars.  Another  survival  of  the  alchemistic  name  of  iron  is  shown  in  the 
words  ** crocus  Martis."  The  "boule  de  Mars**  was  supposed  to  be  carried  around 
by  the  patient,  and  when  a  chalybeate  tonic  was  desired,  the  lump  was  suspended  into 
a  glass  of  water  or  wine,  and  auer  sufficient  immersion  it  was  supposed  that  a  suffi- 
cient quantity  of  the  onemical  would  be  dissolved  in  the  fluid,  thus  producing  a 
pleasant  tonic. 

Iron  and  potassium  tartrate  is  used  as  a  tonic,  in  4-grain  doses. 

Ferri  Citras  (U.S. P.  VIII),  or  ferric  citrate,  is  made  oy  evaporating  a  solution  of 
ferric  citrate  at  a  temperature  not  higher  than  60*^0.  to  a  thin  syrup,  and  then  scaling 
this  by  pouring  it  on  a  glass  plate.     Its  preparation  is  described  in  detail  in  Part  VII. 

Feme  citrate  is  very  soluble  in  water;  its  solution,  however,  takes  place  very 
slowlv,  as  is  also  true  of  most  of  the  scale  salts  of  iron. 

tirdissolving  these  salts  they  should  never  be  reduced  topowder,  nor  is  it  advisable 
to  triturate  in  a  mortar  with  a  solvent.  The  solution  is  effected^  far  more  rapidly  by 
pouring  the  scale  salts  upon  the  full  amount  of  solvents  contained  in  a  bottle  and 
vigorously  shaking. 

But  even  thus,  the  solution  of  the  salt,  requires  considerable  patience,  hence  the 
use  of  a  solution  of  ferric  citrate  is  advisable  wherever  possible.  The  very  fact  that 
ferric  citrate  and  other  scale  salts  slowly  dissolve  renders  them  valuable  for  the  manu- 
facture of  pills,  because,  when  blended  with  an  excipient,  they  are  apt  to  retain  their 
form,  producing  the  pills  that  do  not  flatten. 

Ferric  citrate  is  a  chalybeate  tonic  and  is  given  in  4-grain  doses. 

FERRI   ET    AMMONII    CITRAS— Iron   and    Ammonium    Citrate 

(Ferr.  et  Ammon.  Cit. — Soluble  Ferric  Citrate- Ammonio-ferric 

Citrate) 

Iron  citrate  rendered  more  readily  soluble  by  the  presence  of  ammonium  citrate 
and  containing  not  less  than  16  per  cent,  nor  more  than  18  per  cent,  of  Fe.  Preserve 
it  in  well-closed  containers,  protected  from  light. 

Summarized  Description, 

Thin,  transparent,  garnet-red  scales;  saline,  mildly  ferrusinous  taste;  somewhat 
deliquescent;  completely  soluble  in  water;  insoluble  in. alcohol;  chars  on  heating, 
leavmg  ferric  oxide.     For  details  see  U.S.  P.,  p,  167. 

For  tests  for  identity ,  for  impurities  (ferric  citrate,  tartrate)  and  for  assay  see  U.S.  P., 
p.  167  and  also  Part  V  of  this  book. 

Remarks. — Ferric  citrate  is  very  slowly  soluble  in  cold  water;  hence  a 
more  soluble  form,  made  by  adding  ammonia  water  to  solution  of  ferric 
citrate  and  scaling,  is  the  one  chosen  for  inclusion  in  the  pharmacopoeia. 
It  is  a  curious  fact  that  while  ammonia  water  precipitates  the  crystalline 
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ferrous  and  ferric  saltS;  it  simply  darkens  and  renders  more  soluble  the 
scale  preparations.  Cowley  claims  that  iron  and  ammonium  citrate 
is  a  true  salt  having  the  formula  (NH4)8Fe(C6H607)2. 

While  ferric  citrate  occurs  in  garnet-red  scales,  the  scales  of  iron  and 
ammonium  citrate  are  yellow-brown.  Like  the  other  scale  salts  of  iron  it 
is  a  tonic. 

Dose. — 250  milligrammes  (4  grains). 


FERRI  £T  QUmiN  JS  CITRAS— Iron  and  Quinine  Citrate 

(Ferr.  et  Quin.  Cit— Ferri  et  Quininae  Citras  Solubilis,  U.S.P.  VIII, 

Soluble  Iron  and  Quinine  Citrate) 

Iron  citrate  and  quinine  citrate  rendered  more  soluble  by  the  presence  of  am- 
monium citrate  and  containing  not  less  than  11.5  per  cent,  of  anhydrous  quinine 
(CsoHsiOsNs)  and  not  less  than  13  per  cent,  of  Fe.  Preserve  it  in  amber-colored, 
wellHstoppered  bottles,  protected  from  light. 

Summarized  Description, 

Thin,  transparent,  deliquescent,  greenish  or  golden-yellow  scales;  bitter,  mildly 
femiginouB  taste;  completely  soluble  in  cold  water;  partly  soluble  in  alcohol;  chars 
on  heating,  lea  vine  a  residue  of  ferric  oxide.     For  details  see  U.S.  P.,  p.  167. 

For  tests  for  iderUity,  for  impurities  (tartrates)  and  for  assay  see  U.S. P.,  p.  168 
and  also  Part  V  of  this  book. 

Remarks. — No  process  for  the  manufacture  of  this  salt  is  given  by  the 
present  pharmacopoeia.  The  pharmacopoeia  of  1890  directed  its  manu- 
facture by  adding  citric  acid  and  the  uncombined  alkaloid,  quinine,  to  a 
solution  of  ferric  citrate,  and  then  scaling  the  resulting  liquid. 

The  dried  scales  are  of  a  reddish-brown  tint.  ^ 

This  is  important  because  of  the  fact  that  a  very  large  amount  of  the 
commercial  iron  and  quinine  citrate  possesses  a  yellowish-brown  tint, 
and  is  none  other  than  soluble  iron  and  quinine  citrate. 

For  practical  purposes  the  latter  preparation  may  be  preferable  to 
the  official  iron  and  quinine  citrate,  but  the  point  at  issue  is  that  if  a 
physician  prescribes  iron  and  auinine  citrate,  the  soluble  iron  and  quinine 
citrate  shoxild  not  be  dispensea.  The  very  fact  that  the  iron  and  quinine 
citrate  is  slowly  soluble  renders  it  preferable  to  the  soluble  iron  and 
auinine  citrate,  because  the  more  slowly  soluble  a  bitter  compound  is, 
tne  less  does  it  affect  the  palate  of  the  patient. 

It  will  be  noticed  that  this  official  compound  is  directed  to  contain 
11.5  per  cent,  of  dried  quinine,  and  that  a  process  of  assaying  the  same  is 
given  in  the  pharmacopoeia.  An  assay  of  the  amount  of  iron  is  also 
given  in  the  pharmacopoeia,  which  directs  that  it  contain  13  per  cent,  of 
the  metal. 

Iron  and  quinine  citrate,  like  all  the  scale  salts,  is  a  tonic. 

Dose, — 250  milligrammes  (4  grains). 

Ferri  et  Str^chnuue  Citras  (U.S.P.  VIII),  or  iron  and  strychnine  dtraie,  is  made  by 
adding  a  solution  of  the  alkaloid  strychnine,  in  citric  acid,  to  a  solution  of  iron  and 
ammonium  citrate. 

It  is  important  to  note  that  in  making  the  iron  and  quinine  citrate  and  iron  and 
strychnine  citrate,  the  uncombined  alkaioid  is  used  with  the  citric  acid,  and  not  one 
of  its  salts. 

By  reason  of  containing  the  poison  strychnine  the  dose  of  iron  and  strychnine 
citrate  is  somewhat  less  than  that  of  the  other  scale  salts,  being  about  2  grains. 
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FERRI  PHOSPHAS— Ferric  Phosphate 

(Ferr.  Phos.— Ferri   Phosphas   Solubilis,   U.S.?.   VIII,  Soluble  Ferric 

Phosphate) 

Ferric  Phosphate  rendered  soluble  by  the  presence  of  sodium  citrate.  It  contains 
not  less  than  12  per  cent,  of  Fe.  Preserve  it  in  amber-colored,  well-stoppered  bottles, 
protected  from  light. 

Summarized  Description. 

Thin,  bright  green,  transparent  scales;  acidulous,  slightly  saline  taste;  permanent 
in  dry  air  and  in  the  dark,  out  becomes  discolored  on  exposure  to  light,  completely 
soluble  in  water;  insoluble  in  alcohol.    For  details  see  U.S. P.,  p.  169. 

For  testa  for  identity j  for  impurities  (ammonia,  pyrophosphate)  and  for  assay 
see  U.S.P.,  p.  169  and  also  Part  V  of  this  book. 

Remarks. — While  no  recipe  is  given  in  the  present  pharmacopoeia, 
for  the  manufacture  of  this  salt,  the  pharmacopoeia  of  1890  directed  that 
it  be  made  by  mixing  solution  of  ferric  citrate  with  a  solution  of  sodium 
phosphate  and  then  scaling  the  resulting  fluid. 

Ferric  phosphate  in  the  pure  form  is  insoluble,  but  the  mixed  product 
resulting  from  the  combination  of  ferric  phosphate  with  alkaline  citrates 
is  soluble.  Hence  this  official  is  not  a  definite  compound  but  is  a  mixture 
of  sodium  citrate  with  ferric  phosphate  and  may  be  called  sodioferric 
citrophosphate. 

These  compounds  diflFer  from  the  other  scale  salts  of  iron,  first,  in 
being  an  indefinite  chemical  and,  secondly,  by  reason  of  the  characteristic 
green  color  of  the  scales.     It  is  highly  esteemed  as  a  tonic. 

Dose. — 250  milligrammes  (4  grains). 

Ferri  Pyrophosphas  (U.S. P.  VIII;  N.F.  IV)^  or  soluble  ferric  pyrophosphate^  is  an 
indefinite  mixture  of  sodium  citrate  with  feme  pyrophosphate.  It  should  contain 
not  less  than  10  per  cent,  of  metallic  iron  and  is  used  as  a  tonic  in  4-grain  doses. 
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Griffith's  Mtxiwre.— Griffith,  A.J.P.,  5,  1834,  35;  Ince,  Ph.  Jl.,  1,  1841,  248. 

Fluid  Ferrous  Cor6onate.— Wilbert,  A.J.P.,  79,  1907,  525. 

Syrup  of  Ferrous  /odicte.— (History)  Mowry,  A.J.P.,  68,  1886,  289.  (Manu- 
facture and  properties)  Judge,  A.J.R,  48,  1876,  157;  Alpers,  Jl.  A.Ph.A.,  3,  1914, 
420:Toplis,  A.Ph.A.,  58,  1910,  1258;  Haussmann,  A.J.P.,  72,  1900,  217;  Dupasquier, 
Jl.  de  ph.,  27,  1841,  117. 

Pius  of  Ferrous  Iodide.— Anon,,  A.  J.P.,  29,  1857,  87. 

Ferrous  Lactate. — Gerves,  Arch.  d.  Pharm^  163,  1863,  103. 

Ferrous  5?iZpAate.-— (History)  Amy,  Am.  Dr.,  34,  1901,  3.  (Granulated)  Trimble, 
A.Ph.A.,  36,  1888,  140. 
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Ferric  CAiortde,— (Structure)  Grlinewald  and  Meyer,  B.,  21,  1888,  687;  Friedel 
ind  Crafts,  Comp.  rend.,  106,  1888,  1764  and  107,  1888,  301;  Jufereo,  Zt.  anorg. 
:ti.,  59,  1908,  82.     (Solubility  in  ether)  Rothe,  Jl.  Soc.  Ch.  Ind.,  11,  1892,  940. 

Tincture  ^  Ferric  CWoride.— Squibb,  A.J.P.,  29,  1867,  289;  Rother,  A.J.P.,  56. 
1884,407. 

Tinelare  of  Ciirochloride  oj  iron,— Cruse,  Dr.  Circ.,  17,  1873,  89;  Ruddiman, 
Phann.  Era,  42,  ISOff,  622. 

Besltisdio#'B  Tinaure. — Manseau,  Nat.  Dr.,  40,  1910,  525. 

Ferric  Su/pAotes.— (Composition)  Recoura,  Ann.  chim.  phys.,  [8],  11,  1907,  263 
uidComp.  rend.,  153,  1911,  1223. 

.Wonsflg  Soiu/ton.— Wilbert,  Am.  Dr.,  43.  1903,  202;  Monsel,  Jl.  de  ph.  et  ch., 
32,  1857,  208. 

Arsenic  ^  nfidote.— Bunsen,  Jl.  de  ph.,  20.  1834,  667. 

Dialyied  /ron.— Graham,  Ch.  News,  4,  1861,  87;  Maiach,  A.J.P.,  49,  1877,  342; 
Trimble,  A.J.P.,  60,  1878,  60;  Fischer,  C.  A.,  4,  1910,  3253. 

BoMkam't  MCrlJire.— (History)  England,  A.J.P.,  75,  1903,  383.  (Manufacture) 
Beral,  A.J.P.,  4.  1833,  64. 

Sraled  Salts  of  /ron.— Riecklier,  Jahrbuch  Pharm.,  40,  1873,  65  and  134;  Power, 
Ph.  Rund.,  9,  1891,  205. 

BmJe  dt  Wars.— Duhamel,  A.J.P.,  14,  !842,  224. 

bm  and  Potasnum  Tartrate.— Klie,  A.J.P.,  48,  1876,  170. 

Iron  and  Ammonium  CHraU.—Covrlev,  Ph.  Jl.,  86,  1911,  1313. 

Ferric  Ciirote.— Duhamel,  A.J.P.,  14,  1842,  225;  Stevens.  A.Ph.A..  55,  1907.  153. 

Iron  and  Strychniru!  CUtoU. — O'Connor.  A.J.P.,  30.  1858,  275. 

Ferric  PAospAote.- Maiach,  A.J.P.,  31,  1859,  410;  Heydenreich,  A.J.P.,  33, 
1861,  294. 

Ferric  Pyrophoaphate.—Revdenteich.  A.J.P.,  33.  1861,  294;  Robiquet,  A.J.P.,  29, 
1857,  401;  Maisch,  A.  J.  P.,  31,  1859,  410. 

CHAPTER  XXXII 

ARSENIC,  ANTIMONY,  TIN,  GOLD,  AND  PLATINUM 

ARSENIC 

Symbol,  As.     Atomic  weight,  approximately  75 

The  chief  oree  from  which  this  element  is  derived  are  realgar,  AsjSi, 
orpimmt,  AsiS*;  the  latter  word,  a  corruption  of  "auri  pigmentum," 
which,  translated,  means  the  color  of  gold  or  of  fire,  so-called  because  of 
its  brilliant  yellow  tint.  Another  ore  of  arsenic — flowers  of  arsenic  or 
trAite  arseTiic— AsjOj,  is  mined  in  certain  districts  of  Styria,  where  the 
natives  become  habituated  to  its  use  and  thus  are  immune  from  its 
poiaonoua  action. 

Arsenic  has  been  known  from  comparatively  early  times.  The  red  and  yellow 
sulpWes  were  known  to  the  Greek  writers.  The  white  arsenic  appears  to  have  been 
Mown  to  Geber  in  the  eighth  century.  In  the  eleventh  century  Avicenna  differen- 
tuted  between  the  white  arsenic  and  the  red  and  yellow.  Albertus  MsKnus,  in  the 
thirteenth  century,  appears  to  have  isolated  the  element,  and  the  practical  separation 
■"  B  matter  of  techiuo  in  the  seventeenth  century. 

The  word  arsenic  is  derived  from  the  Greek  word  arsenikon,  which 
was  the  term  used  to  designate  the  ore  orpiment.  The  metallurgy  of 
arsenic  is  somewhat  similar  to  that  of  the  other  elements  which  we  have 
considered,  it  being  isolated  by  heating  the  oxide  with  coal,  as  shown  in 
the  following  equation: 

As^,     +     C,     -     As,     +     CO     +     CO,. 
This  process  is  not  used  much  now,  since  native  arsenic  oxide  is  com- 
paratively rare,  and  most  of  the  element  is  made  by  heating  arsenical  iron, 
and  from  mispickel,  when  arsenic  is  freed  and  subUmes.     The  respective 
fractions  are; 

FeiAsi  +     heat     =     FetAs,     +     As,. 

Fe,As,St       -I-     heat      =     2FeS        +     As,. 
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Metallic  arsenic  occurs  in  the  form  of  crystalline  masses,  which  are  steel 
gray  when  freshly  sublimed,  but  becoming  dull  and  black  on  exposure  to 
air.     Besides  this  crystalline  form,  amorphous  forms  are  known. 

Arsenic  and  antimony,  like  zinc  and  aluminum,  form  a  group  about 
midway  between  the  metals  and  the  non-metals,  and  the  non-metallic 
character  of  arsenic  and  antimony  is  even  more  strikingly  demonstrated 
than  in  the  case  of  zinc  and  aluminum.  In  fact,  the  most  abundant  com- 
pound of  arsenic  is  one  in  which  arsenic  shows  its  negative  character, 
namely,  in  arsenic  trioxide  (arsenous  acid,  U.S.P.  1890).  But,  while 
showing  many  points  in  common  with  the  non-metallic  elements,  its 
metallic  properties  are  well  defined.  Thus,  it  is  precipitated  with  hydrogen 
sulphide,  as  are  the  other  metals  of  this  group,  and  combines  with  acids 
to  form  the  salts  of  arsenic,  such  as  arsenic  chloride  and  arsenic  iodide. 

On  the  other  hand,  when  combined  with  alkalies  the  negative  side 
is  clearly  demonstrated,  and  among  the  official  compounds  we  find  solu- 
tion of  potassium  arsenate  and  sodium  arsenate. 

The  tests  for  arsenic  are  as  follows:  The  yellow  sulphide  (orpiment), 
produced  when  hydrogen  sulphide  is  passed  through  an  acidiilated  solu- 
tion of  arsenous  acid.  Silver  nitrate  test  solution  produces  a  yellow 
precipitate  of  silver  arsenite  or  a  brown  precipitate  of  silver  arsenate, 
according  to  the  valence  of  the  arsenic  in  the  suspected  solution.  A 
characteristic  test  for  arsenic  is  the  so-called  ccLcodyl  reaction,  which  is 
brought  about  by  fusing  the  arsenic  with  potassium  or  sodium  acetate, 
when  a  disgusting  odor  of  cacodyl  is  produced;  for  details  descriptive 
of  this  organic  compound,  see  p.  603.     The  equation  is: 

AsjO,     +     4KC,H,02     «     [Aa(CH,)J,0     -f    2K,CfO,     +    2C0,. 

Compounds  of  arsenic,  treated  with  copper  sulphate  and  ammonia, 
yield  a  characteristic  green  precipitate  of  copper  arsenite.     This  green 
insoluble  substance  was  formerly  largely  used  in  the  technic  under  the 
name  of  Scheele'a  green,  as  a  coloring-matter.    The  danger  of  this  body 
however,  has  caused  it  to  fall  more  or  less  into  disuse. 

Arsenic  was  formerly  largely  employed  by  poisoners,  and  accordingly 
many  tests  have  been  devised  for  the  detection  of  the  element,  such  as 
the  tests  suggested  by  Marsh,  Fleitmann,  Gutzeit,  and  Reinsch.  The 
principle  of  action  of  the  first  three  of  these  is  based  on  the  formation 
of  the  gas,  hydrogen  arsenide,  AsHs,  which  is  produced  by  the  union  of 
hydrogen  (generated  by  action  of  sulphuric  acid  on  zinc),  with  arsenic 
in  the  suspected  substance,  forming  hydrogen  arsenide,  AsHs,  which  is 
analogous  to  ammonia,  NHa;  to  phosphine  (phosphoretted  hydrogen, 
PHs),  that  spontaneously  combustible  gas  mentioned  on  p.  421,  and  to 
antimoniuretted  hydrogen  (stibine,  SbHs),  mentioned  a  little  further  along 
These  four  gases  can  best  be  compared  in  tabulated  form: 

— H 


Phosphorus,      " 

m     " 
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m     " 
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Hydrogen  burns  to  pure  water  (H2  +  0  =  H2O),  while  AsHs,  in 
burning,  yields  water  and  metallic  arsenic  (2AsH8  +  30  =  3H2O  +  AS2) ; 
the  latter  separates  as  an  arsenic  spot  on  a  piece  of  porcelain,  just  as  the 
carbon  in  gas  separates  as  soot  when  burned  in  a  fish-tail  burner.  The 
details  of  Marsh's  test  is  beyond  the  Umits  of  this  work,  and  the  reader 
is  referred  to  some  book  on  analytic  chemistry. 

Mention,  however,  must  be  made  of  the  fact  that  antimony  com- 
pounds treated  with  nascent  hydrogen  produced  from  zinc  and  sidphurio 
acid  form  antimoniureted  hydrogen,  SbHs,  which,  on  burning,  like- 
wise deposits  a  stain  on  a  porcelain  dish.  This  latter  stain  is,  however, 
brown  black,  and  is  not  soluble  in  Labarraque's  solution,  as  is  the 
arsenic  spot.  Marsh's  test  is  no  longer  given  in  the  pharmacopoeia, 
being  replaced  by  a  modification  which  does  away  with  the  cumber- 
some apparatus  used  in  Marsh's  test.  This  modification  ii9  OiUzeU's 
test,  in  which  the  hydrogen  is  developed  from  zinc  and  sulphuric  acid 
in  a  test-tube,  and  the  suspected  substance  added.  If  arseniuretted 
hydrogen  forms,  it  blackens  the  cap  of  filter-paper  moistened  with  silver 
nitrate  solution,  covering  the  open  end  of  the  tube.  Like  Marsh's  test, 
this  responds  when  antimony  is  present,  and,  therefore,  a  preferable 
test  is  that  of  Fleitmann,  in  which  the  hydrogen  is  not  developed  by  action 
of  acid  on  zinc,  but  by  treating  zinc  with  potassa,  the  reaction  being: 


Then, 


3Zn     +     6K0H 
3Hi     +    As, 


SKjZnO,     4-    3H,. 


=     2AsH,. 


In  this  reaction  antimony  will  not  take  part,  even  if  present,  and 
therefore  nothing  but  arsenic  can  be  detected  by  this  means.  The  de- 
tection of  the  arsenic  in  this  case  is  identical  with  that  in  Gutzeit's 
test,  by  the  blackening  of  silver  nitrate. 

Reinsch's  test  is  produced  by  placing  a  sheet  of  bright  metallic  copper 
into  the  suspected  solution.  If  arsenic  be  present,  an  electrolytic  action 
takes  place,  with  the  deposition  of  that  element  on  the  copper  plate, 
which  accordingly  becomes  blackened.  Bettendorf^s  test  consists  in 
dissolving  arsenic  in  concentrated  hydrochloric  acid,  adding  soKition 
of  stannous  chloride,  and  introducing  into  the  test-tube  containing 
this  mixture  a  piece  of  tin-foil.  If  arsenic  be  present,  a  brown  coloration 
takes  place. 

In  experimenting  with  Marsh's  test,  the  operator  should  be  careful 
regarding  the  inhaling  of  the  vapors  produced,  as  the  hydrogen  arsenide 
vapors  are  very  poisonous,  the  chemist  Gehlen  having  been  killed  by 
this  substance  during  experiments  in  1815.  It  has  been  noted  that  wall- 
paper colored  green  by  the  use  of  Scheele's  green  produces  symptoms  of 
arsenical  poisoning  in  persons  in  the  room.  The  exact  reason  for  this 
is  not  clearly  defined,  but  at  the  present  time  it  is  considered  to  be  due  to 
the  formation  of  AsHs,  through  the  action  of  moisture  on  the  walls  with 
the  arsenical  color  and  inhalation  of  the  gas  by  the  occupants  of  the  room. 

Arsenic,  like  nitrogen  and  phosphorus,exhibits  the  valence  iii  and  v, 
as  shown  in  two  oxides — AsjOa  and  AS2O6 — which  are  called  arsenous 
and  arsenic  oxides  respectively. 

The  official  preparations  of  arsenic  are: 

Areenic  trioxide.    At  least  99.8  per  cent,  absolute  AsjOs. 

Solution  of  arsenous  acid,  containing  from  0.975  to  1.025  per  cent,  arsenic  trioxide. 
.  oolution  of  potassium  arsenite,  containing  from  0.975  to  1.025  per  cent,  arsenic 
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Sodium  arsenate.    At  least  99  per  cent,  absolute  NaiHAsOi  +  7HiO. 

Exsiccated  sodium  arsenate.    At  least  98  per  cent,  absolute  NasHAsOi. 

Solution  of  sodium  arsenate,  containing  from  0.925  to  1.025  per  cent,  exsiccated 
sodiimi  arsenate. 

Arsenous  iodide.     At  least  99  per  cent.  Asl|. 

Solution  of  arsenous  and  mercuric  iodides,  containing  from  0.95  to  1.05  each  of 
arsenous  iodide  and  of  mercuric  iodide. 

ARSENI  TRIOXXDUM— Arsenic  Trioxide 

(Arsen.  Triox. — Arsenous  Acid — Arsenous  Oxide — White  Arsenic) 

It  contains,  when  dried  to  constant  weight  at  100°C.,  not  less  than  99.8  per  cent, 
of  As,0,  (197.92). 

SummarUed  Description, 

Opaque,  white  powder,  or  amorphous,  transparent,  glass-like  masses,  or  crystalline, 
opaque,  porcelain-like  masses;  in  moist  air  the  glassy  variety  changes  to  the  opaque; 
soluble  in  water  (glassy  variety  more  than  the  crystalline)  and  in  glycerin;  slightly 
soluble  in  alcohol  and  ether ^  soluble  in  hydrochloric  aid  and  in  aUcaUne  solutions; 
volatilizes  on  heating,  subhmin^  to  transparent  octahedral  crystals;  heated  with 
charcoal,  in  a  tube  metallic  arsemc  sublimes  and  deposits  as  a  mirror.  For  details 
see  U.S. P.,  p.  64. 

For  tests  for  ideniUy,  for  impurities  (antimony,  tin,  cadmium)  and  for  assay  see 
U.S. P.,  p.  65  and  also  Part  V  of  this  book. 

Remarks. — This  most  important  of  the  official  arsenical  preparations, 
called  arsenous  acid  by  the  pharmacopoeia  of  1890,  is  more  properly 
termed  arsenic  trioxide  by  U.S.P.  IX,  since  it  is  the  anhydride  AssOsi  the 
true  acid  being  produced  only  when  the  official  substance  is  dissolved 
in  water: 

AsjOa     H-     3H,0     «     2H,AsOa. 

Hence  the  aqueous  solution  still  retains  as  official  name  the  phrase, 
liquor  acidi  arsenosi. 

Arsenic  trioxide  is  prepared  by  the  roasting  of  arsenical  ores,  when  the 
oxide  which  is  formed  sublimes  and  is  caught  in  appropriate  condensing 
chambers.    It  is  then  purified  by  resublimation. 

Arsenic  trioxide  acts  as  a  reducing  agent,  being  oxidized  by  potas- 
sium permanganate,  and  converting  iodine  into  hydriodic  acid.  This 
explains  the  volumetric  estimation  of  the  chemical  by  means  of  a  deci- 
normal  iodine  solution.  (See  p.  897.)  A  volumetric  estimation  of  the 
chemical  can  also  be  effected  by  use  of  decinormal  permanganate  solution. 

Arsenous  acid  is  a  valuable  alterative.  Applied  in  the  form  of  a 
powder,  it  acts  as  an  escharotic,  and  for  this  purpose  was  formerly  em- 
ployed for  the  dusting  of  cancerous  growths.  Its  action  in  this  way, 
however,  was  dangerous,  and  at  present  it  is  now  rarely  so  used. 

Many  of  the  largely  advertised  rat-poisons  consist  of  arsenous  oxide, 
either  free  or  admixed.  The  antidote  for  such  nostrums  is,  therefore, 
the  same  as  that  for  arsenous  oxide,  namely,  ferric  hydroxide  or  ferric 
hydroxide  with  magnesia.     (See  p.  516.) 

Dose. — 2  milligrammes  (^q  grain). 

LIQUOR  ACIDI  ARSENOSI— Solutioii  of  Arsenous  Acid 

For  recipe  see  p.  185. 

This  is  a  1  per  cent,  aqueous  solution  of  arsenic  trioxide,  containing 
a  sufficient  quantity  of  hydrochloric  acid  to  insure  a  complete  solution. 
In  the  Pharmacopoeia  of  1870  it  was  styled  the  sohdion  of  arseruyus  chloride, 
but  investigations  have  shown  that  the  hydrochloric  acid,  in  this  case, 
acts  merely  as  a  solvent,  not  converting  the  oxide  into  chloride. 

Dose. — 0.2  mil  (3  minims). 
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LIQUOR   POTASn    ARSENITIS— Solution    of   Potassium   Arsenite 

(Liq.  Pot.  Arsen. — Fowler's  Solution.    Liquor  Arsenicalis.    Liquor  arseni- 

caJis  Fowleri  P.I.) 

An  aqueous  solution  containing  potassium  arsenite,  corresponding  in  amount 
to  not  less  than  0.975  per  cent,  nor  more  than  1.025  per  cent,  of  AstOs  (197.92). 
Preserve  the  Solution  in  amber-colored  bottles. 

Condensed  Recipe. 

Boil  10  Gm.  arsenic  trioxideand  20  Gm.  potassium  bicarbonate  in  a  tared  vessel 
with  100  Gm.  distilled  water  until  the  solids  are  dissolved.  Then  add  enough  distilled 
water  to  make  970  Gm.  and  30  Gm.  compound  tincture  of  lavender  and,  finally,  filter. 
For  details  see  U.S. P.,  p.  251. 

Summarized  Description. 

Clear  or  faintly  opalescent,  pink  liquid;  lavender  oil  odor;  alkaline  reaction.  For 
details  see  U.S. P.,  p.  251.  For  tests  for  identity,  for  impurities  (arsenate)  and  for 
cLssay,  see  U.S.P.,  p.  251  and  also  Part  V  of  this  book. 

Remarks. — This  preparation, '  commonly  called  "Fowler^s  solution,^' 
is  made  from  arsenic  trioxide  and  potassium  bicarbonate,  colored 
with  compound  tincture  of  lavender.  It  contains  1  per  cent,  of  arsenic 
trioxide. 

The  equation  for  its  manufacture  is  either — 

4KHC0,     +     AsiOs     +     3H2O  =     2K^AsO,     +     4H,0     +     4CX), 

or 

2KHC08     +     As,Oa     -     2KASO2        +     2C0,  +     H,0. 

The  pharmacopoeia  directs  that  the  potassium  bicarbonate  and  the 
arsenic  trioxide  be  boiled  together  in  water  to  insure  chemical  combi- 
nation. If  a  solution  of  potassium  bicarbonate  and  a  solution  of  arsenic 
trioxide  are  mixed  together  in  the  cold,  no  reaction  takes  place,  and,  in 
fact,  some  authorities  claim  that  even  boiling  produces  but  a  sUght  effect 
on  the  two  constituents.  How  Uttle  decomposition  occurs  is  shown  by 
the  fact  even  when  twice  the  amount  of  arsenous  acid  is  boiled  with  solu- 
tion of  potassium  bicarbonate,  and  even  when  such  solution  is  boiled 
to  dryness  and  then  redissolved  in  water,  the  latter  liquid  still  effervesces 
with  acids. 

Despite  this  fact,  some  authorities  claim  that  a  meta-arsenite  of  potas- 
sium (KASO2)  is  produced;  while  others  hold  to  the  ortho-arsenite  formula. 
K2HAs03;  this  is  supposedly  the  acid  potassium  salt  of  HsAsOs.  Fowlers 
solution  is  one  of  the  most  popular  of  arsenical  preparations,  being  par- 
ticularly esteemed  as  an  alterative  in  cases  of  malaria.  Many  physicians 
in  malarial  countries  consider  this  preparation  almost  in  the  light  of  a 
specific. 

Dose. — 0.2  mil  (3  minims). 

SODII ARSENAS— Sodium  Arsenate 

(Sod.  Arsen. — Arsenas  sodii  P.I.) 

It  contains  not  less  than  58.98  per  cent,  nor  more  than  61.92  per  cent,  of  anhydrous 
sodium  arsenate  (di-sodium  ortho-arsenate),  corresponding  to  not  less  than  99  per 
cent,  of  the  crystallized  salt  [Na2HAs04  -f  THjO  =  312.08].  Preserve  it  in  well- 
closed  containers. 

Summarized  Description. 

Colorless,  transparent,  monoclinic  prisms,  efflorescent  in  dry  air,  deliquescent  in 
moist  air;  very  poisonous;  soluble  in  about  1.5  parts  of  water;  slightly  soluble  in  alcohol; 
on  heating  is  mrst  exsiccated  and  is  then  converted  into  pyroarsenate.  For  details 
see  U.S.P.,  p.  381. 

For  tests  for  identity,  for  impurities,  see  exsiccated  sodium  arsenate. 
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Remarks. — Sodium  arsenate  is  made  by  adding  arsenous  acid  to  the 
mixture  of  sodium  carbonate  (or  sodium  hydroxide)  and  sodium  nitrate, 
and  heating  same  to  redness  and  pouring  out  the  fused  mass  on  a  slab,  and 
treating  it  with  boiling  water  as  soon  as  solidified.  The  solution  is  then 
evaporated  until  crystallization  takes  place;  the  cr3n3tals  are  removed 
from  the  mother  liquor  and  dried  according  to  the  usual  method. 

This  process  furnishes  an  interesting  example  of  oxidation.  Arsenic 
has  the  valence  iii  and  v,  and  the  two  oxides,  As20s  and  AssOs,  when 
treated  with  water,  yield  respectively  the  true  arsenous  acid  (HsAsOs) 
and  arsenic  acid  (HsAsOi),  the  latter  being  analogous  to  phosphoric 
acid,  H3PO4.  (See  p.  359.)  An  arsenate  is  a  salt  of  arsenic  acid,  and 
if  we  treat  sodium  carbonate  with  arsenous  acid  (which  is  common, 
while  arsenic  acid  is  rare),  we  would  not  get  an  arsenate,  but  an  arsenite, 
just  as  we  did  in  Fowler's  solution. 

It  will  be  noticed  that  the  arsenical  ingredient  used  above  is  arsenoti^ 
oxide  (As20«).  We  have  already  learned  (p.  369)  that  "ous"  acids  give 
"ite"  salts,  a  proof  of  which,  with  the  very  acid  we  are  now  considering, 
is  shown  in  Fowler's  solution — ^liquor  potassii  arsenitis — where  we  see 
that  arsenous  acid,  cooked  with  potassium  bicarbonate,  yields  potassium 
arsemfe — not  the  arsenate — shown  in  equation  "a"  given  on  p.  525. 

In  exactly  similar  manner  sodium  carbonate  and  arsenous  acid  3deld 
Na^HAsOs,  sodium  arsenite.  Necessary  to  form  the  arsenate,  is  arsenic 
acid,  AS2O5  or  H8ASO4,  and,  accordingly,  if  we  start  out  with  arsenous 
acid,  it  must  be  oxidized  to  arsenic  acid  before  the  arsenate  can  be  formed. 
It  may  be  fecalled  that  in  making  sulphuric  acid,  sulphur(ma  oxide,  SO2, 
was  oxidized  to  sulphuric  oxide,  SOs,  and  that  the  oxidation  was  accom- 
plished by  nitric  acid.  In  oxidizing  arsenous  oxide  to  arsenic  oxide  in 
the  manuJFacture  of  sodium  arsenate  nitric  acid  is  not  adapted,  since  it, 
rather  than  the  arsenic  preparation,  would  react  with  the  sodium  carbonate, 
the  final  product  being  a  mixture  of  sodium  nitrate  and  arsenic  acid;  hence 
we  employ  sodium  nitrate,  NaNOs,  which  at  a  high  heat  splitis  in  a 
manner  alan  to  nitric  acid  itself,  with  the  liberation  of  oxygen. 

The  usually  accepted  equation  of  manufacture — 

(a)  NaiCO,        +     AsjO,     +     2NaN0a      =     Na4A8,07     +     N,Oi     +     COi, 
(6)  Na4Ass07      +     HtO       »     2NasHA804, 

is  more  complex  than  the  explanation  just  given,  because  of  the  presence 
of  an  intermediate  product,  sodium  pyroarsenate,  Na4As207.  This 
body,  however,  is  analogous  to  sodium  pyrophosphate,  Na4P207,  the 
latter  a  salt  of  pyrophosphoric  acid,  H4P207,  the  chemistry  of  which  was 
explained  on  p.  441. 

Sodium  arsenate  is  used  as  an  alterative  and  tonic. 

Dose. — 5  milligrammes  (J^2  grain). 

SODn   ARSENAS   EXSICCATUS— Exsiccated   Sodium   Arsenate 

(Sod.  Arsen.  Exsic.) 

It  contains,  when  dried  to  constant  weight  at  150''C.,  not  leas  than  98  per  cent, 
of  NasHAsOi  (1S5.97).     Preserve  it  in  well-closed  containers. 

Condensed  Recipe. 

Allow  civstalUne  sodium  arsenate  to  effloresce  between  40°  and  50°C.,  then  heat  at 
150°  until  the  product  ceases  to  lose  weight.     For  details  see  U.S.  P. 

Summarized  DeacripHon. 

Amorphous,  slightly  hygroscopic,  white  powder'  verv  poisonous;  soluble  in  about 
3  parts  01  water;  sughtly  soluble  m  alcohol.     For  details  see  U.S. P.,  p.  382. 

For  tests  for  identity,  for  impurities  (arsenite,  lead,  copper,  iron)  and  for  assay 
see  U.S.P.,  p.  382  and  also  Part  V  of  this  book. 
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Remarks. — This  official  is  made  by  driving  oflf  the  seven  molecules 
of  water  of  crystallization  from  the  crystalline  sodium  arsenate  by  use 
of  a  temperature  of  150°C.  (302'*F.). 

It  is  used  for  making  the  official  soliUion  of  sodium  arsenate.  While 
the  exsiccated  salt  was  not  recognized  by  the  Pharmacopoeia  of  1890, 
the  solution  of  sodium  arsenate  of  that  pharmacopoeia  was  prepared 
by  first  exsiccating  the  crystallized  salt,  experience  showing  that  when 
that  solution  is  prepared  from  the  crystalline  salt,  it  is  of  uncertain 
strength,  since  the  crystals  are  usually  more  or  less  efflorescent. 

Dose. — 3  milligrammes  (}io  grain). 

Liquor  Sodii  Arsenatis. — For  recipe  see  p.  188. 

This  official  is  a  1  per  cent,  solution  of  exsiccated  sodium  arsenate  in 
water. 

Dose. — 0.2  mil  (3  minims). 

Liquor  Sodii  Arsenatis,  Pearson  (N.F.).  This  solution  (see  p.  191)  is  only  one- 
tenth  the  strength  of  the  official  solution  of  sodium  arsenate. 

Li<|uor  Arsenicalis,  Clemens  (N.F.),  or  CUmejCs  BolvJtwn  of  arsenic,  is  a  solution  of 
potassium  arsenate  and  bromides,  made  hy  boiling  together  arsenic  trioxide,  potas- 
sium carbonate  and  water  and  then  adding  bromine  to  the  cooled  and  diluted  solution. 
It  represents  about  1  per  cent.  AsaOs. 

ARSENI  lODIDUM— Arsenous  Iodide 
(Arsen.  lod. — Arsenic  Iodide) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid, 
not  less  than  99  per  cent,  of  Asia  (455.72).  Preserve  it  in  amber-colored,  glass-stop- 
pered vials,  in  a  cool  place,  protected  from  light. 

Summarized  Description, 

Orange-red,  crystalline  powder;  stable  when  kept  oool  and  protected  from  light; 
soluble  in  about  12  parts  of  water  and  in  about  28  parts  of  alcohol;  also  soluble  in 
chloroform,  ether  and  carbon  disulphide;  does  not  loSiB  iodine  at  water-bath  heat^ 
but  volatilizes  at  higher  temperatures  ;liberates  iodine  and  nitrogen  oxides  when  treated 
with  nitric  acid;  fresh  aqueous  solution  is  colorless,  but  it  turns  yellow  on  standing. 
For  details  see  U.S.  P.,  p.  64. 

For  tests  for  identity,  and  for  assay  see  U.S.P.,  p.  64  and  Part  V  of  this  book. 

Remarks. — This  compound  was  formerly  made  by  fusing  molecular 
quantities  of  metallic  arsenic  and  iodine  into  a  test-tube  and  pouring 
the  fused  mass  on  a  slab  in  order  to  permit  it  to  soUdify.  This  process, 
however,  was  very  wasteful  of  the  iodine,  and  therefore  a  much  better 
method  is  by  making  a  solution  of  iodine  in  carbon  disulphide,  and  sprink- 
ling therein  finely  powdered  arsenic  until  the  purple  color  is  discharged. 

Arsenic  iodide  is  a  comparatively  unstable  compound,  losing  its 
iodine  by  volatilization  until  its  composition  is  very  largely  changed. 
It  is,  therefore,  at  its  best  a  rather  uncertain  preparation,  as  is  the  case 
with  sulphur  iodide. 

This  substance  is  used  as  an  alterative. 

Dose. — 5  milligrammes  (^2  grain). 

LIQUOR  ARSENI  ET  HYDRARGYRI  lODIDI 

For  recipe  see  p.  186. 

This  official,  commonly  called  Donovan* s  solvJtion,  aiter  the  originator, 
contains  1  per  cent,  of  arsenous  iodide  and  1  per  cent,  of  mercuric  iodide. 

The  solution  should  be  practically  colorless.  On  standing,  it  assumes 
a  reddish  tint,  and  such  a  reddened  Donovan's  solution  should  not  be 
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dispensed.  While  some  writers  claim  that  the  reddening  is  due  to  sepa- 
ration of  free  iodine,  Huskisson  points  out  that  reddened  solutions  do 
not  give  the  iodine  reaction  with  starch  paste.  The  change  in  color  can 
be  largely  obviated  by  keeping  a  small  amount  of  finely  divided  metallic 
arsenic  or  a  globule  of  mercury  in  the  solution;  taking  care  to  dispense 
only  the  clear  supernatant  fluid. 

Donovan's  solution  is  used  as  an  alterative  and  tonic. 

Dose. — 0.1  mil  (13^  minims). 

It  will  be  seen  that  the  pharmacopoeia  recognizes  four  solutions 
containing  arsenic  compounds  (see  p.  188),  and  that,  while  all  these  are 
1  per  cent,  preparations,  all  do  not  contain  1  per  cent,  of  arsenic  trioxide. 

ANHMomr 

Symbol,  Sb.     Atomic  weight,  approximately  122 

This  element  is  sometimes  found  native  in  uncombined  form,  but 
its  chief  ore  is  the  sulphide — SbSz — which  is  called  stibnite. 

The  symbol  Sb  as  applied  to  antimony,  is  derived  from  the  Latin 
name  of  the  element,  stibium^  which  is  in  turn  derived  from  the  Greek 
word  stibif  which  was  the  name  appUed  to  that  native  sulphide,  which 
has  been  known  since  classic  times.  The  etymology  of  the  word  anti- 
mony has  been  explained  by  a  curious  fable,  which  relates  that  Basel 
Valentine,  a  monk  of  the  monastery  of  Erfurt,  experimented  with  the 
salts  of  this  element  on  his  brother  monks,  with  fatal  results,  whereupon 
he  named  the  element  antimoine — against  monks.  This  thpory  of  the 
origin  of  the  name,  however,  has  been  exploded  since  the  word  antimonium 
was  used  in  a  book  of  Constantine  of  Salerno  (a.  d.  1100),  and  merciless 
critics  have  even  denied  the  existence  of  such  a  man  as  Basel  Valen- 
tine. Suffice  it  to  say  that  there  appeared  during  the  fifteenth  century 
a  book  entitled  "The  Triumphant  Chariot  of  Antimony,"  purported  to 
have  been  printed  from  the  manuscript  of  this  monk  Basel  Valentine. 
It  was  through  the  publication  of  this  work  that  the  use  of  antimony  in 
medicine  became  popularized.  In  the  sixteenth  and  seventeenth  cen- 
turies antimony  and  its  compounds  were  among  the  most  popular  of 
medicines,  the  element  being  isolated  by  Boerhave.  One  of  the  appUca- 
tions  of  this  substance  was  in  the  form  of  a  cup  made  of  this  metal  (pocvla 
emetica).  Acid  or  wine  was  allowed  to  stand  in  this  cup  until  a  certain 
amount  of  this  metal  had  been  dissolved.  The  wine,  when  drank,  then 
acted  as  an  emetic.  Under  the  name  of  "pt'Zwte  perpetim'*  small  globules 
of  the  metal  were  used  in  the  seventeenth  century,  enough  of  the  metal 
being  dissolved  from  the  swallowed  pill  by  the  acid  juices  of  the  stomach 
to  produce  the  desired  effect.  The  pill,  voided  either  by  emesis  or 
through  the  bowels,  was  then  saved  for  the  next  need. 

The  metallurgy  of  antimony  is  accomplished  by  heating  the  sulphide 
with  metaUic  iron,  as  shown  in  the  following  equation: 

Sb,S,     +     Fe,     =     3FeS     +     Sb,. 

In  order  to  facilitate  the  separation  of  the  metal  from  the  ferrous 
sulphide  a  mixture  of  exsiccated  sodium  sulphate  and  coal  is  added 
for  the  purpose  of  forming  a  slag  with  the  ferrous  sulphide. 

Antimony  is  a  brilliant  brittle  metal,  of  lamellated  texture,  and 
silvery  white  when  chemically  pure.  The  commercial  antimony,  how- 
ever, is  usually  of  a  bluish-white  tint.  Antimony  is  a  constituent  of 
several  valuable  alloys.  Thus,  type-metal  is  a  combination  of  15  per 
cent,  of  antimony  and  85  per  cent,  of  lead;  while  pewter  consists  of  10 
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per  cent,  of  antimony,  86  per  cent,  of  tin,  3  per  cent,  of  zinc,  and  1  per 
cent,  of  copper. 

The  teats  for  antimony  are  as  follows:  hydrogen  Sulphide  precipi- 
tates from  acid  solutions  of  antimony  golden  yellow  (orange)  antimony 
sulphide  (Sb2Ss),  which,  Uke  the  sulphides  of  arsenic,  tin,  gold,  and 
platinum,  wiU  dissolve  in  ammonium  sulphydrate  solution.  If,  into 
an  acid  solution  of  antimony  is  placed  zinc  and  platinum  in  the  form 
of  plates,  an  electrolytic  action  takes  place  with  the  deposition  of  anti- 
mony on  the  platinum  as  a  black  spot.  This  black  spot  is  soluble  in  a 
solution  of  potassium  permanganate. 

As  mentioned  under  Arsenic,  Marsh's  tests  can  be  used  for  the  detec- 
tion of  antimony.  In  fact,  the  two  elements  act  so  similarly  when 
subjected  to  Marsh's  test  as  to  render  it  difficult  to  distinguish  between 
them.  When  antimony  is  used  in  Marsh's  test,  however,  the  hydrogen 
flame  has  a  tint  which  an  expert  can  easily  distinguish  from  arsenic. 
The  spot  produced  by  placing  a  clean  piece  of  porcelain  into  the  flame 
(which  is  none  other  than  separated  metalUc  antimony)  is  darker  than 
the  similar  arsenic  spot,  and  possesses  less  metallic  lustre.  Moreover, 
it  is  insoluble  in  Labarraque's  solution,  while  the  arsenic  spot  dissolves 
readily  in  this  reagent. 

Fleitmann's  test  does  not  respond  to  antimony,  and  is,  therefore, 
to  be  preferred  in  the  detection  of  arsenic. 

Three  oxides  of  antimony  are  known,  the  antimonous  oxide,  Sb208, 
antimonic  oxide,  SbaOg,  and  the  third  oxide,  Sb204. 

Sb204  can  be  considered  as  Sb208  plus  Sb206,  which  would  give  us 
SbiOg  or  2Sb204.  Besides,  it  can  be  regarded  as  antimonyl  antimonate 
(SbO)Sb08,  to  understand  which  the  acid  forms  of  antimony  must  be 
explained. 

Already  we  have  seen  that  nitrogen  with  valences  iii  and  v  give  two 
oxides,  N2O8  (nitrous)  and  N2O6  (nitric).  Just  so  are  the  oxides  of 
antimony,  Sb208  and  Sb205. 

The  nitrogen  oxides,  as  shown  on  p.  354,  yield,  when  added  to  water, 
nitrous  and  nitric  acids  respectively. 

Exactly  so  Sb203  yields  antimonous  acid  (HSb02)  and  Sb206  gives 
antimonic  acid  (HSbOs).  Antimonic  acid  will  give  salts,  such  as  potas- 
sium antimonate  (KSbOa),  and  in  Sb204  we  have  antimonyl  antimonate — 
(SbO)Sb08,  antimonyl  being  a  radicle  of  valence  i  (SbO)',  graphically 
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The  "antimonyl,"  just  spoken  of,  is  found  in  one  of  the  official  prepara- 
tions— tartar  emetic. 

The  only  preparations  of  antimony  recognized  in  the  present  pharma- 
copceia  are: 

Antimony  and  potassium  tartrate.     At  least  99.5  per  cent,  absolute  2K(SbO)- 

C4H40«  +  H2O. 

Compound  syrup  of  squill,  containing  0.2  per  cent,  antimony  and  potassium 
tartrate.     Compound  mixture  of  glycyrrhiza,  containing  240  milligrammes  antimony 
and  potassium  tartrate  to  the  liter. 
34 
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ANTIMONn  ET  POTASSn  TARTRA&— Antimony  and  Potassium 

Tartrate 

(Antim.  et  Pot.  Tart — ^Antimonyl  Potassium  Tartrate.    Tartrated  Anti- 
mony.    Tartar  Emetic) 

It  contains  not  less  than  98.6  per  cent,  of  K(SbO)C4H40e  -f  >^HjO  (332.34). 
Preserve  it  in  well-closed  containers. 

Summarized  Descrii^ion, 

Colorless,  rhombic  crystals  or  white,  granular  powder;  sweet,  afterward  dis- 
agreeable metallic  taste;  soluble  in  about  12  parts  of  water;  insoluble  in  alcohol. 
For  details  see  U.S.P.,  p.  60. 

For  testa  for  idenUtyf  for  impurities  (iron,  arsenic)  and  for  assay  see  U.S.P.,  p.  50 
and  also  Part  V  of  this  book. 

This  official,  commonly  called  tartar  emetic,  is,  in  truth,  antimonyl 
and  potassium  tartrate,  since  the  radicle  (SbO)'  enters  the  compound 
rather  than  the  element  itself.  Tartaric  acid  has  the  power  of  easily 
forming  double  salts.  (See  p.  363.)  Rochelle  salt  was  one  of  these 
double  sdts,  and  "tartar  emetic''  differs  from  Rochelle  salt  only  in 
the  substitution  of  antimonyl  (SbO)  for  sodiimi: 

KNaC4H406  (RocheUe  salt).     K(SbO)C4H406  (tartar  emetic). 

It  is  made  by  boiling  the  antimony  oxide  with  potassium  bitartrate 
and  water  for  an  hour.  When  so  treated,  the  hydrogen  of  the  potas- 
sium bitartrate  is  eventually  replaced  by  the  antimonyl  group  fur- 
nished by  the  antimony  oxide. 

Antimony  and  potassium  tartrate,  as  its  synonym  would  indicate, 
is  used  as  an  emetic,  in  large  doses,  while  in  small  doses  it  acts  as  an 
alterative  and  diaphoretic  and  expectorant.  It  was  formerly  largely 
used  as  an  emetic,  but  its  action  was  so  violent  that  it  has  largely  fallen 
into  disuse.    If  given  in  an  overdose,  the  antidote  is  tannin. 

Dose. — Expectorant,  5  milligrammes  (J^2  grain). 

Tartar  emetic  is  a  constituent  of  two  official  galenics,  compound 
syrup  of  squill  (p.  200)  and  compound  mixture  of  glycyrrhiza  (p.  257). 

Antimonii  Ozidum  (U.S.P.  1890;  N.F.  IV)  or  an^moni^  oxicfe,  shows  antimony 
with  the  valence  III,  it  being  the  ''ous"  oxide,  SbsOs.  It  was  the  main  ingredient  of 
the  antimonial  powder  (U.S.P.  1890). 

The  manufacture  of  this  compound  is  rather  intricate.  Antimony  sulphide  is 
first  dissolved  in  hydrochloric  acid,  whereby  soluble  antimony  chloride,  bulter  o] 
antimony y  is  produced : 

SbSz     H-     6HC1     =     2SbCl,     +     SHaS. 

The  filtered  solution  is  then  poured  into  a  large  quantity  of  water,  with  the  produc- 
tion of  an  insoluble  oxychlonde,  shown  by  the  following  equation: 

12SbCU     +     15H,0     =     2SbCl,6Sb,08     +    30HC1. 

This  insoluble  oxychloride  {powder  of  algaroth)  is  then  treated  with  ammonia  water, 
which  converts  it  into  the  pure  oxide,  as  is  shown  in  the  following  equation : 

2SbCl,5Sb,0,     +    6NH4OH     =     6Sb,0,     +    6NH4CI     -f    3H,0. 

This  oxide  is  washed  to  free  it  from  ammonium  chloride  and  then  dried. 

The  product  is  a  white  powder,  insoluble  in  water  and  is  used  as  an  alterative  in 
1-grain  doses. 

Antimonial  powder  (U.S.P.  1890:  N.F.  IV)  or  James'  powder  is  a  galenic  made  by 
triturating  33  Gm.  of  the  oxide  with  67  Gm.  of  calcium  phosphate.     (See  p.  294.) 

Antimonv  sulphide  was  official  in  three  forms  in  the  pnarmacopoeia  of  1890. 

First t  The  crude  ore  containing  arsenic,  despite  the  efforts  to  remove  it  by  fusion. 

Second:  The  purified,  from  which  the  arsenous  sulphide  has  been  removed  by 
water  of  ammonia. 
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Third:  Sulphurated,  which  is  made  by  a  process  similar  to  that  followed  in 
makins  precipitated  sulphur.  (See  p.  380.)  Although  the  chemical  reaction  is 
quite  dififerent  in  both  cases,  the  substance  which  we  desire  to  purify^  and  which  is 
insoluble,  is  dissolved  by  boiling  with  alkali  (lime  in  the  case  of  precipitated  sulphur, 
soda  in  sulphurated  antimony),  and  the  product  desired  i)recipitated  with  acid; 
**Kerme8  mineral"  (as  the  sulphurated  antimony  is  called),  is  not  a  pure  sulphide, 
SbsSs,  but  is  a  mixture  of  this  with  SbsOs.  It  is  called  Kermes  mineral,  from  a  sup- 
posed resemblance  to  Kermes,  an  ancient  dyenstufif. 

Antimonii  Sulphidum  (U.S. P.  1890)  or  antimony  sulphide  is  too  crude  for  internal 
use,  containing,  as  it  does,  a  large  quantity  of  arsenic.  It  is  used  very  largely  in  veter- 
inary practice  as  an  alterative  under  the  name  of  black  antimony,  and  should  never  be 
dispensed  for  human  consumption. 

Antimonii  Sulphidum  Purificatom  (U.^.P.  1890)  represented  crude  antimony 
sulphide,  purified  oy  washing  with  ammonia,  the  theory  of  this  washing  being  that 
arsenic  sulphide  is  soluble  in  ammonia  water.  However,  antimony  sulphide  itself  is 
somewhat  soluble  in  ammonia  water,  and  therefore  the  process  is  wasteful.  Equally 
ffood  results  would  be  obtained,  as  far  as  freeing  the  sulphide  from  arsenic  is  concerned, 
by  washing  with  .a  mixture  ot  ammonia  water  and  ammonium  carbonate,  in  which 
solvent  an  antimony  sulphide  is  scarcely  soluble. 

The  purified  sulphide  of  antimony  is  used  as  an  alterative  in  doses  of  1  grain. 

Antimonii  Sulphuratum  (U.S.P.  1890;  N.F.  IV),  or  Kermes  mineral,  is  made  bv 
boiling  antimony  sulphide  with  soda  and  precipitating  the  alkaline  solution  with  sul- 
phuric acid. 

The  equations  occurring  in  this  process  are  as  follows: 

(a)  Sb,S, 
(6)  2Na,SbO, 
(c)  2Na,SbS8 

Sulphurated  antimony  is  an  alterative  and  diaphoretic.  It  is  much  esteemed 
by  French  physicians,  who  find  it  a  valuable  constituent  for  cough-mixtures,  a 
favorite  recipe  for  this  purpose  beins  1  grain  of  sulphurated  antimony  in  1  ounce  of 
83mip  of  wild  cherry,  a  teaspoonful  being  given  as  a  dose.  Its  dose  is  usually  from 
^  to  1  grain. 

Compound  pills  of  antimony  (N.F.  IV^  or  Plummer*s  piUs,  consist  of  sulphurated 
antimony,  powdered  guaiac,  and  calomel.  They  are  used  in  secondary  syphilis,  one 
or  two  pills  being  the  dose. 

Another  unofficial  antimony  compound  worth  passing  mention  is  pyroantimonic 
acidj  H4Sbt07.  This  compound,  as  it  will  be  seen,  has  the  formula  analogous  to 
that  of  pyrophosphoric  acid,  already  discussed  on  p.  441,  its  potassium  salts  being 
used  for  the  detection  of  sodium,  sodium  pyroantimoniate  being  practically  the  only 
insoluble  sodium  compound. 

TIN 

Symbol,  Sn.     Atomic  weight,  approximately  118 

While  this  element  yields  no  official  oompounas,  it  is  of  sufficient  importance  to 
justify  passing  notice. 

Tne  source  of  tin  is  the  oxide,  SnOs^  which  is  commonly  called  tin  stone,  and  mined 
very  largely  in  Cornwall^  England,  Malacca^  and  Dakota. 

Tm  has  been  used  for  many  centuries,  Plmy's  haxsiieros  (or  plumbum  candidum), 
which  he  says  came  from  the  Cassiterides  in  the  Atlantic,  being  our  modem 
Britain.    The  Latin  word  stannum  is  derived  from  the  Saxon  stan,  meaning  stone. 

The  metallurey  of  tin,  like  that  of  so  many  other  metab,  is  accomplished  by  heat- 
ing together  coal  and  the  oxide,  freed  from  sulphur  and  arsenic  by  roasting,  the 
reaction  being  as  follows: 


+ 

6NaOH 

=     Na,SbO, 

+ 

NasSbSs 

H- 

3H,0. 

+ 

dH,S04 

=     3Na2S04 

+ 

Sb,0, 

+ 

3H,0. 

+ 

3H,S04 

=     3Na,S04 

H- 

8b>S, 

+ 

3H,S. 

SnO,     H-     C, 


Sn     +     CO,. 


Tin  is  a  brilliant  white  metal,  very  malleable,  and  thus  can  be  made  out  into  very 
thin  sheets,  which  are  much  used  by  pharmacists  under  the  name  of  tinrfoiL  The 
so-called  iirirplate  consists  of  sheets  of  iron  coated  with  tin,  either  by  dipping  the 
iron  into  the  molten  metal  or  by  rolling  the  tin  upon  the  iron  plate. 

Tin  compounds  are  tested  as  follows:  Potassium  hydroxide  produces  a  white 
precipitate  of  tin  hydroxide;  ammonium  sulphide  produces  a  black  precipitate  when 
a  stannous  salt  is  under  treatment  (stannous  sulphide) ;  a  yellow  precipitate  of  stannic 
sulphide,  if  the  tin  compound  is  of  the  higher  valence.  The  special  test  for  stannous 
tin  is  the  fact  that  if  a  solution  of  mercuric  chloride  is  mixed  with  a  solution  of  stannous 
salt,  the  mercuric  salt  is  reduced  to  metallic  mercury,  with  a  corresponding  separation 
of  tne  metal  as  a  gray  precipitate. 
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Two  oxides  of  tin  are  known,  stannous  oxide,  ^^^t  ^^^  ^^®  stannic  oxide,  SnOf 
In  these,  like  in  the  other  tin  compounds,  the  stannous  fonn  of  tin  exhibits  the  valence 
II,  while  the  stannic  form  shows  valence  iv. 

No  compounds  of  tin  are  official.  The  following,  however,  are  of  passing  in- 
terest in  pharmaceutic  chemistry.  StannoiLs  chloride^  SnCls,  is  made  by  treating  the 
metal  with  hydrochloric  acid,  and  is  used  in  analytic  work  as  a  reducing  agent,  as 
shown  in  the  mercury  test  for  stannous  compounds  that  has  just  been  ffiven. 

Stannic  chloride,  SnCU,  was  first  made  by  Libavius  (1606)  by  distuling  tin  with 
mercuric  chloride.  When  water-free,  it  is  a  colorless,  fuming  liquid,  which  was 
formerly  known  as  spiritvs  fumans  Ltbavii. 

Tin,  like  zinc  and  aluminum,  stands  midway  between  the  positive  and  negative 
elements,  and  while  generally  actine  as  a  metal  in  its  compounds,  it  forms,  with 
alkalies,  salts  of  stannic  acid,  HsSnOi.  The  sodium  salt,  Na2Sn03,  is  used  largely 
in  calico  printing  under  the  name  of  **tin  8(iU.*' 

QOLD 

Symbol,  Au.     Atomic  weight,  approximately  196 

Gold  is  usually  found  in  the  native,  uncombined  form,  being  associated 
with  either  sand  or  quartz.  It  is  beyond  the  limits  of  this  work  to  go 
into  extended  consideration  of  the  production  of  gold,  and  therefore 
suffice  it  to  say  that  it  is  found  in  certain  sections  of  the  world;  such  as, 
for  instance,  California,  Alaska,  Australia,  and  South  Africa. 

The  mining  of  gold  is  accomplished  in  several  ways,  according  to 
the  condition  in  which  the  metal  is  found.  When  found  associated  with 
sand,  it  is  usually  extracted  from  the  beds  of  rivers.  In  this  case  the 
gold  is  separated  from  the  sand  by  the  process  of  washing,  which  can  be 
compared  to  levigation.'  (See  p.  117.)  If  done  on  a  small  scale,  the 
mixture  is  placed  in  a  pan,  and  washed  rapidly  with  water,  whereby 
the  sand  is  washed  out,  leaving  the  heavier  gold  in  the  bottona  of  the 
pan.  The  washing  is  performed  on  a  large  scale  by  the  process  of  *'  placer- 
washing,"  which  consists  of  putting  the  gold-bearing  sand  into  the  upper 
one  of  a  series  of  long  troughs,  each  trough  being  slightly  lower  than  its 
predecessor. 

Into  the  top  trough  is  run  a  good  stream  of  water  (usually  from  an 
adjacent  mountain  torrent),  which,  passing  continuously  through,  gradu- 
ally throws  out  all  the  sand,  and,  at  the  same  time,  a  large  quantity  of 
the  gold.  The  mixtiu*e  of  sand  and  gold  passes  to  a  second  trough, 
where  a  considerable  quantity  of  the  gold  separates  out,  while  all  the 
sand  is  washed  out  into  the  third  trough.  And  thus  the  process  goes  on 
until  all  the  sand  has  been  removed,  while  practically  all  the  gold  remains 
in  the  troughs. 

The  crude  gold  is  purified  by  the  amalgamation  process — ^that  is, 
it  is  treated  with  mercury — and  the  amalgam  then  submitted  to  distil- 
lation, when  the  mercury  passes  over,  leaving  the  gold  in  the  still. 

When  gold  is  found  in  quartz,  the  gold  is  extracted  by  either  of  two 
methods. 

In  the  chlorine  process  the  ore  is  roasted  to  remove  sulphur  and  arsenic 
residue  mixed  with  water  and, treated  with  chlorine.  Gold  is  separated 
from  the  resulting  gold  chloride  solution  by  precipitation  with  ferrous 
sulphate. 

In  the  cyanide  process  the  finely  ground  ore  is  percolated  with  a  dilute 
solution  of  potassium  cyanide,  which  dissolves  the  gold  as  a  double 
cyanide.     The  metal  is  separated  from  the  percolate  by  electrolysis. 

Gold  is  one  of  the  most  ancient  of  metals,  ornaments  of  the  metal 
being  found  in  the  Egyptian  tombs.  The  Latin  word  for  gold,  aurunif 
is  of  classic  origin,  being  derived  from  the  Hebrew  word  zohov,  which 
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meant  the  color  of  fire.  It  is  of  interest  to  note  that  in  many  of  the 
ancient  languages  the  word  distinguishing  gold  is  the  same  word  used 
to  signify  yellow. 

Gold  is  a  soft  yellow  metal,  having  the  specific  gravity  19.00.  It 
is  the  most  malleable  of  all  metals,  capable  of  being  beaten  into  sheets 
(leaves)  so  thin  that  280,000  of  them  are  required  to  measure  an  inch. 
When  beaten  out  so  thinly,  the  sheets  are  translucent,  and  the  Ught 
transmitted  through  them  is  of  a  greenish  color.  Gold  is  also  a  very 
ductile  metal,  although  it  is  not  capable  of  being  drawn  into  wire  as 
thin  as  is  platinum.  It  is  not  soluble  in  nitric  acid  nor  in  hydrochloric 
acid,  but  it  does  dissolve  in  a  mixture  of  the  two — aqua  regia  (see  p.  396), 
which  is  supposed  to  act  on  the  metal,  not  by  reason  of  the  composition 
of  either  of  the  constituents,  but  because  of  the  free  chlorine  and  nitro- 
sylchloride  contained  in  the  nitrohydrochloric  acid.  Because  of  the  soft- 
ness of  the  pure  metal,  gold  is  always  employed  in  the  form  of  an  alloy. 

The  gold  coins  of  America  consist  of  90  per  cent,  of  gold  and  10  per 
cent,  of  copper,  while  the  gold  used  in  making  jewelry  contains  a  still 
larger  quantity  of  copper.  The  rating  of  the  gold  content  of  jewelry 
gold  is  not  by  percentage,  but  by  a  clumsy  commercial  standard  called 
karats.  Pure  gold  is  said  to  be  24  karats.  Hence  when  we  speak  of  14- 
karat  gold  we  mean  that  it  is  1^4  gold. 

The  tests  for  gold  are  as  follows:  Hydrogen  sulphide  gives  the  black 
precipitate  of  gold  sulphide.  When  a  fresh  solution  of  ferrous  sulphate 
is  added  to  a  solution  of  gold  salt,  gold  separates  out,  and  when  gold 
salts  are  treated  with  tin  chloride  in  the  presence  of  a  ferric  salt,  a  beauti- 
ful purple  precipitate  is  formed.  This  precipitate,  which  is  either  SnAuj- 
(Sn03)2,  or  a  solution  of  colloidal  gold  containing  a  trace  of  stannic  com- 
pounds, was  formerly  used  as  a  pigment  under  the  name  of  purple  oj 
Caseins. 

Gold  usually  exhibits  the  valence  iii,  although  monovalent  gold  is 
known  in  such  compounds  as  AuCl  and  AujO. 

The  only  official  salt  of  gold  is — 

AURI   ET    SODH    CHLORIDUM— Gold   and    Sodium   Chloride 

(Aur.  et  Sod.  Chlor.) 

A  mixture  of  ecjual  parts  of  anhydrous  gold  chloride  [AuQs  »  303.58]  and  anhjr- 
drous  sodium  chloride  [NaCl  =  68.461,  representing,  when  dried  to  constant  weight  m 
a  desiccator  over  sulphuric  acid,  not  less  than  30  per  cent,  of  metallic  gold  [Au].  Pre- 
serve it  in  well-stoppered,  amber-colored  vials. 

Summarized  Description. 

Orange-vellow,  deliquescent  powder;  saline,  metallic  taste:  veiy  soluble  in  water; 
partly  soluble  (the  gold  chloride)  in  alcohol  and  ether.     For  details  see  U.S.P.,  p.  70. 

For  tests  for  identity j  for  impurities  (free  hydrochloric  acid,  metallic  impurities) 
and  for  assay  see  U.8.P.,  p.  70  and  also  Part  V  of  this  book. 

Remarks. — Gold  chloride  is  very  deliquescent,  and  to  lessen  this 
disagreeable  quality  as  much  as  possible  the  pharmacopoeia  directs  it 
combined  with  an  equal  weight  of  ''decrepitated"  sodium  chloride. 
Decrepitated  salt  means  that  from  which  the  interstitial  water  has  been 
driven  by  heat.  Salt,  when  heated,  crackles,  because  the  interstitial 
water  forms  steam  which  explodes  with  sufficient  force  to  break  the 
crystals. 

The  mixture  of  dried  gold  chloride  with  anhydrous  common  salt 
is  official  as  gold  and  sodium  chloride. 

The  gold  chloride  is  made  by  dissolving  gold  in  aqua  regia.    The 
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filtered  solution  is  then  evaporated,  when  there  crystallizes  chlorauric 
acid,  HAUCI44H2O. 

If  this  be  mixed  with  sodium  chloride,  true  gold  and  sodium  chloride, 
AuCl8NaC12H20,  results.  This  is  not  the  official  body,  which,  as  above 
stated,  is  made  by  triturating  dried  gold  chloride  with  an  equal  quantity 
of  dried  salt. 

Gold  chloride  is  best  made  by  treating  gold  with  chlorine,  since  the 
product  obtained  by  evaporation  of  an  aqua  regia  solution  is  apt  to 
contain  aurous  chloride,  AuCl. 

Gold  and  sodium  chloride  is  used  as  an  alterative.  Of  late,  gold 
chloride  and  other  compounds  have  been  much  vaunted  as  remedies 
for  the  drink  habit.  That  the  so-called  gold  cure  is  efficient  cannot  be 
denied,  but  whether  due  to  the  gold  or  to  the  other  stimulants  employed 
is  a  matter  still  open  for  discussion. 

Dose. — ^6  milligrammes  (J^2  grain). 

Acidum  Bromattricisin  CN.F.)  or  bromauric  atcidj  HAuBr4  +  5HsO,  is  a  definite 
compound  of  gold  bromiae  and  hydrobromic  acid.  It  contains  32  per  cent, 
metfdlic  gold.    It  is  used  as  an  alterative  in  }{Q-%Tsia  doses. 

Li^tuor  Auri  et  Arseni  Bromidi  (N.F.)  is  made  by  preparing  arsenic  bromide, 
(heating  together  arsenic  trioxide,  bromine  and  water)  and  then  adding  to  the  pure 
bromide  solution,  bromauric  acid.  It  represents  one-fourth  of  1  per  cent,  of  AssOs 
about  one-third  of  1  per  cent,  of  bromauric  acid. 

PLATINUM 

Symbol,    Pt.    Atomic    weight,    193.3 

Platinum  occurs  native,  and  is  foimd  in  Mexico,  Brazil,  and  chiefly  in  the  Ural 
Mountains.  The  metal  tnus  obtained  is  alwasrs  contaminated  with  palladiiun, 
iridium^  osmium,  ruthenium,  and  the  separation  of  these  precious  metals  is  a  matter 
of  considerable  aifficultv. 

Platinum  was  first  brought  to  the  attention  of  the  world  by  de  Ulloa,  in  1746, 
who,  in  his  descriptions  of  his  explorations  of  Mexico,  referred  to  the  metal  there  dis- 
covered. The  word  pUUina  (little  silver}  was  first  applied  to  the  metal  by  Scheffer 
in  1762. 

Platinum  is  the  most  ductile  of  all  metals,  it  having  been  drawn  into  wire  so  thin 
that  a  microscope  is  required  to  see  the  strand.  It  is  one  of  the  most  difficult  of  the 
metals  to  be  fused,  and  for  this  reason  it  is  of  great  value  in  the  making  of  crucibles 
or  similar  vessels  to  be  used  for  high  heat.  (See  p.  82.)  It  must  be  noted,  however, 
that  platinum  utensils  are  by  no  means  unaffected  by  any  substance,  experience 
having  shown  that  the  metal  forms  a  fusible  aUoy  with  lead  and  a  fusible  phosphide 
with  phosphorus;  that  also  alkaline  hydrates,  sulphides,  hyi>ophosphites,  ana  cyanides 
attack  the  platinum,  eventually  eating  through  the  same;  so  none  of  these  substances 
should  be  heated  in  platinum  dishes. 

Spongy  platinum  is  an  interesting  form  of  the  metal.  It  is  made  by  heating 
platino-ammonium  chloride  (see  below)  imtil  all  the  ammonia  and  chlorine  have 
Deen  driven  off,  leaving  a  spongy  lump  of  platinum  which  possesses  remarkable 
absorptive  capacity  for  oxygen,  it  being  stated  that  one  volume  will  absorb  250 
volumes  of  that  gas.  The  oxygen  thus  absorbed  is  in  a  condition  readily  to  combine 
with  other  substances,  notably  hvdrogen,  and  this  principle  was  made  use  of  in  the 
so-called  Doebereiner's  lamp,  wnich  was  largely  used  before  the  introduction  of 
matches.  This  lamp  consists  of  an  ordinary  hydrogen  generator,  with  a  piece  of 
spongy  platinum  placed  near  the  nozzle,  from  which  the  hydrogen  gas  would  be 
emitted.  As  soon  as  a  stream  of  hydrogen  is  placed  on  the  spongy  platinum,  a 
chemical  union  between  oxygen  (from  the  air)  and  hydrogen  takes  place,  with  a 
heat  sufficiently  intense  to  cause  the  ignition  of  the  hydrogen,  and  thus  producing 
flame. 

Another  interesting  point  connected  with  platinum  is  the  fact  that  at  red  heat 
a  sheet  of  platinum  p>ermits  hydrogen  to  pass  through  it,  no  other  gas  beinff  thus 

f;iven  transit.    This  phenomenon  has  been  made  use  of  for  the  removal  of.hyarogen 
rom  a  mixture  of  gases. 

The  teats  for  platinum  are  as  follows:  Hydrogen  suli)hide  produces  a  brown 
sulphide,  and  potassium  chloride  added  to  a  solution  of  pLattnic  chloride  will  produce 
the  characteristic  yellow  crystals.    These  crystals  have  already  been  discussed  under 
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Potassium.    A  similar  precipitate  of  platinic  ammonium  chloride  is  produced  when 
ammonium  chloride  is  also  treated  with  platinic  chloride. 

No  salts  of  platinum  are  official,  but  pkUinic  chloride,  PtCl^,  is  mentioned  in  the 
appendix  to  the  pharmacopoeia  as  a  constituent  of  the  test  solution  used  for  testing 
for  the  presence  of  potassium. 
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Antimony, — (History)  Amy.  Am.  Dr..  30,  1001,  3;  Schelenz,  Dr.  Circ.,  54,  1010, 
262;  Anon.,  Nat.  Dr.,  44,  1014,  155;  Babcock,  Am.  Dr.,  17,  1888,  202;  Lloyd,  Dr. 
Circ.,  52,  1008,  454;  Ekert.  Sch.  Wsch.  Ch.  Ph.,  51,  1013,  103  and  200;  Redwood, 
Ph.  Jl.,  1^1858,  14. 

Tartar  JEmetic, — (History)  Babcock,  Am.  Dr.,  17^  1888,  203.  (History  and  manu- 
facture) Chevallier,  A. J.P.,  1,  1820,  287.  (Constitution)  Clarke  and  Evans,  B., 
16,  1883,  2386.     (Properties)  Dunstan  and  Boole,  Ph.  Jl..  [3],  101,  1888,  307. 

Butter  of  Antimony. — (History  and  manufacture)  Babcock,  Am.  Dr.,  17,  1888, 
203:  ChevalUer,  A.J.P.,  1,  1820,  287. 

Powder  of  Algaroth.—Babcockf  Am.  Dr.,  17,  1888,  204. 

James*  Powder, — (History)  Unzicker,  Dr.  Circ.,  0,  1865,  107;  Babcock,  Am.  Dr., 
17  1888  204. 
'  Kermes  MincraZ.— (History)  Liance,  A.J.P.,  20,  1848,  233. 

Ttw.— (History)  Kopp,  4,  1847,  125. 

Oold. — (History)  Anon.,  Keystone  Weekly,  41,  1015,  71.  (Extraction)  Ellis, 
Eng.  Min.  Jl.,  00,  1015,  805;  Aitken,  Ph.  Jl.,  04, 1015,  603;  Butters  and  Qennell,  Jl. 
Soc.  Ch.  Ind.,  11,  1802,  016. 

Gold  Leaf.—Ahegg  and  Auerbach,  2«,  1008,  783. 

Purple  of  CcMwiw.— Gruenewald,  Sprechsaal,  43,  1011,  410;  Anon.,  A.J.P.,  6, 
1834,  85. 

Gold  and  Sodium  CWorute.— (Composition)  Kruss,  A.,  238,  1887,  241.  (Manu- 
facture) Sothien,  Arch.  d.  Pharm.,  220,  1882,  202.  (Uses)  Boubila,  A.J.P.,  64,  1802, 
466. 

Platinum.— (Biatoxy)  Gmelin-Kraut,  5«,  1014,  3.  (Extraction)  Wollaston, 
A.J.P.,  1,  1820,  70.  (Properties)  Sobolewskoy,  Jl.  de  ph.,  21,  1835,  181;  Deville,  Ph. 
Jl.,  [2],  1,  1860,  416  and  465. 


CHAPTER  XXXIII 
CADMIUM,  COPPER,  AND  BISMUTH 

CADMIUM 

Symbol,  CM.    Atomic  weight,  111.6 

Cadmium  is  a  mineral  which  is  usually  found  in  combination  with  zinc;  most 
calamines  containing  cadmium.  The  most  important  cadmium  mineral  is  green~ 
ockUe,  which  is  chieny  cadmium  sulphide. 

The  name  is  derived  from  the  Greek  word  kademia,  which  was  the  ancient  name 
for  calamine.    The  element  was  isolated  from  this  ore  by  Strohmeier  in  1817. 
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Cadmium  is  a  white  metal,  like  tin,  and  like  it  crackles  when  bent;  it  has  a  higher 
specific  gravity,  however,  and  is  more  tenacious. 

The  testa  for  cadmium  are  the  yellow  sulphide,  produced  by  treating  solutions  of 
the  salts  with  hydrogen  sulphide  or  with  ammonium  sulphide,  and  the  white  hydroxide, 
precipitated  when  the  solution  of  the  salt  is  treated  with  potassium  hydroxide  or 
ammonium  hydroxide.  ^  This  hydroxide  is  insoluble  in  an  excess  of  potassa,  but  soluble 
in  an  excess  of  ammonia.  Sodium  carbonate  precipitates  cadmium  salts  in  the  form 
of  white  cadmium  carbonate,  which  is  insoluble  in  an  excess  of  the  reagent. 

Cadmium  usually  exhibits  the  valence  n,  as  shown  in  the  oxide,  CdO.  No  salts 
of  cadmium  are  official. 

COPPER 

Symbol,  Cu.    Atomic  weight,  approximately  63 

This  important  metal  is  found  in  nature  as  metallic  copper;  also  is 
found  in  the  ore  copper  glance j  CU2S;  also  as  cuprous  oxide,  while  native 
copper  carbonate  forms  a  beautiful  green  mineral,  malachite. 

Copper  has  been  known  from  the  most  ancient  times,  its  name, 
cuprum,  coming  from  cyprum,  the  isle  of  Cyprus,  where  the  ores  were 
first  mined.  The  metallurgy  of  the  copper  ores  depends  upon  the  charac- 
ter of  the  ore.  If  the  ore  is  chiefly  copper  oxide,  the  separation  is  easily 
effected  by  heating  ore  with  carbon,  as  expressed  in  the  following  equa- 
tion : 

CU2O     4-    C     =     Cua     +    CO. 

Sulphides,  on  the  other  hand,  are  first  roasted  with  sand  and  some 
substance  which  will  act  as  a  flux.  This  action  partially  converts  the 
ore  into  copper  oxide.  By  heating  this  mixture,  sulphur  dioxide  is 
liberated  and  copper  remains,  as  expressed  by  the  following  equation : 

CuS     4-    2CuO     =     3Cu     +    SOj. 

Chemically  pure  copper  is  prepared  by  the  electrolysis  of  copper 
sulphate. 

Copper  is  a  brilliant  red  metal,  ductile  and  malleable.  When  chem- 
ically pure,  it  is  an  admirable  conductor  of  electricity,  and  its  use  for 
this  purpose  is  so  extensive  that  the  supply  is  scarcely  equal  to  the 
demand.  The  metal  is  insoluble  in  either  diluted  hydrochloric  acid  or 
diluted  sulphuric  acid,  except  in  presence  of  air,  but  it  does  dissolve 
in  concentrated  sulphuric  acid  with  the  formation  of  copper  sulphate. 

An  important  use  of  copper  is  in  the  formation  of  the  well-known  series  of  alloys. 
Thua  brass  is  made  by  the  fusion  of  three  parts  of  copper  and  one  part  of  zinc.  Brome 
represents  the  mixture  of  copper,  tin,  zinc,  and  lead.  Japanese  bronze  contains  sold 
and  silver,  in  addition  to  the  metals  above  given.  Phosphor'hrome  consists  of  90 
per  cent,  of  copper,  9  per  cent,  of  tin,  and  1  per  cent,  of  phosphorus.  This  is  a  remark- 
ably tough  and  durable  alloy,  and  is,  therefore,  of  great  value  in  making  metaUic 
bearings.  Copper  coins  usually  consist  of  95  per  cent,  of  copper,  4  per  cent,  of  tin» 
and  1  per  cent,  of  zinc. 

The  tests  for  copper  are:  The  black  sulphide  produced  by  treatment 
with  hydrogen  sulphide  or  ammonium  sulphide;  the  brown-red  copper 
f errocyanide  formed  when  a  solution  of  a  copper  salt  is  treated  with  po- 
tassium ferrocyanide,  and  the  green  color  a  copper  salt  transmits  to  a  color- 
less flame.  More  characteristic,  however,  is  the  reaction  of  copper  salts 
with  ammonia.  When  such  solutions  are  treated  with  concentrated 
ammonia  water,  the  blue  cupric  oxide  is  precipitated.  If,  on  the  other 
hand,  a  copper  sulphate  is  treated  with  diluted  ammonia,  the  blue 
precipitate  redissolves,  with  the  formation  of  azure-blue  solution.  This 
solution  contains  ammoniated  copper  sulphate,  having  the  following 
formula, 
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and  is  quite  characteristic.  It  must  be  borne  in  mind,  however,  that 
nickel  salts,  when  treated  with  ammonia,  give  a  similar  azure-blue 
solution.  If  metallic  zinc  or  iron  is  brought  in  contact  with  a  copper 
salt,  an  electrolytic  action  sets  in,  with  the  deposition  of  metallic  copper 
on  the  other  metal.  This  can  be  demonstrated  by  dipping  into  a  copper 
solution  a  steel  spatula^  which,  on  removal,  will  be  found  plated  with 
copper.  As  mentioned  on  p.  272,  this  test  is  a  simple  way  for  detecting 
the  presence  of  copper  in  vegetable  extracts. 

Three  oxides  of  copper  are  known^CujO,  CuO,  and  CuOj. 

CU2O  (cuprous  oxide)  is  a  brick-red  precipitate  obtained  by  treating  copper  sul- 
phate with  an  alkali  in  the  presence  of  a  reducing  agent.  It  is  best  aemonstrated 
m  testing  substances  containing  glucose  (exampte,  diabetic  urine)  with  Fehling's 
solution.     (See  p.  918.) 

Cupric  oxide,  CuO,  occurs  in  the  form  of  black  granules  or  powder;  while  copper 
superoxide,  CUO2,  graphically, 

Cu(  I, 

is  a  yellowish-brown  powder.  The  existence  of  Rose's  suboxide,  CU4O,  is  now  seriously 
doubted. 

But  one  salt  of  copper  is  official — 

CUPRI  SULPHAS— Copper  Sulphate 
(Cupr.  Sulph. — Cupric  Sulphate) 

It  contains  not  less  than  62.97  per  cent,  nor  more  than  66.79  per  cent,  of  anhydrous 
copper  sulphate  corresponding  to  not  less  than  9S.5  per  cent,  of  the  crystallized 
salt  [CUSO4  +  SHjO  =  249.72].     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Deep  blue  triclinicj  efflorescent  crystals  or  blue,  granular  powder;  nauseous, 
metallic  taste,  soluble  m  about  2.5  parts  of  water,  in  about  400  parts  of  alcohol  ana 
in  about  3.1  parts  of  slycerin;  on  heating,  first  exsiccates  and  finally  dissociates  into 
oxymn,  sulphur  dioxide  and  cupric  oxide.     For  details  see  U.S.P.,  p.  128. 

For  tests  for  iderUity,  for  imparities  (other  metals)  and  for  assay  see  U.S.P.,  p. 
128  and  also  Part  V  of  this  book. 

Remarks, — This  substance  is  known  as  Hue  vitriol,  as  already  men- 
tioned on  p.  398.  It  is  made  by  treating  copper  with  sulphuric  acid, 
and  according  as  the  acid  is  diluted  or  concentrated  the  reaction  differs. 
When  copper  is  treated  with  diluted  sulphuric  acid,  the  equation  runs  as 
follows: 

Cu     +    HjSO*     +    O     «     CUSO4     +    HjO. 

while  if  the  metal  is  treated  with  hot  concentrated  sulphuric  acid,  the 
equation  is  as  given  below: 

Cu     +     2H,S04     =     CUSO4     +     SOi     +     2HjO. 

It  is  interesting  to  note  that  in  neither  case  is  hydrogen  produced, 
as  usually  occurs  when  a  metal  is  treated  with  sulphuric  acid. 

Large  amounts  of  crude  blue-stone  are  made  by  roasting  various  ores 
and  treating  the  residue  with  sulphuric  acid. 

Of  the  tests  given  above,  its  efflorescence  and  exsiccation  are  matter 
of  interest;  the  fifth  molecule  of  water  of  crjrstallization,  held  until  the 
salt  is  heated  to  200°C.,  being  an  illustration  of  water  of  constitution 
(p.   150). 

Copper  sulphate,  when  given  in  small  doses,  acts  as  an  astringent 
or  tonic.     If  given  in  large  doses,  it  acts  as  an  emetic,  and  was  formerly 
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considerably  used  for  this  purpose.  Its  action,  however,  is  too  irritating 
to  recommend  its  use  in  these  day^.  Applied  externally  in  the  form  of 
a  moistened  crystal  it  is  caustic,  while  a  dilute  solution  is  used  as  an 
astringent  injection  in  gonorrhea. 

Do9e. — ^Emetic,  250  milligrammes  (4  grains). 

Cupric  acetate,  which  was  recognized  in  the  pharmacopoeia  of  1880,  is  called 
verdigris^  and  was  formerly  in  considerable  use  as  an  application  for  ring-worms  and 
other  akm  troubles. 

BISMUTH 

Symbol,  Bi.    Atomic  weight,  approximately  207 

Bismuth  is  found  in  nature;  it  also  occurs  as  sulphide  in  the  ore, 
hiamvih  glance.  The  word  bismuth  is  derived  from  the  German  Wismvlhy 
the  origin  of  this  term  being  supposedly  from  the  two  German  words 
Weiae  maitey  beautiful  meadow.  This,  however,  has  been  pronounced 
by  Huseman  to  be  merely  a  pleasant  fable,  his  researches  proving  that 
the  first  mention  of  the  metal  in  the  Bergbuchlein  of  1518  was  under  the 
name  of  WyssmiU. 

The  extraction  of  the  metal  from  the  sulphide  is  accompUshed  by 
roasting  in  a  reverberatory  furnace,  thus  forming  bismuth  oxide,  as  shown 
in  the  following  equation: 

BiA  +  O,   -  BijO,     +     380,. 

On  heating  bismuth  oxide  with  coal,  carbon  dioxide  is  liberated,  and 
metallic  bismuth  remains, 

2Bij08     +     C,     «     Bia     +     3CO,. 

Bismuth  is  a  crystalline,  brittle,  pulverizable,  brilliant  metal  of 
silvery  color,  with,  however,  a  slight  reddish  tint.  In  many  of  its  quaU- 
ties  it  resembles  antimony. 

The  chief  use  of  the  metal  is  for  the  formation  of  fusible  alloys, 
it  possessing  the  characteristic  property  of  blending  with  certain  metals 
to  form  an  alloy,  melting  at  a  temperature  much  below  the  melting-point 
of  any  of  the  metals  when  heated  alone.  Thus,  two  parts  of  bismuth, 
one  part  of  lead,  and  one  part  of  tin,  the  melting-point  of  the  metals 
being  respectively  270^0.,  SSO^'C,  and  235^0.,  melts  at  94^*0.  (Rose's 
fusible  metal),  while  Wood's  metal,  consisting  of  four  parts  of  bismuth, 
one  part  of  cadmium,  one  part  of  tin,  and  two  parts  of  lead,  melts  at 
60.5^C.  The  chief  use  of  such  fusible  metals  is  for  automatic  fire-sprink- 
lers, these  consisting  of  water-pipes  passing  along  the  ceiling  of  a  room, 
punctured  with  holes  which  are  plugged  with  the  fusible  metal.  If  a 
fire  breaks  out  in  the  apartment,  as  soon  as  the  temperature  reaches 
65^,  the  metallic  plugs  melt  and  streams  of  water  are  thrown  into  the 
room.  Pieces  of  these  metals  are  also  used  as  safety  fuses  in  electric 
wiring. 

Tests. — Bismuth,  like  so  many  metals  of  this  group,  gives  a  black 
sulphide  when  treated  with  hydrogen  sulphide  or  ammonium  sulphide. 
A  more  characteristic  test  is  the  fact  that  acid  solutions  of  bismuth 
salts,  when  poured  into  water,  produce  a  white  precipitate  of  a  "sub"- 
salt.  Thus,  bismuth  nitrate  solution,  when  poured  into  water,  forms 
bismuth  subnitrate,  which  precipitates  out  in  the  form  of  a  white  powder. 

Three  oxides  of  bismuth  are  known: 

BiO  or  (Bi202),  which  is  a  black  substance,  BsOs,  bismuthous  oxide, 
a  yellow  powder;  and  Bi206,  which  is  red  in  color. 
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The  bismuthous  oxide  is  the  one  ordinarily  found. 
The  following  compounds  of  bismuth  are  official: 

Bismuth  and  ammonium  citrate  (BiCeHtOr)  should  yield  46  to  52  per  cent, 
absolute  bismuth  oxide. 

Bismuth  subcarbonate — approximately  (BiO)iCOa — should  yield  at  least  90  per 
cent,  absolute  bismuth  oxide. 

Bismuth  subgallate — approximately  BiCrHrO: — should  yield  at  least  52  to  57 
per  cent,  absolute  bismuth  oxide. 

Bismuth  subnitrate — approximately  BiONOs — should  yield  at  least  79  per  cent, 
absolute  bismuth  oxide. 

Bismuth  subsalicylate — approximately  BisOi(C7HsOi)x — should  yield  at  least  62 
to  66  per  cent,  absolute  bismuth  oxide. 

Bismuth  betanaphthol.  will  be  considered  among  the  derivatives  of  betanaphthol. 

Bismuth  magma  should  yield  from  5.6  to  6.2  per  cent,  absolute  bismuth  oxide. 

BismiUh  Hydroxide,  Bi(OH)s,  is  produced  when  an  acid  solution  of 
bismuth  nitrate  is  treated  with  a  soluble  hydroxide,  preferably  a  diluted 
ammonia  water.  The  magma  thus  produced,  when  mixed  with  water 
has  been  popular  under  such  names  as  biamiUh  cream  or  bismuth  milk. 
Such  a  preparation  is  now  official  a: 

MAGMA  BISMUTHI— Bismuth  Magma 
(Magma  Bism. — Milk  of  Bismuth) 

Bismuth  Magma  yields  not  less  than  5.6  per  cent,  nor  more  than  6.2 
per  cent,  of  BisOs. 

Condensed  Recive. 

Dissolve  80  Gm.  bismuth  subnitrate  in  a  mixture  of  equal  volumes  of  nitric  acid  and 
water  and  mix  this  with  a  diluted  nitric  acid.  Dilute  480  mils  of  ammonia  water  with 
water,  dissolve  therein  10  Gm.  ammonium  carbonate,  and  i>our  into  this  anmioniacal 
solution  the  bismuth  solution,  after  which  ammonia  water  is  added  if  the  mixture  is 
not  distinctly  alkaline.  Let  tne  precipitate  subside,  wash  it  several  times  by  decanta- 
tion  (or  by  use  of  a  siphon)  with  distilled  water,  transfer  to  a  strainer  and  wash 
precipitate  until  washings  are  free  from  alkali.  Tnen  drain  magma  and  add  enough 
water  to  make  1  liter.    For  details  see  U.S.P. 

Summarized  DescripHon, 

Thick,  white,  liquid  mixture;  neutral  to  litmus  and  to  phenolphthalein.  For  tests 
for  identity  and  for  assay  see  U.S.P.,  p.  260. 

Dose. — 4  mils  (1  fluidrachm). 

BISMUTHI  SUBNITRAS— Bismuth  Subnitrate 

(Bism.  Subnit.) 

A  bade  bismuth  nitrate  of  varying  chemical  composition,  which,  when  dried  for 
twenty-four  hours  in  a  desiccator  over  sulphuric  acid,  yields,  upon  ignition,  not  less 
than  79  per  cent,  of  bismuth  oxide  [BiaOJ. 

Summarized  Description, 

White,  slightly  ny^proscopic  powder;  insoluble  in  water  and  in  alcohol;  soluble  in 
hydrochloric  and  nitnc  acids,  acid  solution  precipitates  on  addition  of  water;  disso- 
ciates at  red  heat  into  nitrogen  oxides  and  a  yellow  residue,  that  is  blackened  by  hydro- 
gen sulphide.     For  details  see  U.S.P.,  p.  82. 

For  tests  for  identity,  for  impurities  (alkalies  and  alkaline  earths,  insoluble  foreign 
salts,  chloride,  lead,  copper,  sulphate,  silver,  arsenic)  and  for  assay  see  U.S.P.,  p. 
83  and  also  Part  V  of  this  book. 

Remaarka. — An  ancient  synonym  for  this  preparation  was  rnagiaterium 
bismtUhi,  or  the  master  of  bismuth,  it  being  considered  even  in  the  days 
of  the  alchemists  as  the  most  important  preparation  of  that  metal. 
The  present  pharmacopoeia  gives  no  symbolic  formula  for  bismuth 
subnitrate,  as  its  composition  varies.    In  the  pharmacopoeia  of  1880  it 
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was  said  to  be  BiONOsHjO.  The  formula  BiONOs  can  be  resolved  into 
a  combination  of  Bi203  and  bismuth  nitrate, 

BiaOs 
Bi(N08)8,  viz.,  Bi (NOj 

Bi808(N08)s,  or  SBiONOj.     The  formula  BiON08H20  can 
also  be  considered  as  a  combination  of  the  hydroxide  and  the  nitrate, 

viz.,  DJz8i 

UI__NOi.    It  is,  therefore,  apparent  that  the  bismuth  subnitrate  is  a 

mixture  of  the  oxide  and  nitrate,  even  as  ferric  subsulphate  is  a  com- 
bination of  iron  sulphate  and  iron  oxide. 

The  bismuth  subnitrate  is  prepared  from  bismuth  nitrate,  made  by 
treatment  of  the  metal  with  nitric  acid,  as  is  shown  in  the  following 
equation: 

Bij     +     8HN0,     =     2Bi(N0a),     +     4H,0     +     NjO,. 

This  bismuth  nitrate  solution  invariably  contains  arsenic,  nearly 
all  bismuth  ores  b^g  contaminated  with  that  metal,  and  in  order  to 
remove  the  arsenic,  an  elaborate  process  is  necessary.  The  solution  of 
nitrate  is  poured  into  sodium  carbonate  solution,  when  we  obtain  insolu- 
ble bismuth  subcarbonate,  while  the  arsenic  present  goes  into  solution 
in  the  form  of  sodium  arsenate.  The  precipitate  of  bismuth  subcarbon- 
ate is  removed  from  the  liquid  by  filtration,  and  then  dissolved  in  nitric 
acid,  when  the  nitrate  is  again  formed.  This  is  treated  with  a  small 
quantity  of  water  and  allowed  to  stand  twenty-four  hours,  when  the 
remaining  arsenic  separates  out  in  the  form  of  crystalline  bismuth  sub- 
arsenate.  The  filtered  bismuth  nitrate  solution  is  diluted  with  an  equal 
quantity  of  distilled  water,  and  to  the  mixture  water  of  ammonia  is 
slowly  added  with  constant  stirring.  The  pure  bismuth  subnitrate 
separates  out,  and  the  precipitate  is  collected  on  the  filter,  washed,  and 
dried.  In  the  final  separation  of  the  subnitrate  the  real  action  is  due 
to  the  combination  of  bismuth  nitrate  with  water,  as  is  shown  by  the  fol- 
lowing equation: 

2Bi(NOs),     -f     4H2O     «     2BiONO,H,0     +    4HN0,. 

The  fimction  of  ammonia  added  is  to  neutralize  the  nitric  acid  separated 
in  the  reaction. 

At  present  the  salt  is  made  by  pouring  a  solution  of  chemically  pure 
bismuth  nitrate  into  water. 

The  pharmacopoeia  describes  bismuth  subnitrate  as  a  heavy  white 
powder.  A  special  form  of  bismuth  subnitrate,  much  esteemed  in  certain 
sections  of  the  country,  is  a  French  subnitrate  whtch  occurs  in  the  form 
of  cones  weighing  1.5  grammes,  each  cone  being  considered  a  medium 
adult  dose.  These  cones  are  prepared  by  the  process  of  trochiscation. 
(See  p.  118.) 

The  percentage  of  nitric  acid  combined  with  the  subnitrate  is  a  matter  of  some 
importance  as  it  has  been  found  that  when  above  21  per  cent.,  there  is  a  tendency  to 
hydrolyze  when  it  comes  in  contact  with  water.  The  freed  acid  is  then  likely  to 
produce  nitrates  in  the  intestines  with  untoward  results.  It  is  claimed  that  the 
effervescence  of  the  subnitrate  when  it  comes  in  contact  with  bicarbonates  or 
carbonates  is  due  to  such  hydrolysis. 

Bismuth  subnitrate  is  used  as  an  astringent  and  tonic,  although  if 
given  in  large  doses  it  acts  as  a  sedative,  and  is  somewhat  toxic.  Its 
action  in  diarrhea  is  largely  mechanical,  it  forming  a  clammy  covering 
for  the  inflamed  mucous  membrane,  even  as  does  prepared  chalk. 

Dose. — 500  milligrammes  (8  grains). 
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Bismuthi  Citras  (U.S.P.  VIII),  oi*  hismvih  cUrcUe,  BiCeHsOT,  is  made  by  heating 
bismuth  subnitrate  with  citric  acid  and  boiling  for  fifteen  minutes,  or  imtiL  the  test 
prescribed  by  the  pharmacopoeia  shows  that  all  the  subnitrate  has  been  converted 
mto  citrate.  (See  Part  VII.)  This  process  is  an  interesting  illustration  of  how  a 
chemical  action  not  usually  occurring  can  sometimes  be  produced.  Ordinarily,  the 
nitric  acid  combination  of  bismuth  is  much  stronger  than  the  combination  of  bismuth 
with  citric  acid.  But  if  citric  acid  is  boiled  witn  bismuth  subnitrate,  it  eventually 
drives  off  the  stronger  nitric  acid  by  reason  of  the  fact  that  the  nitric  acid  is  volatile, 
while  the  non-volatde  citric  acid  remains  in  the  mixture. 

Bismuth  subnitrate,  as  mentioned  above,  is  insoluble  in  ammonia  water,  while 
the  bismuth  citrate  is  quite  soluble  therein,  and  in  the  accepted  process  the  boiling  is 
continued  until  the  precipitate  is  found  completely  soluble  in  ammonia  water. 

Bismuth  citrate  is  an  example  of  a  salt  made  by  the  union  of  a  trivalent  metal 
(Biui)  with  a  tribasic  acid,  HiCeHtOr.  One  atom  of  Bim  can  replace  the  three 
atoms  of  hydrogen  in  the  citric  acid,  HsCfHsOf,  and  thus  we  get  bismuth  citrate, 
BiCeHtOT. 

Bismuth  citrate  is  a  white  powder,  insoluble  in  water  or  alcohol,  but  soluble  in 
ammonia  water  with  the  formation  ot  the  soluble  bismuth  and  ammonium  citrate. 
Bismuth  citrate  is  rarely  used  in  medicine,  and  about  the  only  reason  why  it  was  given 
recognition  in  U.S.P.  VIII  was  because  it  is  used  in  the  manufacture  of  bismuth  and 
ammonium  citrate. 

BISMUTH  ET  AMMONII  CITRAS— Bismuth  and  Ammonium  Citrate 
(Bism.  et  Ammon.  Cit. — Bismuth  Ammonio-Citrate) 

Bismuth  citrate  rendered  soluble  by  the  presence  of  ammonium  citrate^  which, 
when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  yields,  upon  ignition, 
not  less  than  46  per  cent,  nor  more  than  62  per  cent,  of  bismuth  oxide  [BisOsJ.  Preserve 
it  in  well-closed  containers  protected  from  light. 

Summarized  Deacriplion, 

Shiny,  pearly  or  translucent  scales;  metallic  taste;  becomes  opaque  on  exposure 
to  air;  very  soluble  in  water;  sparinglv  soluble  in  alcohol;  on  heat  it  fuses,  then  chars, 
leaving  blackened  residue,  witn  a  yellow  surface.     For  details  see  U.S.P..  p.  79. 

For  tests  for  identity,  for  impurities  (nitrate,  chloride,  lead,  copper,  sulpnates,  silver, 
arsenic,  alkalies,  alkaline  earths)  and  for  assay  see  U.S.P.,  p.  80  and  also  Part  V 
of  this  book. 

Remarks. — This  preparation  is  made  by  dissolving  bismuth  citrate 
in  ammonia  water  and  evaporating  the  filtered  solution  on  the  water- 
bath  to  syrupy  consistence,  and  scaUng  the  same  by  spreading  it  on 
plates  of  glass. 

Bismuth  and  ammonium  citrate  is  in  the  form  of  small  pearly  scales, 
becoming  opaque  on  exposure  to  air.  It  is  very  soluble  in  water  and 
but  sparingly  soluble  in  alcohol. 

In  order  to  secure  the  bismuth  and  ammonium  citrate  in  the  form 
of  translucent  scales  it  is  necessary  to  spread  it  very  thinly  on  glass, 
and  it  might  be  worth  noting  that  the  scales  of  bismuth  and  ammonium 
citrate  are  not  as  handsome  as  are  the  iron  scale  preparations — ferric 
citrate,  for  instance.  If  the  solution  is  spread  thickly  on  glass,  white, 
'  opaque  scales  are  formed,  and,  as  has  already  been  noted  in  the  official 
description,  often  the  pearly  scales  become  opaque  on  exposure  to  air. 
A  similar  statement  can  also  be  made  in  regard  to  the  solution  of  bis- 
muth and  ammonium  citrate.  This  forms  a  clear,  transparent  liquid 
when  freshly  prepared,  but  on  standing  it  becomes  cloudy,  due  to  gradual 
loss  of  ammonia,  and,  as  the  ammonia  separates,  insoluble  bismuth 
citrate  precipitates  out.  This  cloudy  solution  can  be  cleared  by  the 
addition  of  a  few  drops  of  ammonia  water. 

Bismuth  citrate  is  used  as  an  astringent  and  tonic.  It  will  be  noted 
that  the  dose  is  much  smaller  than  that  of  bismuth  subnitrate.  This  is 
due  to  the  fact  that  the  bismuth  and  ammonium  citrate  is  a  soluble 
product,  and  it  must  be  borne  in  mind  that  when  bismuth  compounds 
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are  soluble,  they  are  by  no  means  harmless.  In  fact,  many  therapeutists 
deprecate  the  administration  of  soluble  bismuth  compounds  by  reason 
of  their  possible  toxic  action.  Bismuth  and  ammonium  citrate  was  the 
basis  of  the  elixir  of  biamiUh  and  the  elixir  of  pepsin  and  KsmtUh  of  the 
previous  edition  of  the  National  Formulary.  The  recipe  for  the  latter 
preparation  was  unsatisfactory,  however,  because  of  the  incompatibility 
of  bismuth  and  ammonium  citrate  combined  with  pepsin.  Bismuth  and 
ammonium  citrate  is  held  in  solution  by  alkalies  and  precipitated  by 
acids  and,  if  we  add  enough  alkali  to  hold  the  bismuth  citrate  in  solution, 
pepsin  will  be  decomposed,  while  if  we  add  an  acid  solution  of  pepsin, 
bismuth  citrate  will  eventually  precipitate, 
Dose.— 125  milligrammes  (2  grains). 

Glyceritum  Bismuthi  (N.F.)  is  a  dycerinic  solution  of  a  double  tartrate  of  sodium 
and  bismuth,  which  is  soluble  in  bow  acids  and  alkalies  and  which  therefore  can  be 
used  with  pepsin  mixtures.  (See  p.  846.)  Also  note  that  the  Formulary  gives  recipes 
for  liquor  hitnnuthi  (p.  190),  for  elixir  biamiUhi,  for  elixir  pepsini,  et  bimtMi  and  for 
elixir  pepsini,  bismtUhi  et  atrychninos  (pp.  207  and  200). 

BISMUTHI  SUBCARBONAS— Bismuth  Sttbcarbonate 

(Bism.  Subcarb.) 

A  basic  bismuth  carbonate  of  varying  chemical  composition,  which,  when  dried 
to  constant  weight  at  lOO^C,  yields,  upon  ignition,  not  less  than  90  per  cent,  of  bis- 
muth oxide  [Bi20i]. 

Summarized  Description, 

White  or  pale  yellowish-white  powder;  insoluble  in  water  or  in  alcohol;  soluble  in 
nitric  or  hydrochloric  acids  with  effervescence;  nitric  acid  solution  is  made  turbid  by 
addition  of  water;  dissociated  at  red  heat  into  water  carbon  dioxide  and  a  yellow 
residue  of  bismuth  oxide.     For  details  see  U.S.P.,  p.  80. 

For  teetefor  identity,  for  impurities  (chlorides,  lead,  copper,  sulphate,  silver,  nitrate, 
arsenic,  alkalies,  alkaline  earths)  and  for  <issay  see  U.S. P.,  p.  81  and  also  Part  V 
of  this  book. 

Remarks. — No  formula  for  bismuth  subcarbonate  is  given  in  the 
present  pharmacopoeia,  but  the  standard  of  1880  declared  it  to  be 
(BiO)2C03.  This  formula  may  be  resolved  into  bismuth  oxide  and 
bismuth  carbonate,  as  is  here  shown: 

Bismuth  oxide  2Bi20a  or  BjiOe 

Added  to  Bismuth  carbonate  Bia     (COs)t 


Gives  Bi606(COi), 

Or  3(BiO)2CO,. 

Bismuth  subcarbonate  is  prepared  by  dissolving  metallic  bismuth 
in  nitric  acid,  and  with  careful  handling  the  resulting  bismuth  nitrate 
solution  is  freed  from  the  arsenic  by  diluting  with  a  little  water  and 
allowing  the  mixture  to  stand  in  order  to  permit  the  subarsenate  to 
separate  out.  This  is  filtered,  and  to  the  filtered  liquid  an  equal  quan- 
tity of  water  is  added,  and  then  a  small  amount  of  ammonia  water, 
when  the  subnitrate  precipitates.  The  bismuth  subnitrate  is  redissolved 
in  nitric  acid,  the  filtered  nitrate  solution  is  then  poured  into  a  solution 
of  sodium  carbonate,  and  the  precipitate  of  bismuth  subcarbonate 
collected  on  the  filter,  washed,  and  dried. 

Bismuth  subcarbonate  is  used  as  an  astringent  and  tonic,  and  in 
use  resembles  bismuth  subnitrate. 

Dose. — 500  milligrammes  (8  grains). 
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BISMUTHI  SUBGALLAS— Bismuth  Subgallate 
(Bism.  Subgal. — Dermatol) 

A  basic  bismuth  gallate  of  vaiying  chemical  composition  which,  when  dried  to 
constant  weight  at  100°C.,  yields,  upon  ignition,  not  less  than  52  per  cent.,  nor  more 
than  57  per  cent.,  of  bismuth  oxide  [BisOs]. 

Summarized  Description. 

Amorphous,  bright  yellow  powder;  insoluble  in  water,  alcohol  or  ether  and  in 
very  dilute  mineral  acids;  soluble  with  decomposition  in  hydrochloric,  nitric  and  sul- 
phuric acids;  soluble  in  alkaline  hydroxide  solutions;  chars  on  heating  and  then  leaves 
residue  of  bismuth  oxide.    For  details  see  U.S. P.,  p.  81. 

For  teste  for  idenHty,  for  impurities  (chlorides,  lead,  copper,  sulphate,  silver,  arsenic, 
nitrates,  free  gallic  acid,  alkalies,  alkaline  earths)  ana  for  ctssay  see  U.S.P.,  p.  82 
and  also  Part  V  of  this  book. 

Remarks, — This  official  is  prepared  by  treating  an  acetic  acid  solution 
of  bismuth  nitrate  with  gallic  acid.  It  is  popularly  known  as  dermatoly 
and  is  used  as  an  astringent,  both  externally  and  internally. 

Dose, — 500  niilligrammes  (8  grains). 

BISMUTHI  SUBSALICTLAS— Bismuth  Subsalicylate 

(Bism.  Subsalicyl.) 

A  basic  bismuth  salicylate  of  varying  chemical  composition,  which,  when  dried  to 
constant  weight  at  lOO^C.,  yields,  upon  ienition,  not  less  than  62  per  cent,  nor  more 
than  66  per  cent,  of  bismuth  oxide  [BitOij.     Protect  it  from  light. 

Summarized    Description, 

White,  or  nearly  white,  amorphous  or  crystalline  powder;  almost  insoluble  in  cold 
water;  decomposed  on  boiling  witii  water;  partly  soluble,  with  decomposition  in 
hydrochloric  or  nitric  acid;  chars  at  red  heat,  finally  leaving  yellow  residue  of  bismuth 
oxide.     For  details  see  U.S.P.,  p.  83. 

For  tests  for  identity  J  for  impurities  (free  salicvUc  acid,  nitrate,  chlorides,  lead,  copper, 
sulphate,  silver,  arsenic)  and  for  assay  see  U.S.P.,  p.  83  and  also  Part  V  of  this  book. 

Remarks, — Bismuth  subsalicylate  is  made  by  triturating  and  warming 
an  aqueous  solution  of  salicylic  acid  with  aiihydrous  bismuth  oxide, 
obtained  by  boiling  bismuth  hydroxide  which  has  been  prepared  by 
precipitating  a  nitric  acid  solution  of  bismuth  subnitrate  with  potassium 
hydroxide  or  ammonium  hydroxide.    It  is  used  as  an  intestinal  antiseptic. 

Dose. — 500  milligrammes  (8  grains). 
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CHAPTER  XXXIV 
LEAD,  MERCURY,  AND  SILVER 

LEAD 
Symbol,  Pt.    Atomic  weight,  205.35 

Lead  occurs  in  the  form  of  sulphide  in  the  ore  galena.  By  way  of 
passing  it  is  worth  noting  that  some  galena  ore  contains  considerable 
silver.  (See  p.  561.)  Among  the  other  ores  of  lead  are  various  forms 
of  the  carbonate  and  the  sulphate. 

Metallic  lead  was  used  in  classic  times,  the  Latin  name  plumbum 
being  the  same  applied  to  it  by  classic  writers,  its  original  meaning 
being  ''heavy." 

Lead  is  prepared  from  the  sulphide  by  roasting  in  a  reverberatory 
furnace,  thus  converting  the  sulphide,  under  the  influence  of  atmos- 
pheric oxygen,  into  lead  oxide  and  lead  sulphate,  shown  in  the  follow- 
ing equations: 

PbS    +    O,     =»     PbO        +    SO,. 
PbS     +    04     =     PbS04. 

The  resulting  lead  oxide  combines  with  a  new  portion  of  lead  sul- 
phide  with  the  formation  of  the  metal  and  the  separation  of  SO2,  by  the 
following  equation : 

2PbO    +    PbS     =     Pb,    +    SO,, 

while  the  lead  sulphate  reacts  with  more  lead  sulphide  in  the  manner 
shown  in  the  following  equation : 

PbSOi     +    PbS     =     Pb,     +    2S0,. 

Lead  is  a  heavy,  bluish  metal,  freely  malleable,  and  somewhat 
ductile.  Its  pliability  has  given  rise  to  its  extended  use  in  plumbing, 
the  name  of  the  craft  being  derived  from  the  word  plumbum,  lead,  since 
leaden  pipes  are  largely  used  for  the  transport  of  water.  It  should  be 
said  that  lead  water-pipes  are  scarcely  harmless,  traces  of  lead  hydroxide 
dissolving,  and  water  so  contaminated  produces  a  dangerous  ailment 
called  lead  coUc.  With  hard  water,  i.e.,  water  containing  lime  and 
magnesia  dissolved  by  aid  of  carbon  dioxide,  there*  is  less  danger,  as  car- 
bonic acid  acts  on  fresh  lead,  forming  lead  carbonate,  which  coats  the 
interior  of  the  pipe  and  prevents  any  of  the  lead  dissolving  in  the  water. 
Lead  is  used  in  the  manufacture  of  solder,  which  is  a  variety  of  the  fusible 
metal  made  by  combining  equal  quantities  of  tin  and  lead.  This 
mixture  melts  at  186°C.,  and  is  used  for  fastening  pieces  of  tin  or  other 
metal  together. 
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The  tests  for  lead  are  as  follows:  Hydrochloric  acid  produces  a  white 
precipitate  of  lead  chloride,  being  one  of  the  three  chlorides  thus  pre- 
cipitated, the  other  two  metals  precipitated  in  the  form  of  chloride  being 
silver  and  mercurous  compounds.  Lead  gives  with  hydrogen  sulphide 
and  anamonium  sulphide  a  black  sulphide;  with  sulphuric  acid  it  precipi- 
tates white  lead  sulphate,  and  with  carbonates,  white  lead  carbonate  is 
precipitated  out  of  the  solution.  Quite  characteristic  is  the  yellow 
precipitate  of  lead  chromate  produced  when  a  solution  of  lead  salt  is 
treated  with  a  solution  of  potassium  chromate. 

Five  oxides  of  lead  are  known,  Pb20,  a  black  velvety  powder,  PbO, 
or  litharge,  U.S.P.;  Pb208,  which  may  be  considered  as  a  mixture  of  PbO 
and  Pb02,  the  composition  of  which  can  best  be  explained  by  the  following 

graphic  formula,  ■  ito>Pb,  that  is,  a  combination  of  lead  with 
valence  iv,  with  lead  with  valence  ii;  Pb02,  which  is  called  jmce-colored 
lead  oxide,  in  which  lead  shows  valence  iv;  Pb804,  or  red  lead  (N.F.  IV), 
which  can  be  considered  as  a  combination  of  Pb20«  and  PbO,  or  else  as  a 
lead  plumbate,  Pb2Pb04;  that  is,  the  lead  salt  of  orthoplumbic  acid, 
Pb(0H)4  or  H4Pb04.  Red  lead  is  made  by  sprinkling  hot  litharge  with 
water  and  carefully  drying.    It  is  of  value  as  a  pigment. 

The  official  preparations  of  lead  are: 

Lead  acetate.     At  least  99.5  per  cent,  absolute  Pb(CiHs03)s  -f  3HsO. 

Solution  of  lead  subacetate.  Contains  lead  subacetate,  Pb20(CHsCOO)t  corre- 
sponding to  at  least  18  per  cent.  lead. 

Diluted  solution  of  lead  subacetate  contains  about  4  per  cent,  solution  of  lead 
subacetate. 

Lead  oxide.     At  least  96  per  cent,  absolute  PbO. 

Lead  plaster.     A  lead  oleopalmitate. 

Diachylon  ointment  contains  50  per  cent,  lead  plaster. 

PLUMBI  OXIDUM— Lead  Oxide 
(Plumb*  Oxid. — ^Litharge) 

It  contains,  when  freshly  ignited,  not  less  than  96  per  cent,  of  PbO  (223.10). 
Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Heavy  yellowish  or  reddish-yellow  powder  or  minute  scales;  absorbs  moisture  and 
carbon  dioxide  from  the  air;  almost  insoluble  in  water;  insoluble  in  alcohol;  soluble 
acetic  or  diluted  nitric  acid  and  in  warm  alkaline  hydroxide  solutions;  on  heating 
becomes  darker  and  then  fuses;  heated  with  charcoal  reduces  to  metallic  lead.  For 
details  see  U.S.P.,  p.  329. 

For  teats  for  identity ,  for  impurities  (carbonate)  see  U.S. P.,  p.  329. 

Remarks. — This  oxide  of  lead  is  called  litharge,  a  word  used  since 
ancient  times,  and  derived  from  the  two  Greek  words,  lithos,  a  stone, 
and  arguros,  silver.  It  is  so  called  because  the  ancients  discovered 
that  when  the  ore,  crude  litharge,  was  fused,  the  pure  litharge,  freed 
from  the  mineral  impurities,  fused  in  the  form  of  bright,  shiny,  silvery 
scales. 

Manufacture. — The  chief  source  of  Utharge  is  as  a  side-product  in 
obtaining  silver  from  galena.  The  ore  (lead  sulphide,  p.  544)  is  cal- 
cined, thus  driving  off  the  sulphur,  and  the  residue  brought  to  a  state 
of  fusion,  when  the  lead  oxide  separates  out  by  crystallization  from 
the  fused  mass  of  silver. 

Litharge  is  but  little  used  in  medicine,  although  important  as  a 
constituent  of  two  popular  pharmaceuticals,  solution  of  lead  subacetate 
and  lead  plaster. 

35 
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PLUMBI  ACETAS— Lead  Acetate 
(Plumb.  Acet. — Sugar  of  Lead) 

It  contains  not  less  than  85.31  per  cent,  nor  more  than  89.57  per  cent,  of  anhydrous 
lead  acetate,  corresponding  to  not  less  than  99.5  per  cent,  of  the  crystallized  salt 
[Fb(CtHtOs)t  +  3HiO  «  379.20].     Preserve  it  in  well-closed  containers. 

Summarused  Deacriptian, 

Colorless,  shining,  efflorescent,  monoclinic  prisms  or  plates,  or  heavy  white  crys- 
talline masses  or  granular  crystaLs;  faintly  acetous  odor;  sweetish,  astringent,  then 
metallic  taste*  soluble  in  about  1.4  parts  of  water  and  in  about  30  parts  of  alcohol; 

2uite  soluble  m  glycerin;  on  heating  is  exsiccated,  then  fuses  and  then  dissociates. 
*or  details  see  U.S.P.,  p.  328. 
For  tesUfor  identity,  for  impurUies  (carbonate,  iron  and  copper)  see  U.S. P. 

Remarks. — Lead  acetate  is  incorrectly  and  dangerously  called  ''sugar 
of  lead.''  Lead  being  bivalent,  it  can  replace  two  hydrogen  atoms  in  an 
acid,  and  since  acetic  acid  has  but  one  replaceable  hydrogen  atom  to  the 
molecule,  two  molecules  of  acetic  acid  are  needed  to  combine  with  one 
atom  of  lead,  thus:    ^ 

However,  the  acetate  is  usually  made  by  treating  the  oxide  litharge 
(not  the  metal)  with  acetic  acid. 

The  solution  is  concentrated,  and  the  lead  acetate  is  allowed  to 
crystallize.  It  is  important  to  note  that  the  average  conunercial  lead 
acetate  should  not  be  dispensed  without  purification,  as  it  contains 
appreciable  quantities  of  both  lead  oxide  and  lead  carbonate.  The 
purification  of  this  commercial  lead  acetate  is  a  simple  matter,  how- 
ever, the  acetate  dissolving  in  water  and  recrystallizing,  while  the 
impurities  do  not  dissolve. 

Lead  acetate  is  used  as  an  astringent  and  sedative,  both  internally 
and  externally.  An  overdose  acts  as  an  irritant  poison,  producing 
severe  gastric  disturbances.  The  antidote  for  lead-poisoning  or  in 
lead-coUc  is  an  alkaline  sulphate,  the  one  generally  preferred  being 
magnesium  sulphate  or  Epsom  salt.  Externally,  it  is  used  either  in  an 
aqueous  solution  or  in  the  form  of  suppositories,  the  latter  being  a 
highly  esteemed  remedy  for  piles,  a  favorite  prescription  of  this  land 
being  lead  acetate  with  extract  of  opium  and  oil  of  theobroma.  The 
preparation  of  the  suppositories  of  lead  and  opium  requires  considerable 
skiU. 

The  extract  of  opium  should  be  rubbed  up  with  enough  water  to 
make  it  into  a  paste  thin  enough  to  pour.  The  lead  acetate  should 
be  reduced  to  the  form  of  an  impalpable  powder,  and  added  to  the 
molten  oil  of  theobroma,  with  constant  stirring,  the  mixture  is  then 
poured  into  molds,  after  adding  the  thinned  extract,  just  at  that  mo- 
ment when  the  oil  of  theobroma  is  ready  to  soUdify.  Unless  these 
Erecautions  are  followed  (especially  the  stirring),  there  is  danger  of  the 
eavy  lead  acetate  settling  at  the  bottom  of  the  dish  in  which  the  oil 
of  theobroma  is  melted,  and  thus  the  last  suppository  poured  there- 
from will  contain  a  majority  of  the  lead  salt.  Lead  acetate  solution 
is  used  as  a  wash  for  some  skin  troubles,  such  as  ivy-poisoning  and 
chilblains,  but  for  this  purpose  a  solution  of  lead  subacetate  is  fre- 
quently preferred. 

Dose, — 60  milligrammes  (1  grain). 
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LIQUOR   PLUMBI    SUBACETATIS— Solution   of   Lead    Subacetate 

(Liq,  Plumb.  Subacet. — Goulard's  Extract) 

An  aqueous  solution  containing  lead  subacetate  [approximately  PbtO(CH|- 
COO),  =  548.26],  corresponding  to  not  less  than  18  per  cent,  of  Pb.  Preserve  the 
solution  in  well-stoppered  bottles. 

Recipe, — See  Part.  VII. 

Summarized  Description. 

Clear,  colorless  liquid;  sweet,  astringent  taste;  absorbs  carbon  dioxide  from  the 
air;  and  becomes  turbid  due  to  lead  carbonate;  sp.  gr.  1.245.  For  details  see  U.S. P., 
p.  250. 

For  testa  far  identity,  for  immarilies  (normal  lead  acetate)  and  for  (issay  see  U.S. P., 
p.  250  and  also  Part  V  of  this  book. 

Remarks. — This  preparation — Govlard^a  extract — contains  lead  sub- 
acetate, which,  like  all  "sub-"  salts  (see  Ferric  Subsulphate,  p.  613), 
is  a  combination  of  a  salt  of  a  metal  with  the  oxide  of  the  same  metal. 
Remember  it  is  not  a  mere  mechanical  mixture,  but  a  combination 
like  that  existing  between  the  sulphates  of  aluminum  and  potassium 
in  official  alum. 

The  solution  is  made  by  boiling  together  water,  lead  acetate,  and 
lead  oxide,  full  details  of  manufacture  and  equation,  showing  chemical 
action,  being  given  on  p.  1003.  The  pharmacopoeia  says  that  the  solu- 
tion contains  approximately  Pb20(C2H802)2,  which  we  find  corresponds 
to  the  sum  resulting  from  the  addition  of  one  molecule  of  lead  acetate 
to  one  molecule  of  lead  oxide,  viz. : 

Pb     (C2HtOs)t    (Lead  acetate.) 
PbO (Lead  oxide.) 

Pb20(C2H,Os)i    (Lead  subacetate.) 

That  a  chemical  change  is  produced  is  shown  by  the  fact  that  the 
insoluble  lead  oxide  is  made  to  dissolve  with  the  formation  of  a  soluble 
oxyacetate. 

It  will  be  noted  that  the  lead  subacetate  solution  is  unstable,  espe- 
cially unless  kept  tightly  corked,  the  carbon  dioxide  of  the  air  acting 
on  the  solution,  with  the  formation  of  lead  carbonate  which  precipitates. 

Solution  of  lead  subacetate  is  used  almost  entirely  externally;  for 
this  purpose  being  employed  as  a  sedative  and  astringent  wash  in  minor 
skin  troubles,  such  as  bruises,  frost-bite,  and  the  Uke.  For  many  pur- 
poses of  this  kind  a  diluted  solution  is  preferable,  and  that  is  provided 
by  the  pharmacopoeia. 

LIQUOR  PLUMBI  SUTBACETATIS  DILUTUS— DUuted  Solution  of 

Lead   Subacetate 

Recipe. — See  p.  187. 

Remarks. — This  is  made  by  diluting  four  parts  of  the  strong  solu- 
tion of  lead  subacetate,  given  above,  with  96  parts  of  watet,  which  has 
previously  been  boiled  in  order  to  expel  the  carbon  dioxide  it  might  contain. 
(See  p.  187.)  This  solution  is  usually  dispensed  in  a  sUghtly  opalescent 
condition,  first  because,  on  standing,  it  will  gradually  become  opalescent 
anyway,  and,  secondly,  to  afford  a  differentiation  between  the  so-called 
"lead-water"  and  "Ume-water,"  the  latter  product  being  dispensed 
in  a  crystal-clear  form. 

Lead-water  is  used  as  a  soothing  lotion,  and  is  frequently  dispensed 
in  combination  with  a  small  quantity  of   tincture  of    opium.     This 
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mixture,  while  quite  populari  is  incompatiblei  for,  as  soon  as  the  tincture 
of  opium  is  added  to  the  lead-water,  there  is  formed  a  flocculent  pre- 
cipitate (lead  meconate).  The  prescription  is  a  usual  one,  however, 
and  pharmacists  always  dispense  the  same,  containing  the  precipitate, 
placing  a  "Shake  Well!"  label  on  the  bottle. 

Ceratum  Plumbi  Subacetatis  (XJ.S.P.  VIII;  N.F.  IV),  or  cerate  of  lead  evbaceUiie 
made  by  incorporating  solution  of  lead  subacetate  with  an  ointment  base  consisting 
of  wool-fat,  paraffin,  white  petrolatum,  and  camphor.  It,  like  the  solution  from  which 
it  is  made,  was  first  introduced  by  the  chemist  Goulard,  hence  it  is  called  OoulanTa 
cerate. 

Goulard's  cerate  is  used  for  mild  skin  troubles,  and  is  particularly  recommended 
for  cases  of  chilblain. 

Plumbi  carbonas  (U.S.P.  1S90;  N.F.  IV),  or  white  lead,  like  the  carbonates  of  zinc 
and  of  magnesium,  is  acombinationof  the  carbonate  and  the  hydroxide;  the  formula 
given  the  compound  in  the  pharmacopoeia  of  1800  having  been  (PbC03)tPb(0H)t. 

It  must  be  borne  in  mind  that  such  a  formula  as  the  one  just  raven  does  not 
represent  a  mechanical  mixture  of  lead  carbonate  and  lead  hydroxide,  but  a  combina- 
tion far  more  intimate,  which  may  be  best  explained  by  the  following  graphic  formula: 

HO— Pb— V 

>C0, 
Pb^  < 

>C0, 
HO— Pb— / 

Falk  claims  that  the  formula  is  more  complex,  that  is,  5PbCOs  2Pb(OH)|PbO. 

Lead  carbonate  can  be  made  in  small  Quantities  at  the  prescription  counter  by 
combination  of  molecular  quantities  of  lead  nitrate  and  sodmm  carbonate,  but  that 
used  for  paint  is  produced  by  other  means.  The  oldest  method  and  one  still  largely 
used,  because  of  the  superiority  of  the  product,  as  a  paint,  is  that  made  by  the  so- 
called  Dutch  process,  oy  this  process  sheets  ot  lead  are  coiled  in  earthenware  pots, 
moistened  with  acetic  acid.  A  long  series  of  these  pots,  carefully  covered  to  prevent 
the  admission  of  dirt,  and  yet  loose  enough  to  permit  the  admission  of  gases,  are 
then  placed  in  rows,  are  covered  with  decaying  manure  or  other  animal  matter,  and 
allowed  to  stand  so  covered  for  five  to  six  weeks.  The  decaying  animal  matter 
produces  a  large  quantity  of  carbon  dioxide,  which  is  gradually  absorbed  bv  the  lead 
acetate  first  produced  in  the  pots  by  the  action  of  acetic  acid  on  the  sheet  lead. 
Experience  tells  how  long  the  maceration  should  continue,  and  when  a  sufficient 
length  of  time  has  elapsed,  the  covering  of  manure  is  removed,  and  the  contents  of 
the  pots  are  found  to  consist  of  powdered  white  lead.  Besides  this  Dutch  process, 
large  ouantities  of  white  lead  are  now  made  for  paints  by  passing  carbon  dioxide 
througn  a  solution  of  lead  subacetate. 

Lead  carbonate  is  indicated  in  some  cases  of  skin  trouble  and  is  then  usually 
applied  in  the  form  of  ointment  (imguenttun  plmnbi  carbonati&  U.S. P.  1800). 
This  consists  of  10  Gm.  of  lead  carbonate  in  a  very  finely  powdered  form,  rubbed  up 
with  90  Gm.  of  benzoinated  lard. 

A  considerable  amount  of  white  lead  was  formerly  used  as  a  cosmetic  (face 
powder).  Its  use  for  this  purpose  is  dangerous,  because  of  the  absorption  of  the  lead 
through  the  pores  of  the  skin,  which  causes  lead  colic. 

Rubbed  to  a  fine  paste  with  linseed  oil,  white  lead  constitutes  one  of  the  most 
popular  white  paints,  although  such  paints  should  not  be  used  in  lavatories  or  other 
apartments  where  there  is  a  possibihty  of  the  liberation  of  hydrogen  sulphide  gas, 
which  will  change  the  white  lead  carbonate  into  the  black  lead  sulphide. 

Plumbi  lodidum  (U.S.P.  VIII;  N.F.  IV),  or  lead  iodide,  Pbl„  shows  lead  with 
valence,  u,  the  linkage  being, 

IThis  chemical  is  made  by  treating  a  solution  of  lead  nitrate  with  potassium  iodide, 
as  shown  in  the  following  equation, 

Pb(N03)2     +     2KI     =     Pbl,     +     2KN0,, 

and  collecting  and  washing  the  precipitated  lead  iodide. 

Lead  iodide  is  rarely  used  internally.  When  it  is,  it  acts  as  an  alterative,  and  is 
given  in  doses  of  one  to  three  grains.  Its  chief  value  is  for  external  use  in  tmnors 
and  indolent  swellings,  in  which  case  it  is  usually  employed  in  the  form  of  the  unauen^ 
turn  jdumbi  iodidi  (N.F.  IV).  which  is  made  by  ruobing  up  ten  parts  of  very  nnely 
powdered  lead  iodide  with  SO  parts  of  benzoinated  lard. 
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Plumbi  Nitras  (U.S.P.  VIII),  or  lead  nUrcUe,  Pb(N08)»,  ia  made  by  treating  lead 
oxide  with  nitric  acid,  as  shown  in  the  following  equation : 

PbO     +    2HN0,     =     Pb(N0,)2     +    H,0. 

The  solution  of  lead  is  concentrated  by  the  evaporation  of  the  surplus  water,  and 
after  filtering  it  is  allowed  to  stand,  when  the  lead  nitrate  separates  in  the  form  of 
small  crystals. 

The  use  of  lead  nitrate  is  for  the  preparation  of  the  other  salts  of  lead.  Medic- 
inally, it  is  used  externally  as  a  cooling  wash,  and  enjoys  some  reputation  as 
a  disinfectant. 

EMPLASTRUM  PLUMBI— Lead  Plaster 

For  recipe,  see  Part  VII. 

Remarks. — This  is  an  oleopalmitate  of  lead  prepared  by  boiling 
olive  oil  and  lard  with  a  mixture  of  lead  oxide  and  water.  The  chemistry 
of  the  process  will  be  discussed  on  p.  1004*  In  the  last  pharmacopoeia 
lead  plaster  was  prepared  by  precipitating  a  solution  of  soap  with  a  solu- 
tion o£  lead  acetate,  but  the  product  was  not  wholly  satisfactory. 

As  the  name  indicates,  the  product  is  used  as  a  plaster  base. 

UNGUENTUM  DIACHYLON— Diachylon  Ointment 

(See  p.  332.)  This  ointment  consists  of  melted  lead  plaster  diluted 
with  olive  oil  and  oil  of  lavender.  The  ointment  was  formerly  in  con- 
siderable repute  as  a  remedy  for  eczema. 

MERCURY 

Symbol,  Hg.     Atomic  weight,  approximately,  200 

Mercury  occiuis  chiefly  as  a  sulphide,  forming  the  valuable  mineral 
cinnabar,  and  is  occasionally  found  in  the  native  state.  Cinnabar 
has  been  known  since  the  time  of  the  Grecian  philosophers,  and  the 
separation  of  the  metal  by  heating  of  cinnabar  was  described  by  Dioscor- 
ides,  while  the  metal  was  called  hydrargyrum  (water  silver)  by  Pliny. 
It  was  first  used  in  medicine  by  Paracelsus. 

Metallurgy, — Mercury  is  obtained  by  roasting  cinnabar  in  an  appro- 
priate retort,  when  mercury  and  sulphurous  oxide  are  formed,  .as  shown 
in  the  following  equation: 

HgS    +    Oj     =    Hg    +    SO,. 

(From  air) 

The  vapors  of  sulphurous  oxide  are  permitted  to  escape,  while  the 
metallic  mercury  is  held  back  in  an  appropriate  condenser. 

Mercury  is  a  silvery  white,  mobile  liquid,  hence  called  quicksilver. 
It  has  a  specific  gravity  of  13.5,  and  is  the  heaviest  known  liquid. 
It  is,  moreover,  of  interest  as  being  the  only  metallic  substance  which 
is  Uquid  at  ordinary  temperatures.  It  requires  a  cold  of  40^  below  zero 
(both  Fahrenheit  and  Centigrade)  to  solidify  it. 

Mercury  has  the  property  of  combining  with  almost  all  the  metals 
(but  iron),  forming  liquid  alloys,  which  we  call  amalgams;  some  of  which 
are  definite  chemical  compounds  (example,  KHg).  The  fact  that  iron 
does  not  combine  with  mercury,  permits  the  storage  of  mercury  in 
iron  containers.  Mercury  boils  at  360°C.,  but  vaporizes  below  that 
temperature,  and  the  vapor  is  poisonous.  Hence  trades  demanding 
the  use  of  a  large  amount  of  mercury,  such  as  in  making  mirrors,  are 
dangerous  to  the  health  of  the  workmen.  As  mentioned  on  p.  349,  the 
atomic  and  molecular  weight  of  mercury  is  the  same,  200. 
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The  tests  for  mercury  are  as  follows:  The  black  sulphide  produced 
by  the  action  of  hydrogen  sulphide  or  ammonium  sulphide;  a  routine 
test,  which  is  of  very  little  value,  except  in  the  precipitation  of  mercury 
in  the  regular  scheme  of  analyiiic  chemistry.  (See  p.  878.)  In  this  test 
both  forms  of  mercury  (the  "ous**  and  "ic")  separate  in  the  form  of 
black  mercuric  sulphide.  There  are  quite  a  number  of  characteristic 
tests  differentiating  the  * *ous"  compoimds  from  the  "ic* *  compounds.  The 
potassium  iodide  precipitates  from  the  solution  of  mercurous  salts  the 
yellow  mercurous  iodide;  while  the  same  reagent  with  the  mercuric 
salts  gives  a  red  mercuric  iodide.  Hydrochloric  acid  precipitates  from  solu- 
tions of  mercurous  salts  insoluble  white  mercurous  chloride;  while  with 
**ic"  salts  no  precipitate  is  formed  by  this  reagent.  Metallic  copper  or 
stannous  chloride  solution,  when  mixed  with  a  mercurous  compound,  re- 
duces it  to  a  metallic  mercury,  which  separates  out  in  the  form  of  a  fine 
gray  precipitate.  Calcium  hydroxide  solution  (lime-water)  forms  with 
mercurous  compoimds  a  black  precipitate  of  mercurous  oxide — Hg20 — 
and  the  liquid  so  prepared  from  calomel  water  and  lime-water  is  called 
blcLck  wash  (aqua  phagedcenica  nigra,  lotto  nigra,  N.F.).  Mercuric  salts 
with  lime-water  form  a  yellow  precipitate  of  mercuric  oxide,  and  a  liquid 
so  prepared  from  corrosive  subUmate  water  and  lime-water  is  called 
yellow  wash  (aqua  phagedcenica  fiava,  lotio  flavay  N.F.). 

Two  oxides  of  mercury  are  known — HgaC))  mercurous  oxide,  and 
HgO,  mercuric  oxide. 

Referring  to  the  table  of  elements  on  p.  352,  we  find  that  mercury 
is  both  univalent  and  bivalent,  and  we,  therefore,  have  two  lines  of 
mercury  salts — ^the  mercuric  and  mercurous. 

When  speaking  of  copper  on  p.  537,  attention  was  called  to  the  fact  that 
that  metal  exhibited  the  valence  i  and  ii,  and  that  such  variation  did  not 
agree  with  the  rule,  laid  down  on  p.  357,  that  variation  in  valence  should 
be  by  twos.  Such  exception  we  found  in  the  ferric  and  ferrous  salts, 
the  apparent  valence  in  that  case  being  ii  and  iii,  and  that  exception 
was  explained  on  p.  503  by  the  theory  that  ferric  iron  really  has  the 
valence  iv,  making  iron,  ii  and  iv.  In  a  somewhat  similar  way  we 
explain  the  valence  of  copper  and  mercury.  In  the  mercuric  form  the 
valence  is  undoubtedly  ii,  and  mercuric  chloride  can  be  expressed  as 
shown  in  Formula  A,  given  below. 

In  the  mercurous  form  the  valence  is  also  supposed  to  be  n,  and  all 
mercurous  compounds  are  supposed  to  be  made  up  of  two  atoms  of 
mercury  linked  as  in  Formula  B.  Thus  we  suppose  the  formula  of 
mercurous  chloride  (calomel)  is  as  in  Formula  C, 

Formula  A  Formula  B  Formula  C 

ng-ci  I  I 

Hq-  rig-ci. 

and  the  pharmacopoeia  of  1890  gave  the  formula  of  calomel  as  HgaCU, 
not  HgCl,  and  likewise  with  all  other  mercurous  salts. 

The  theory  of  the  bivalency  of  mercury  in  mercurous  compounds 
is  not,  however,  unanimously  accepted,  some  chemists  considering 
mercury  in  the  **ous"  form  as  possessing  valence  i,  and  thus  giving  the 
mercurous  bodies  the  simpler  single  formula — ^for  example,  calomel, 
HgCl.     This  view  is  the  one  recognized  in  the  present  pharmacopoeia 
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where  all  formulas  (see  Alum,  p.  492  and  Ferric  Chloride,  p.  503)  are 
given  their  simplest  form. 

The  official  forms  of  mercury  and  its  compounds  are: 

Mercuiy.     At  least  99.5  per  cent,  absolute  Hg. 

Mass  of  mercury  contains  from  32  to  34  per  cent,  mercury. 

Mercurial  ointment  contains  50  per  cent,  mercury. 

Blue  ointment  contains  30  per  cent,  mercury. 

Mercury  with  chalk  contains  from  37  to  39  per  cent,  mercury. 

Ajnmoniated  mercury — HgNHjCJ — contains  78  to  80  per  cent,  mercury. 

Ointment  of  ammoniated  mercury  contains  10  per  cent,  ammoniated  mercury. 

CJorrosive  mercuric  chloride.    At  least  99.5  per  cent,  absolute  HgCU. 

Poison  tablets  of  corrosiye  mercuric  chloride.  Each  tablet  contains  0.45  to  0.55 
Gm.  HgCU. 

Mild  mercurous  chloride.    At  least  99.6  per  cent,  absolute  HgCl. 

Red  mercuric  iodide.    At  least  99  per  cent,  absolute  Hgls. 

Yellow  mercurous  iodide.     At  least  99  per  cent,  absolute  Hgl. 

Red  mercuric  oxide.     At  least  99.5  per  cent,  absolute  HgO. 

Yellow  mercuric  oxide.     At  least  99.5  per  cent,  absolute  HeO. 

Ointment  of  yellow  mercuric  oxide  contain^  10  per  cent,  yellow  mercuric  oxide. 

Oleate  of  mercury  contains  25  per  cent,  yellow  mercuric  oxide. 

Ointment  of  mercuric  nitrate  contains  7  per  cent,  mercury  combined  as  nitrate. 

Mercuric  salicylate  contains  from  54  to  59.5  per  cent,  of  mercury  combined  as 
salicylate. 

HYDRARGYRUM— Mercury 
(Hydrarg. — Quicksilver) 

It  contains  not  less  than  99.5  per  cent,  of  Hg  (200.6).  Preserve  it  in  strong,  well- 
closed  containers. 

Summarized  Description, 

Shining  silver-white,  liquid  metal:  easily  divisible  into  spherical  globules; 
solidifies  at  —  40**C.;  sp.  sr.  13.5;  insoluble  in  most  solvents,  including  hydrochloric 
acid;  soluble  in  boiling  sulphuric  acid  and  in  nitric  acid;  volatilizes  some  at  ordinary 
temperature  and  boils  at  358®C.    For  details  see  U.S. P.,  p.  219. 

For  tests  for  identity  and  for  wsay  see  U.S.  P.,  p.  220  and  also  Part  V  of  this  book. 

Remarks, — Metallic  mercury  is  one  of  the  three  metals  recognized 
by  the  pharmacopoeia  as  a  metal,  the  other  two  being  zinc  and  iron. 

It  will  be  noticed  from  the  pharmacopoeial  description  oi  the  metal 
that  one  of  the  tests  is  that  a  globule  of  mercury  rolled  on  paper  should 
not  leave  a  black  mark.  If  it  does  leave  a  mark,  it  means  that  the 
mercury  is  contaminated  with  dirt,  and  this  can  be  removed  by  straining 
through  chamois.  If  there  is  only  a  small  quantity  of  mercury  to  be 
so  cleaned,  it  can  be  done  by  placing  a  plain  filter  in  a  funnel,  and  pierc- 
ing the  point  of  the  filter  with  a  pinhole,  just  large  enough  to  permit 
the  passage  of  the  mercury  in  a  very  fine  stream. 

The  ^obules  of  mercury  rolling  down  over  the  paper  toward  the 
pinhole  will  leave  most  of  the  dirt  against  the  paper. 

It  must  be  borne  in  mind,  however,  that  this  process  will  remove 
only  such  impurities  as  are  insoluble,  and  for  a  complete  purification 
of  the  metal  its  distillation  is  advisable.  To  perform  this  is,  however, 
a  matter  of  difficulty,  except  on  a  large  scale,  and  recourse  is  had  to 
purification  by  treatment  of  diluted  nitric  acid,  washing  with  water, 
drying,  and  expressing  through  chamois. 

Mercury  is  always  given  medicinally  in  finely  divided  form,  and 
of  such  preparations  the  following  are  official: 

MASSA  HTDRARGYRI— Mass  of  Mercury 
(Mass.  Hydrarg. — Blue  Mass) 

It  contains  not  less  than  32  per  cent,  nor  more  than  34  per  cent,  of  Hg.  Preserve 
the  product  in  well-closed  containers. 
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Recipe  and  details  of  manufacture  see  Part  VIL 

Assay. — See  Part  V. 

Remarks. — Mows  of  mercury  is  mercury  extinguished  (as  already 
explained  on  p.  302)  by  honey  of  rose  and  glycerin,  the  excipient  (a 
hardener  in  this  case)  being  glycyrrhiza  and  althaea.  For  details  of 
manufacture  see  p.  302.     Mass  of  mercury  is  used  as  a  cholagogue. 

Dose. — 250  milligrammes  (4  grains). 

HYDRARGYRUM  CUM  CRETA— Mercury  with  Chalk 
(Hydrarg.  cum  Cret. — Gray  Powder) 

It  contains  not  less  than  37  per  cent,  nor  more  than  39  per  cent,  of  Hg. 

Condensed  Recipe. 

Weigh  38  Gm.  mercury  and  10  Gm.  clarified  honey  into  a  stout  bottle,  add  2 
mils  of  water  and  shake  until  the  mercury  is  extinguished  (no  longer  visible  under 
glass  magnifying  four  diameters).  Make  a  thick  creamy  paste  of  57  Gm.  prepared 
chalk  with  water  in  a  mortar,  add  to  it  the  extinguished  mercury  and  triturate  to  a 
uniform  mixture.  Dry  this  between  layers  of  bibulous  paper  and  then  in  a  dish 
until  it  weighs  100  Gm.  Then  powder  it;  bottle  and  keep  away  from  the  light.  For 
details  see  U.S.  P. 

Summarized  Description, 

light  gray  rather  damp  powder,  free  from  grit,  slightly  sweet  taste.  For  details 
see  U.S.P.,  p.  221. 

For  tests  for  iderUity,  for  impurities  (mercurous  and  mercuric  oxides)  and  for  assay 
see  U.S.P.,  p.  221  and  also  Part  V  of  this  book. 

Remarks. — Mercury  with  chalk  is  a  finely  divided  form  of  mercury, 
containing  from  37  to  39  per  cent,  of  metal  extinguished  by  clarified 
honey,  moist  chalk  being  then  added.  Like  all  mercurial  preparations 
made  of  the  free  metal,  the  extinguishing  is  the  most  tiresome,  and  in  this 
special  case  can  only  be  performed  satisfactorily  by  machinery.  In 
the  finished  product  the  mercury  globules  should  not  be  seen  with  a 
glass  magnifying  four  diameters.  By  bibulous  paper  the  pharmacopceia 
means  an  absorbent  like  filter-  or  blotting  paper. 

This  body  is  used  as  a  cholagogue. 

Dose. — 250  milligrammes   (4   grains). 

UNGUENTUM  HTDRARGTRI— Mercurial  Ointment 

Recipe, — See  p.  332. 

Outline  of  Assay. 

Melt  10  grammes  of  the  ointment  and  extract  with  several  portions  of  warm 
purified  petroleum  benzin,  until  all  of  the  fat  is  dissolved.  Warm  the  residual 
mercury  with  diluted  hydrochloric  acid  and  stir  until  the  mercury  collects  in  a 
globule.  Then  warm  the  mercury  with  a  little  distilled  water,  dry  it  on  bibulous 
paper  and  weigh.    It  should  weigh  from  4.9  to  5.1  Gm. 

Ointment  of  mercury  contains  60  per  cent,  of  mercury,  extinguished 
with  oleate  of  mercury  and  mixed  with  prepared  suet  and  benzoinated 
lard.  (See  p.  332.)  It  is  used  rather  extensively  in  skin  troubles,  and 
also  for  destroying  body  vermin.  For  this  latter  purpose  it  is  usually 
dispensed  in  diluted  form. 

UNGUENTUM  HYDRARGYRI DILUTUM.— Blue  Ointment 

This  is  not  the  33  per  cent,  ointment  directed  in  the  last  pharmaco- 
poeia but  contains  only  30  per  cent,  of  mercury.  (See  p.  333.)  It  is 
made  by  blending  the  50  per  cent,  ointment  with  petrolatum. 
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In  the  pharmacopoeia  of  1890  the  50  per  cent,  ointment  was  the  only- 
one  official,  and  its  official  synonym  was  blue  ointment.  Most  phar- 
macists dispensed  over  the  counter  in  answer  to  calls  for  "blue  oint- 
ment" the  33  per  cent,  article,  and  under  the  pure  food  laws  of  the 
several  States  such  substitution  of  a  weaker  product  for  the  official  was 
a  misdemeanor. 

While  the  50  per  cent,  ointment  is  the  one  to  use  for  obtaining  the 
effect  of  mercury  by  inunction,  the  30  per  cent,  is  much  safer  to  use  for 
body  vermin;  hence  the  weaker  form  was  introduced  into  the  eighth 
edition  of  the  pharmacopoeia  under  the  name,  blue  ointment. 

Emplastrum  Hjrdrargyri  (U.S.P.  VIII),  or  meicurial  plaster,  contained  30  per  cent, 
of  "mercury  extinguished  with  oleate  of  mercury,  'and  then  diluted  with  lead  piaster. 

Emplastrum  Ammoniad  cum  Hydrargyri  (U.S.P.  1890). — Plaster  of  ammoniac 
and  mercury^  which  was  formerly  official,  contains  18  per  cent,  of  mercury,  and  is 
made  b^  exi^mguishing  the  metal  with  oleate  of  mercury,  and  combining  same  with 
an  acetic  acid  extract  of  ammoniac  and  lead  plaster. 

SALTS  OF  MERCURY 

It  will  be  recalled,  in  considering  iron  salts,  the  various  ferrous 
compounds  were  first  discussed,  and  these  followed  by  the  ferric  com- 
pounds. In  the  case  of  the  mercury  compounds,  however,  we  can  obtain 
a  better  view  of  the  subject  by  comparing  the  two  classes  of  salts,  the 
"ous^'  and  the  "ic"  together;  hence  the  two  chlorides  will  be  studied 
together,  then  the  two  iodides,  and  so  on. 

HYDRARGYRUM    AMMONIATUM— Ammoniated    Mercury 

(Hydrarg.  Ammon. — White  Precipitate) 

It  contains  mercurammonium  chloride  [HgNHjCl  =  252.09]  corresponding  to 
not  less  than  78  per  cent,  nor  more  than  80  per  cent,  of  Hg.  Preserve  it  in  well-closed 
containers,  protected  from  light. 

Summarized  Description, 

White,  pulverulent  pieces  or  white,  amorphous  powder ;  earthy,  then  stjrptic,  metal- 
lic taste;  insoluble  in  water  or  alcohol;  decomposed  by  prolonged  washing  with  water, 
changing  to  a  yellow  basic  salt;  soluble  in  warm  hjj^drochloric,  nitric  or  acetic  acid  and 
in  ammonium  carbonate  solution;  soluble  in  solution  of  sodium  thiosulphate  with  de- 
composition; heated  below  redness,  dissociates;  at  red  heat,  sublimes.  For  details 
see  U.S.P.,  p.  220. 

For  tests  fctr  identity,  for  impurities  (carbonate,  mercurous  salts)  and  for  assay 
see  U.S.P.,  p.  220  and  also  Part  V  of  this  book. 

Remarks, — This  compound,  commonly  called  white  precipitate^  is 
made  by  the  precipitation  of  the  solution  of  mercuric  chloride  with 
ammonia  water,  the  equation  being  as  follows: 

HgCls     +     2NH4OH     =     NHaHgCl     +     2H,0     +     NH4CI. 

Ammoniated  mercury  is  an  interesting  illustration  of  how  a  com- 
plex formula  can  be  altered.  If  we  add  hydrochloric  acid  (HCl)  to 
ammonia  water  (NH4OH),  we  get  ammonium  chloride  (Formula  A), 
as  already  explained  on  p.  449. 

If,  however,  it  is  mercuric  chloride  (HgCU)  that  is  added  to  ammonia 
water  instead  of  hydrochloric  acid,  we  get  ammoniated  mercury,  NH2- 
HgCl,  in  which  two  of  the  hydrogen  atoms  of  the  ammonium  chloride 
are  replaced  by  one  atom  of  mercury,  with  the  valence  11,  as  shown  in 
Fornmla  B. 


\ 
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Formula  A  Fobmvu/l  B 

Nil,      m 

Great  care  must  be  taken  in  the  manufacture  strictly  to  follow  the 
pharmacopoeial  recipe.  Several  combinations  of  mercuric  chloride  with 
ammonia  are  known,  and  if  the  proportions  of  bichloride  and  anunonia 
water  vary,  some  of  these  other  than  HgNHjCl  may  be  formed.  Again, 
if  the  diluted  ammonia  water  is  pouml  into  the  bichloride  solution 
instead  of  the  pharmacopoeial  direction  of  the  reverse  procedure,  we 
obtain  a  double  salt,  NHsHgClHgCU.  Even  use  of  exactly  the  pharma- 
copoeial amount  of  wash  liquid  is  imperative,  as  a  large  excess  of  water  will 
convert  the  precipitate  to  the  yellow  NHi(HgO)HgCl. 

White  precipitate,  when  treated  with  alcoholic  solution  of  io£ne, 
produces  an  explosion  due  to  liberation  of  ammonia  and  nitrogen: 

9NH JlgQ    H-    61,     -     SNH^a    +    3Hga,     +     2NH,     +     2N,     +     6HgI„ 

Ammoniated  mercury  is  never  used  internally,  being  always  applied 
in  the  form  of  an  ointment.  Such  an  ointment,  containing  10  per  cent, 
of  ammoniated  mercury,  rubbed  up  with  50  Gm.  melted  white  petrola- 
tum and  40  Gm.  hydrous  wool-fat,  is  ofiGicial  under  the  name  of  unguenium 
hydrargyri  ammoniati,     (See  p.  333.) 

Sal  Alembrothf  Hff(NH4)sCl42HsO,  a  crystalline,  water-soluble  salt,  made  by 
dissolving  mercunc  chloride  and  ammonium  chloride  in  boiling  water,  was  formerly 
used  in  medicine. 


Two  chlorides  of  mercury  are  recognized  by  the  pharmacopoeia — 
the  mercuric  chloride,  HgCls,  and  the  mercuraus  ddcride,  HgCl. 

HYDRARGYRI  CHLORIDXTM  CGRROSIYUM— Corrosive  Mercuric 

Chloride 

(Hydrarg.  Chlor.  Corr. — Bichloride  of  Mercury — Corrosive  Sublimate — 

Mercuric  Chloride — ^Perchloride  of  Mercury) 


It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not 
less  than  99.5  per  cent,  of  HgClt  (271.52).     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Heavy,  colorless,  rhombic  crystals,  or  crystalline  masses,  or  white  powder:  charac- 
teristic metallic  taste:  soluble  in  about  13  pasts  of  water  in  about  3  parts  of  alcohol, 
in  about  16  parts  of  glycerin  and  about  15.7  parts  of  ether;  fuses  at  265^0.  and  sub- 
limes at  about  SOO"".    For  details  see  U.S.P.  p.  214. 

For  teete  for  idenUiy.  for  impurities  (insoluble  matter)  and  for  assay  see  U.S.  P., 
p.  214  and  also  Part  V  of  this  book. 

This  is  the  violent  poison  called  corrosive  syblimaie,  and  is  made  by 
heating  a  mixture  of  mercuric  sulphate  and  sodium  chloride  in  a  retort. 
As  a  result,  the  mercuric  chloride  forms  and  sublimes,  condensing  in 
masses,  while  the  sodium  sulphate  remains  in  the  retort,  as  is  shown  in 
the  following  equation: 

HgS04     +     2NaCl     «     HgCl,     +     NaiSO*. 

It  can  also  be  made  by  mixing  100  parts  of  mercuric  sulphate,  40  parts  of  sodium 
chloride  and  20  parts  of  5  per  cent,  hydrochloric  acid,  and  after  triturating  to  a  miM;ma 
and  letting  stand  for  twenty-four  hours,  extracting  the  mercuric  chloride  with  bouing 
95  per  cent,  alcohol. 
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Mercuric  chloride,  or  bichlaride  of  mercury,  as  it  is  frequently  called, 
occurs  in  the  form  of  colorless,  rhombic  crystals  or  in  crystalline  masses. 
It  is  used  internally  as  an  alternative,  and  is  frequently  administered 
in  combination  with  potassium  iodide,  when  mercuric  iodide  results. 

Merciuric  chloride  is  one  of  the  most  valuable  antiseptics.  If  it  is 
applied  to  the  skin  in  concentrated  form,  it  is  escharotic  and  caustic, 
and  for  this  reason  great  care  should  be  taken  in  the  use  of  the  alcohoUc 
solution  for  local  application. 

Bichloride  of  mercury  is  a  virulent  corrosive  poison,  producing  an  acute  type 
of  nephritis.  ^  Antidotes  are  therefore  usually  of  service  only  when  administered  shortly 
after  the  poison  has  been  swallowed.  The  standard  antidote  is  albuminous  matter 
(white  of  egg  or  milk)  forming  the  comparatively  inert  insoluble  albuminate  of  mercury 
which  is  removed  from  the  stomach  by  use  of  an  emetic.  Latelv  sodium  phosphite 
and  also  potassium  iodide  plus  a  non-toxic  alkaloid  Qike  quinine)  have  been  suggested 
as  constitutional  antidotes. 

So  widespread  has  been  mischief  produced  by  careless  use  of  '^ bichloride  tablets'' 
that  the  new  pharmacopceia  provides  poison  tablets  of  corrosive  mercuric  chloride 
(see  page  318)  of  distinctive  shape  and  color. 

Dose, — ^3  milligrammes  {}4o  gram). 

HYDRARGYRI  CHLORmUM  MITE— MUd  Mercurous 

Chloride 

(Hydiarg.  Chlon  Mit. — Mercurous  Chloride — Calomel — ^Protochloride  of 

Mercury — Subchloride  of  Mercury) 

It  contains,  when  dried  to  constant  weisht  in  a  desiccator  over  sulphuric  acid,  not 
less  than  99.6  per  cent,  of  HgCl  (236.06).  Preserve  it  in  well-closed  containers, 
protected  from  light. 

Summarized  Description. 

White,  unpalpable  powder;  vellow-white  on  trituration  under  pressure;  insoluble 
in  water,  alcohol,  ether  and  cold,  diluted  acids;  on  strong  heat,  volatilizes  without 
fusion.     For  details  see  U.S.P.,  p.  215. 

For  tests  for  idenHiy,  for  impurities  (mercuric  chloride,  ammoniated  mercury)  and 
for  assay  see  U.S. P.,  p.  215  and  also  Part  V  of  this  book. 

Remarks. — Two  origins  of  the  synonym  calomel  have  been  sug- 
gested. Both  agree  that  the  word  is  derived  from  the  Greek  word  kaloSy 
meaning  good,  and  melaSy  meaning  black.  Some  explain  these  words 
(black,  good)  by  saying  that  it  means  that  calomel  was  good  for  black 
bile,  while  others  claim  that  it  is  because  of  the  fact  that  calomel  blackens 
when  treated  with  ammonia. 

As  explained  on  p.  550,  some  chemists  claim  that  calomel  has  the 
formula  HgCl,  while  others  think  it  is  Hg2Cl2. 

Calomel  is  made  by  a  process  similar  to  the  manufacture  of  corro- 
sive sublimate — i.e.,  the  mercuric  sulphate  is  prepared  by  treatment  of 
mercury  with  sulphuric  acid,  and  to  the  mass  sodium  chloride  is  added, 
but  before  subliming  there  is  also  added  an  amount  of  mercury  equal  to 
the  quantity  originally  used  to  make  the  mercuric  sulphate.  The 
mixture  is  then  sublimed,  as  in  the  case  of  corrosive  sublimate,  for,  be 
it  remembered,  calomel  is  sublimable,  even  as  is  the  so-called  "sublimate" 
(HgCla).    The  equation  of  manufacture  is  as  follows: 

HgS04     +     Hg     +     2NaCl     =     2HgCl     +     NatSO*. 

The  two  chlorides,  calomel  and  corrosive  sublimate,  afford  a  vivid 
picture  of  the  possible  immense  alteration  in  therapeutic  or  physical 
condition  that  a  slight  chemical  difference  may  produce. 
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Between  the  insoluble,  comparatively  harmless  calomel,  and  the 
soluble  and  virulent  poison,  corrosive  sublimate,  the  only  chemical 
difference  is  that  the  former  contains  more  mercury  than  does  the  latter. 
The  quantity  of  mercury  in  each  is  best  shown  by  the  following  estima- 
tion of  percentage  composition  of  the  two  salts: 

CoRRosivB  Sublimate  Calomel 

Hg  =  1  X  200  -  200  Hg,  «  2  X  200  =  400 

CI,  =  2  X  35.5  =71  CI ,  =  2  X  35.5  =    71 

Molecular  weight,  HgCU,  271  Molecular  weight,  HgtCls,  471 

From  this  it  will  be  seen  that  while  corrosive  sublimate  is  ^^^^71, 
or  73.4  per  cent.,  mercury,  calomel  contains  '^^^ii,  or  84.9  per  cent., 
mercury. 

Since  calomel  and  corrosive  sublimate  are  both  subUmable  and  are 
prepared  by  similar  processes,  there  is  always  a  possibiUty  of  the  calo- 
mel containing  traces  of  corrosive  sublimate,  and  for  this  reason  the 
pharmacopceisJ  test  should  be  applied  to  all  samples  of  calomel.  This 
test  consists  in  shaking  the  sample  of  calomel  with  ether  (in  which  it  is 
insoluble,  but  which  will  dissolve  the  bichloride),  evaporation  of  the 
ethereal  solution,  taking  up  residue  with  water,  and  testing  water  solution 
for  bichloride  either  with  silver  nitrate  or  ammonium  sulphide. 

A  simpler,  though  not  exact,  test  was  provided  in  U.S.P.  1890, 
namely,  that  calomel  is  totally  insoluble  in  water,  whereas,  if  there  is 
any  bichloride  present,  it  will  readily  dissolve  in  water.  Therefore  on 
mixing  calomel  with  water,  the  water,  on  being  filtered,  will  contain 
bichloride,  if  any  be  present  in  the  calomel,  and  can  be  detected  by 
treating  with  ammonia  and  hydrogen  sulphide. 

Mild  mercurous  chloride  is  a  valuable  hepatic  stimulant  and  altera- 
tive. In  former  days  very  large  doses  of  calomel  were  given,  ten  grains 
being  considered  an  average  dose.  It  has  been  discovered,  however, 
that  small  doses  frequently  repeated  act  far  better  than  single  large  doses. 
For  this  reason  at  present  this  chemical  is  usually  administered  in  3^- 
to  3^-grain  doses  every  two  hours.  It  must  be  remembered  that  if  a 
patient  who  has  taken  calomel  is  permitted  to  consume  food  containing 
free  acids,  such  as  lemonade,  etc.,  that  form  of  mercurial  poisoning 
called  salivation  ensues.  Hence  when  calomel  is  administered,  the 
patient  should  always  be  warned  to  avoid  the  use  of  such  acids  until 
the  chemical  has  completely  acted. 

A  favorite  method  of  administration  of  calomel  is  in  combination 
with  an  alkali,  preferably  sodium  bicarbonate.  Large  quantities  of 
this  combination  are  consumed  in  the  southern  States,  and  it  might  be 
stated  that  pills  containing  23^  grains  each  of  calomel  and  sodium  bi- 
carbonate have  enjoyed  considerable  vogue  under  the  name  of  Dr.  Stone's 
Little  Giant  Pills.    Two  of  these  were  considered  a  dose. 

For  many  years,  it  was  supposed  that  when  calomel  was  triturated  with 
sugar  or  with  alkaline  chlorides,  corrosive  sublimate  was  produced.  The 
investigations  of  Schaefer  (1910)  indicateiS,  however,  that  this  is  not  so. 

Dose. — ^Laxative,  150  milligrammes  (2  \^  grains).  Alterative,  15 
milligrammes  (K  grain). 

Hydrargyri  Cyanidum  (U.S.P.  1890).— Mercuric  cvanide,  Hg(CN)  j.  This  chemical 
is  made  by  passing  hydrocyanic  acid  ^as  into  a  liquid  in  which  finely  divided  mercuric 
oxide  is  suspended,  llie  hydrocyamc  acid  used  is  generally  produced  by  treatment 
of  potassium  ferrocyanide  with  sulphuric  acid. 

Mercuric  cyanide  occurs  in  colorless  prismatic  crystals,  turning  dark  on  exposure 
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to  air,  and  is  used  as  an  alterative  in  syphilis,  administered  in  doses  of  from  4  to  8 
milligrammes. 

Two  iodides  of  mercury  are  recognized  by  the  pharmacopoeia — 
mercuric  iodidey  Hgl27  and  mercuraus  iodide,  Hgl. 

HTDRARGYRI  lODIDUM  RUBRUM— Red  Mercuric  Iodide 

(Hydrarg.  lod.   Rub. — Biniodide  of  Mercury — Mercuric   Iodide — Red 

Iodide  of  Mercury) 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid, 
not  less  than  99  per  cent,  of  Hgia  (454.44).  Preserve  it  in  well-closed  containers, 
protected  from  light. 

Summarized  Description, 

Scarlet-red  amorphous  powder;  almost  insoluble  in  water;  soluble  in  about  93 
parts  of  alcohol,  in  about  86  parts  of  ether,  in  aqueous  solutions  of  iodides,  of  mercuric 
chloride  and  of  sodium  thiosulphate.  On  heating^  it  becomes  yellow,  then  fuses,  and 
then  sublimes;  reduced  on  heating  with  potassium  hydroxide  and  sugar  of  milk 
solution.     For  details  see  U.S.P.,  p.  216. 

For  tests  for  ideniityy  for  imvurUies  (soluble  mercury  salts)  and  for  assay  see 
U.S.?.,  p.  217  and  also  Part  V  of  this  book. 

Remarks. — This  substance  is  made  by  the  double  decomposition 
of  mercuric  chloride  and  potassium  iodide,  avoiding  excess  of  either 
reagent,  as  mercuric  iodide  is  soluble  in  solutions  of  either  chemical. 
This  reaction  takes  place  in  many  prescriptions,  as  the  combination 
is  a  favorite  one  in  syphilis,  and,  as  in  all  such  prescriptions,  the  iodide 
is  largely  in  excess,  the  precipitate  formed  invariably  redissolves.  A 
redissolved  solution  of  the  red  iodide  in  potassium  iodide  is  called  **  May- 
er ^8  reagent,^^  the  proportions  being  13.55  Gm.  mercuric  chloride,  49.8 
Gm.  potassium  iodide,  and  water  to  make  1000  mils.  As  cited  on  p.  797, 
this  is  an  alkaloidal  precipitant,  so  look  out  for  prescriptions  calling  for 
corrosive  subUmate,  potassium  iodide,  and  some  tincture,  or  ether 
preparation  containing  alkaloids,  as  the  Mayer's  reagent  formed  will 
surely  precipitate  the  alkaloid. 

A  similar  preparation  is  Channing's  aoliUian,  a  recipe  for  which  is 
given  in  the  National  Formulary.     (See  p.  190.) 

The  red  mercuric  iodide  is  used  as  an  alterative  in  the  case  of  syphilis. 

It  is  now  frequently  administered  by  intravenous  injection  in  an 
oleaginous  base.  Thus  the  French  Codex  prescribes  a  red  iodide  oil 
made  from  0.2  gramme  of  red  mercuric  iodide  in  46  grammes  of  steriUzed 
olive  oil. 

As  mentioned  above,  the  physiologic  effects  of  red  mercuric  iodide 
are  obtained  by  prescribing  a  combination  of  potassium  iodide  with 
bichloride  of  mercury.  Red  mercuric  iodide  is  a  constituent  of  Donovan's 
solution.     (See  p.  186.) 

Dose, — 3  miUigrammes  (}4o  grain). 

HYDRARGYRI    lODmUM    FLAVUM— Yellow    Mercurous    Iodide 

(Hydrarg.  lod.  Flav. — Mercurous  Iodide — Protoiodide  of    Mercury — 

Yellow  Iodide  of  Mercury 

It  contains,  when  dried  to  constant  weight  in  a  desiccator  oyer  sulphuric  acid,  not 
less  than  99  per  cent,  of  Hgl  (327.52).  Preserve  it  in  well-closed  containers,  protected 
from  light. 
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Summarued  Deaeriptum, 

Bri^t  yellow,  amorphous  powder;  exposed  to  lig^t,  dissociates  into  mercury  and 
mercunc  iodide  and  turns  greeaiish;  almost  insoluble  in  water;  insoluble  in  alcohol  and 
ether;  on  heating,  it  turns  orange  then  red  and  finally  volatilises;  quick  heat  causes 
partial  dissociation  into  mercury  and  mercuric  iodide.  For  details  see  U.S.?., 
p.  216. 

For  tests  for  identity,  for  impuriiies  (mercuric  iodide)  and  for  cusay  see  U.S.?., 
p.  216  and  aiso  Part  V  of  this  book. 

Remarks. — This  chemical  was  called  the  green  iodide  of  mercury  in 
the  pharmacopoeia  of  1880.  It  is  made  by  dissolving  mercury  in  a  suffi- 
cient quantity  of  nitric  acid  to  form  a  solution  of  mercurous  nitrate, 
the  equation  being  as  follows: 

6Hg     +    8HNO1     -     6HgN0,     +     4H,0     +     N,0,. 

The  resulting  solution  of  mercurous  nitrate  is  then  treated  with  a 
molecular  quantity  of  potassium  iodide,,  when  potassium  nitrate  and 
mercurous  iodide  result,  the  latter  being  precipitated  in  the  form  of 
yellow,  crystalline  powder,  the  equation  being  as  follows: 

HgNO,     +     KI     -     Hgl     +     KNO,. 

The  product  thus  made  is  not  the  same  as  the  green  iodide  of  the  phar- 
macopoeia of  1880,  which  was  made  by  the  direct  union  of  mercury  with 
iodine,  triturating  the  two  in  the  presence  of  alcohol.  The  equation 
of  this  reaction  was  supposed  to  be  as  follows: 

Hg     4-     I     «     Hgl, 

but,  as  a  matter  of  fact,  it  partly  runs  as  follows: 

Hg    +    I,    «     Hgl„ 

with  the  formation  of  mercuric  iodide.  This  mercuric  iodide  was  re- 
moved by  the  process  of  the  pharmacopoeia  of  1880  by  washing  the  mix- 
ture with  alcohol. 

Mercurous  iodide,  hke  mercuric  iodide,  is  used  as  an  alterative, 
but  is  a  much  milder  preparation,  as  is  shown  by  the  doses. 

Dose. — 10  milligranmies  (}^  grain). 

While  the  two  iodides  are  mercurous  and  mercuric  respectively, 
both  oxides  of  mercury  are  "ic"  salts,  having  the  formula  HgO,  and 
giving  an  interesting  example  of  physical  difference  of  two  bo(£es  that 
are  chemically  identical.  Their  mutual  identity  is  proved  by  the  fact 
that  red  oxide,  when  finely  triturated,  turns  yellow,  while  the  yellow, 
on  heating,  is  converted  into  the  red. 

HTDRARGYRI  OXTOUM  FLAVUM— Yellow  Mercuric  Oxide 

(Hydrarg.  Oxid.  Elav.) 

It  contains,  when  dried  to  constant  weight  at  150°C.,  not  less  than  d9.5  per  cent, 
of  HgO  (216.60).     Preserve  it  in  well-dosed  containers,  protected  from  light. 

Summarized  Description. 

Light  orange-yellow  amorphous,  heavy,  impalpable  powder;  somewhat  metallic 
taste;  turns  somewhat  dark  on  exi)08ure  to  light *^  atmoBt  msoluble  in  water;  insoluble 
in  alcohol;  soluble  in  diluted  hydrochloric  or  nitnc  acids;  on  heating,  it  first  turns  red 
and  then  dissociates  into  oxygen  and  metallic  mercury.  For  details  see  U.S. P., 
p.  217. 

For  tests  for  identity,  for  impurities  (red  mercuric  oxide)  and  for  assay  see  U.S.P., 
p.  217  and  also  Part  V  of  this  book. 
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Remarks— Yellow  mercuric  oxide  is  made  by  treating  bichloride 
of  mercury  with  the  requisite  amount  of  sodium  hydroxide  as  shown  in 
the  following  equation: 

Hga,     +    2NaOH     -     HgO     +     HjO     +     2NaCl. 

As  a  result,  mercuric  oxide  is  precipitated,  leaving  in  solution  sodium 
chloride,  the  last  traces  of  which  are  removed  from  the  mercuric  oxide 
by  washing  with  water. 

Yellow  mercuric  oxide  is  used  chiefly  externally,  and  that  in  the 
form  of  a  10  per  cent,  ointment  (see  p.  333),  or  of  a  25  per  cent,  solution 
in  oleic  aicd.     (See  Oleate  of  Mercury  on  p.  214.) 

HTDRARGTRI  OXIDUM  RUBRUM— Red  Mercuric  Oxide 
(Hydrarg.  Oxid.  Rub. — Red  Precipitate) 

It  contains,  when  dried  to  constant  weieht  at  150^0.,  not  less  than  99.5  per  cent, 
of  HgO  (216.60).     Preserve  it  m  well-closea  containers,  protected  from  light 

Summarized  Dewription. 

Heavy,  orange-red,  crystalline  scales  or  crystalline  powder^  turning  yellow  on 
trituration;  somewhat  metallic  taste;  almost  insoluble  in  water;  msoluble  in  alcohol; 
soluble  in  diluted  nitric  acid:  makes  opalescent  solution  with  a  diluted  nitric  acid: 
on  heating  becomes  dark  violet,  then  black;  at  red  heat  dissociates  into  oxygen  and 
mercury.     For  details  see  U.S.P.,  p.  218. 

For  teats  for  identity,  for  impurities  (yellow  oxide  of  mercury,  nitrate)  and  for  assay 
see  U.S. P.,  p.  218  and  also  Part  V  of  this  book. 

Remarks. — Red  mercuric  oxide  is  called  "red  precipitate,'^  but  is  no 
longer  prepared  by  precipitation,  the  name  being  a  souvenir  of  alchem- 
istic  days,  when  it  was  made  by  "upward  precipitation,"  being  formed  in 
mercury  kept  near  its  boiUng*point  for  weeks  at  a  time. 

It  is  now  made  by  treating  mercury  with  nitric  acid  (equation  a) 
and  heating  the  resulting  mercuric  nitrate  to  redness  (equation  b) : 

(a)  3Hg  +    8HN0,     -    3Hg(N0,),    +    4H,0    -h  N,0,. 

(6)2Hg(NO,),   +    heat  -    2HgO  +    2N,04   +0,. 

It  will  be  seen  from  the  above  equations  that  the  nitrate  is  dis- 
sociated into  mercuric  oxide,  N3O49  and  oxygen,  and  experience  has 
shown  that  the  two  gases  are  capable  of  converting  into  mercuric  oxide 
an  amount  of  mercury  equal  to  the  amount  of  the  nitrate  used  originally. 
It  will  be  noted  that  the  pharmacopoeia  gives  no  directions  for  the  manu- 
factiu'e  of  this  compoimd  by  the  pharmacist,  although  it  does  direct  the 
preparation  of  the  yellow  mercuric  oxide.  The  reason  for  the  omission 
of  the  recipe  for  the  red  mercuric  oxide  is  because  its  manufacture  is 
scarcely  practical  on  a  small  scale,  it  being  foimd  that  at  the  heat  neces- 
sary to  convert  the  nitrate  into  the  oxide  a  very  large  amount  of  mercury 
is  lost  by  volatilization. 

Red  mercuric  oxide  is  used  almost  entirely  externally,  and  that  chiefly 
in  the  form  of  an  ointment  for  granulated  eyeUds. 

The  National  Formulary  recognizes  a  10  per  cent,  ointment  in  which 
the  red  oxide  has  been  carefully  levigated  with  water,  and  then  rubbed 
with  hydrous  wool-fat  and  petrolatum.     (See  p.  337.) 

Hydrargyri  Subsulphas  Flavus  (U.S.?.  1890.)— The  formerly  official  yellow 
mercuric  subsulphate  is  a  basic  salt.  As  already  explained  on  p.  513,  ''sub''  salt  is  a 
combination  of  a  metallic  salt  with  its  oxide,  and  in  the  case  under  consideration  we 
find  the  relationship  clearly  shown  in  the  symbolic  formula,  HgS04(HgO)t.  It  is 
called  Turpeth  mineral,  on  account  of  its  resemblance  to  the  powdered  turpeth  root, 
the  root  of  Ipomcsa  turpethum,  which  was  formerly  used  in  medicine. 
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Turpeth  mineral  is  made  by  treating  mercury  with  a  mixture  of  sulphuric  acid 
and  nitric  acids,  whereby  mercuric  sulphate  is  formed,  as  shown  in  the  following 
equation: 

3Hg     +     3H,S04     +     2HN0,     =     3HgS04     +     4H,0     +     NiOj. 

The  white  mercuric  sulphate  is  then  heated  with  a  large  quantity  of  water,  whereby 
it  is  converted  into  the  yellow  mercuric  subsulphate,  as  shown  in  the  following 
equation : 

3HgS04     +     2H,0     =     HgS042HgO     +     2H,S04. 

Turpeth  mineral  is  an  alterative,  possessing^  however,  such  irritating  qualities 
as  to  render  its  general  use  unsafe.  It  is  admmistered  in  doses  of  from  16  to  30 
milligrammes. 

Mercuric  nitrate,  Hg(N08)2,  is  not  recognized  by  the  pharmacopoeia 
as  a  chemical  itself,  but  two  preparations  containing  this  body  have 
extended  use. 

Liauor  H7drarfi;yri  Nitratis  (U.S.P.  VIII;  N.F.  IV)  or  soltUion  of  mercuric  nilraU 
is  made  by  dissolvmg  40  grammes  of  mercuric  oxide  in  a  mixture  of  45  grammes  of 
nitric  acid  and  15  grammes  of  distilled  water.  It  is  a  very  heavy  fluid,  weighing  more 
than  twice  as  mucn  as  water  (sp.  gr.  2.086). 

Solution  of  mercuric  nitrate  is  used  entirely  locally  as  a  corrosive  in  syphilitic 
sores. 

UNGUENTUM  HYDRARGYRI  NITRATIS— Mercuric  Nitrate 

Ointment 

Recipe  and  details  of  manufacture  in  Part  VII. 

The  ointment  of  mercuric  nitrate  (called  citrine  ointment)  is  made 
by  dissolving  mercury  in  nitric  acid,  and,  at  the  same  time,  heating 
lard  to  45®C.,  adding  thereto  a  portion  of  the  nitric  acid.  When  the 
nitric  acid  is  added  to  the  heated  lard,  a  rather  violent  chemical  action 
takes  place,  with  the  conversion  of  the  oleate  of  glyceryl,  which  is  the 
chief  constituent  of  the  lard,  into  elaidin.     (See  p.  652.) 

Mercury  is  dissolved  in  the  rest  of  the  nitric  acid,  forming  mercuric 
nitrate,  and  it  might  be  said  in  passing  that  when  mercury  is  dissolved 
in  nitric  acid  we  get  mercurous  or  mercuric  nitrate,  according  to  the 
relative  proportions  of  mercury  and  nitric  acid  employed: 

3Hg     +     8HN0,     =     4H2O     +     NjO,     +     3Hg(N0,),  (Mercuric  nitrate). 
6Hg     +     8HN0,     =     4H2O     +     N,0,     +     6HgN0,  (Mercurotw  nitrate). 

That  the  proportions  of  mercury  and  nitric  acid  used  in  the  official 
recipe  yield  mercuric  nitrate  is  shown  by  the  molecular  weight  calcula- 
tions relating  to  citrine  ointment  found  in  Practical  Work  (p.  1008). 

It  may  be  well  to  sum  up  here  the  effect  of  various  acids  on  metals. 
Hydrochloric  and  other  haloid  adds  and  dilvied  sulphuric  add  give,  with  metals 
the  appropriate  salt,  with  the  evolution  of  hydrogen.     Example : 

Zn     +     H2SO4     =     ZnS04     +     H,. 

Nitric  addj  either  concentrated  or  diluted,  and  conceniraied  evlvhuric  acid,  give 
with  metals  the  appropriate  salt,  with  the  evolution  of  N2O2  or  NtO^,  in  the  case  of 
nitric  acid,  and  01  SOs  in  the  case  of  sulphuric  acid.  Examples  of  nitric  acid  are 
given  just  above.     Of  concentrated  sulphuric  acid,  see  Copper  sulphate  (p.  537). 

Citrine  ointment  (from  citrus,  the  lemon)  has,  as  the  name  suggests, 
a  bright  yellow  color  when  freshly  prepared;  on  standing,  however,  it 
assumes  a  brown  tint.  The  manufacture  of  this  compound  is  one  calling 
for  considerable  skill  in  order  to  obtain  a  product  of  exactly  the  right  color 
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and  consistence  and  of  the  same  quality.  The  quality  of  lard  oil  found 
in  the  market  was  so  variable  that,  in  the  eighth  revision  of  the  phannaco- 
poeia,  the  lard  oil  of  U.S.P.  1890  was  replaced  by  the  more  reliable  lard. 

Citrine  ointment  is  a  valuable  remedy  for  certain  forms  of  skin 
trouble,  such  as  tetter  and  ring-worm. 

HTDRARGTRI  SALICYLAS— Mercuric  SaUcylate 
(Hydrarg.  Salicyl. — Mercuric  Subsalicylate) 

A  compound  of  mercury  and  salicylic  acid  containing  not  less  than  54  per  cent, 
nor  more  than  59.5  per  cent,  of  Hg.  Preserve  it  in  well-closed  containers  protected 
from  light. 

Summarized  Description. 

White,  slightly  yellowish  or  slightly  pinkish  powder;  nearly  insoluble  in  water  or 
alcohol;  soluble  in  warm  solutions  of  alkali  halides.     For  details  see  U.S.P.,  p.  219. 

For  teaU  far  identity,  for  impurities  (free  salicylic  acid,  foreign  mercury  compounds) 
and  for  assay  see  U.S.P.,  p.  219  and  also  Part  V  of  this  book. 

Remarks. — This  new  ofBcial  is  prepared  by  heating  a  freshly  precipi- 
tated yellow  mercuric  oxide  with  the  molecular  quantity  of  salicylic  acid 
and  with  a  little  water  until  a  perfectly  white  mixture  results.  It  is  a 
white  powder,  insoluble  in  water  and  is  used  as  an  antiseptic  and  anti- 
syphilitic.  For  the  latter  purpose  it  is  usually  injected  in  the  form  of  a 
suspension  in  oils. 

Dose, — 4  milUgrammes  (3^5  grain). 


Mercuric  Sulphide  (U.S.P.  1880)  is  the  artificial  cinnabar^  and  is  made  by  the  sub- 
limation of  the  black  sulphide.  The  latter,  formerly  called  mikiops  min^ral^  has  been 
mentioned  as  the  precipitate  formed  by  passing  hydrogen  sulphide  through  solutions 
of  mercuric  salts,  but  is  made  commercially  by  fusing  sulphur  with  mercury.  Both 
sulphides  have  the  formula  HgS,  the  only  difference  being  that  the  red  is  crystalline, 
while  the  black  is  amorphous.    Cinnabar  is  practically  never  used  internally. 

SILVER 

Symbol,  Ag.     Atomic  weight,  approximately  108 

Silver  occurs  occasionally  in  the  form  of  the  pure  metal,  but  its  most 
abundant  ores  are  silver  sidphide,  which  is  called  silver  glance,  and  the 
chloride,  or  horn  silver.  A  very  large  quantity  of  silver  is  obtained  from 
the  silver-bearing  galena.     (See  p.  544.) 

Silver  is  one  of  the  ancient  metals,  reference  to  it  being  found  in  the 
earliest  writings.  Silver  salts  were  also  known  to  the  ancient  Egyptians, 
since  some  mummy  clothes  are  marked  with  indeUble  (silver  nitrate)  ink. 
The  Latin  word  argentum  is  derived  from  the  Greek  for  silver,  argvroe, 
which  is  in  turn  derived  from  the  Greek  word  argos,  meaning  white. 
It  is  worth  the  matter  of  passing  interest  that  in  several  languages  the 
word  silver  is  similar  to  the  word  white,  and  we  know  that,  in  this 
country,  we  sometimes  speak  of  silver  as  the  white  metal,  in  contradis- 
tinction to  gold,  "the  yellow  metal." 

The  metallurgy  of  silver  is  interesting  and  important,  and  can  be 
roughly  divided  into  four  groups.  The  first  include  the  wet  extraction 
process.  In  one  of  these  the  sulphides  (galena  or  silver  glance)  is  roasted 
with  sodium  chloride,  thus  changing  the  silver  to  silver  chloride.  The 
roasted  mass  is  then  ground,  placed  in  appropriate  hoppers,  percolated 
with  an  aqueous  solution  of  sodium  thiosulphate,  in  which  the  chloride  is 
soluble;  calcium  sulphide  is  added  to  the  percolate,  causing  tiie  precipita- 
tion of  silver  sulphide. 

36 
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The  pure  silver  is  obtained  by  roasting  the  sulphide,  while  the  thio- 
sulphate  is  recovered  from  the  filtrate  and  used  again. 

Another  method  is  by  carefully  roasting  the  ores,  whereby  the  silver 
sulphide  contained  therein  is  converted  into  sulphate,  and  this  is  extracted 
by  percolation  of  the  roasted  mass  with  water.  Metallic  silver  is  sepa- 
rate from  the  percolate  by  use  of  metallic  copper. 

The  second  group  of  processes  are  those  where  amalgamation  is 
employed.  In  these  the  ore  is  roasted  with  salt,  changing  the  silver 
sulphide  found  therein  to  silver  chloride.  This  is  reduced  with  iron  or 
witn  copper  sulphate  to  metallic  silver,  which  forms  an  amalgam  with 
mercury.  This  amaJgam  is  separated  from  the  solid  matter  and  is  heated 
in  a  retort,  when  the  mercury  distils,  leaving  a  residue  of  metallic  silver. 

The  third  group  of  processes  are  those  where  cupellationis  employed, 
and  is  applied  to  ores  containing  lead  and  silver.  Such  ores  are  roasted 
in  furnaces  with  free  exposure  to  air,  the  result  being  the  liberation  of 
metallic  silver  and  the  conversion  of  lead  into  litharge,  which  is  skimmed 
ofiF.  Lastly,  electrolytic  separation  of  silver  from  copper-bearing  ores  is 
now  being  employed. 

Silver  is  a  brilliant  white  metal,  malleable,  ductile,  soluble  in  nitric 
acid,  and  but  sparingly  soluble  in  sulphuric  acid.  While  in  the  molten 
condition  it  has  a  great  affinity  for  oxygen,  absorbing  no  less  than  twenty- 
two  times  its  volume  of  that  gas.  On  cooling,  it  parts  with  all  its  oxygen, 
and  fre(^uently  with  explosive  violence.  This  property  makes  the  melt- 
ing of  sdver  a  process  requiring  considerable  care.  The  silver  used  in 
coins  consists  of  90  per  cent,  of  silver  and  10  per  cent,  of  copper,  it  being 
80  admixed  because  pure  silver  is  too  soft  to  be  used  alone. 

Silver  is  called  a  "noble  metal,''  partly  because  it  costs  more  than  the 
common  metals  already  considered,  and  chiefly  because  it  withstands 
the  oxidizing  action  of  the  atmosphere.  This  property  it  shares  with 
gold  and  platiniun  and  is  noted  in  a  lesser  degree  m  aluminum  and  nickel. 

The  tests  for  silver  are  as  follows: 

Hydrochloric  acid  produces  a  precipitate  of  white  silver  chloride, 
insoluble  in  nitric  acid,  but  soluble  in  anmionia  water.  Hydrogen  sul- 
phide or  ammonium  sulphide  produces  a  black  precipitate  of  silver  sul- 
phide, while  potassium  hydroxide  precipitates  silver  from  its  soluble  salts 
in  the  form  of  a  brown  silver  oxide. 

The  oxides  of  silver  which  are  known  are  AgsO,  Ag302,  and  AgiO. 
Of  these,  the  first  is  the  only  one  of  sufficient  importance  to  merit  more 
than  passing  notice.  It  is  recognized  by  the  pharmacopoeia,  and  in 
constitution  is  analogous  to  sodium  oxide,  Na20,  exhibiting  silver  with 
valence  i. 

The  official  salts  of  silver  are: 

Silver  nitrate.     At  least  99.8  per  cent,  absolute  AgNOi. 
Fused  silver  nitrate.     At  least  94.5  per  cent,  absolute  AgNOs. 
Silver  oxide.     At  least  99.6  per  cent,  absolute  AgtO. 

In  considering  these,  the  nitrate  will  be  the  first  tajcen  up,  since  from 
it  all  the  other  official  silver  compoimds  are  made. 

ARGENTI  NITRAS— SUver  Nitrate 

(Arg.  Nit) 

It  contains,  when  finely  powdered  and  dried  to  constant  weight  in  a  desiccator 
over  sulphuric  acid,  in  the  dark,  not  less  than  99.8  per  cent,  of  AgNOs  (169.89). 
Preserve  it  in  dark  amber-colored  vials,  protected  from  light. 
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Summarized  Description, 

Ck>lorles8,  tabular,  rhombic  crystals;  turns  gray  or  grayish  black  on  exposure  to 
light;  bitter,  metallic  taste;  very  caustic;  soluble  in  0.4  part  of  water  and  in  24  parts 
of  alcohol;  slightly  soluble  in  ether;  on  heating  to  200  it  melts;  at  higher  heat  it 
dissociates.     For  details  see  U.S.P.,  p.  61. 

For  testa  for  identityy  for  impurUies  (copper)  and  for  assay  see  U.S.P.,  p.  61  and 
also  Part  V  of  this  book. 

Remarks. — ^This  salt  is  made  by  dissolving  silver  coin  in  nitric  acid, 
evaporating  the  solution  to  dryness,  fusing,  adding  water  to  the  fused 
mass,  and  filtering  the  silver  nitrate  solution  from  the  copper  oxide 
residue. 

Silver  coin  is  far  more  accessible  than  pure  silver,  hence  is  employed 
in  making  the  nitrate.  But  in  this  process  not,  only  does  the  silver 
unite  with  the  acid  to  form  the  nitrate,  but,  likewise,  the  copper  forms 
copper  nitrate,  and,  of  course,  a  silver  nitrate  containing  copper  nitrate 
would  not  answer.  The  copper  is  removed  in  a  very  ingenious  way. 
Silver  nitrate  melts  imchanged  at  200°C.,  and  at  that  temperature 
copper  nitrate  is  decomposed  into  the  gaseous  oxides  of  nitrogen  and 
into  copper  oxide,  which  remains  behind,  an  insoluble  mass.  The 
fused  mass  is  treated  with  water,  in  which  the  silver  nitrate  dissolves, 
leaving  copper  oxide  behind. 

It  will  be  noted,  from  the  pharmacopoeial  description  given  above, 
the  solution  of  silver  nitrate  turns  black  on  exposure  to  Ught,  if  organic 
matter  is  present.  This  is  due  to  the  separation  of  metallic  silver,  under 
the  reducing  action  of  sunlight.  All  silver  salts  are  very  sensitive  to  the 
action  of  light;  most  of  all,  silver  bromide,  and  the  blackening  of  silver 
bromide  by  the  influence  of  light  constitutes  the  foundation  of  the  art  of 
photography. 

Stains  of  silver  nitrate  on  the  skin  can  be  removed  by  painting  with  tincture  of 
iodine  (thus  producing  silver  iodide)  and  then  removing  the  latter  stain  with  a  solution 
of  sodium  thiosulphate. 

Silver  nitrate  is  a  very  valuable  remedy,  used  both  externally  and 
internally.  It  is  used  internally  in  cases  of  gastritis  and  diarrhea  in 
small  doses,  while  large  quantities  act  as  a  caustic  and  escharotic.  If 
given  in  an  overdose,  the  antidote  is  sodium  chloride,  which  produces  a 
mild  and  comparatively  inert  silver  chloride.  Externally,  it  is  of  con- 
siderable value  as  a  caustic,  but  the  application  should  be  made  with 
great  care.  For  external  use  two  other  forms  of  silver  nitrate  are  emloyed, 
the  fused  and  the  diluted. 

Dose, — 10  milligrammes  (3^  grain). 

ARGENTI  NITRAS  FUSUS— Moulded  Silver  Nitrate 
(Arg.  Nit.  Fus. — Fused  Silver  Nitrate — ^Lunar  Caustic) 

It  contains  not  less  than  94.5  per  cent,  of  AgNOi  (169.89). 

Condensed  Recipe. 

Add  4  Gm.  h^yrdrochloric  acid  to  100  Gm.  silver  nitrate,  melt  in  a  porcelain  dish 
and  pour  into  suitable  molds. 

Summarized  Description. 

White,  hard  sohd,  usually  in  the  form  of  pencils  or  cones;  fibrous  fracture;  turns 
gray  or  grayish  black  on  exposure  to  light;  bitter,  strongly  metallic  taste;  very  caustic: 
soluble  (except  5  per  cent,  of  silver  chloride)  in  0.4  part  of  water  and  24  parts  of 
alcohol;  slightly  soluble  in  ether.    For  details  see  U.S.P.,  p.  62. 

For  teats  for  identity,  for  impurities  see  silver  nitrate. 

Remarks. — ^Fused  silver  nitrate  is  made  by  melting  silver  nitrate 
in  a  porcelain  capsule,  adding  thereto  4  per  cent,  of  hydrochloric  acid, 
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and  pouring  the  melted  mixture  into  suitable  molds.  The  hydrochloric 
acid  used  in  this  case  is  for  the  purpose  of  rendering  the  silver  nitrate 
tougher  and  less  brittle  by  the  formation  of  a'  small  quantity  of  silver 
chloride. 

The  melted  silver  nitrate  is  called  lunar  cavMic  (from  lunay  Liatin  for 
moon),  and  the  application  in  this  case  is  an  interesting  reUc  of  alchemis- 
tic  nomenclature.  The  alchemists,  the  forerunners  of  the  modem 
chemists,  assigned  to  the  commoner  metals  the  names  of  the  heavenly 
bodies  and  of  the  gods  of  Roman  mythology.  Thus,  gold  was  the  sim ; 
silver,  the  moon  (luna);  iron  was  Mars;  copper  was  Venus;  lead  was 
Saturn;  while  quicksilver  was,  as  it  is  now,  mercury.  In  old  names  that 
are  still  used — like  "boule  de  Mars"  (iron  and  potassium  tartrate), 
*^ dcetum  Saturni^^  (solution  of  lead  subacetate),  and  "lunar  caustic" — 
we  find  these  terms  still  existing. 

Molded  silver  nitrate  is  also  called  lapis  infemcdis  (jstone  of  HeU). 

Argent!  Nitras  Mitigatus  (U.S.P.  VIII),  or  mUigaled  cauftic^  is  made  by  melting 
together  30  parts  of  silver  nitrate  and  60  paits  of  potassium  nitrate.  As  silver  nitrate 
is  a  very  powerful  caustic,  it  is  sometimes  found  wise  to  apply  it  in  this  diluted  form. 

Argenti  Cyanidum  (U.S.P.  VIII),  or  silver  cyanide,  AgCN,  is  made  by  passing 
hydrocyanic  gas  through  a  solution  of  silver  nitrate.  It  can  also  be  made  by  treating 
potassium  cyanide  with  silver  nitrate. 

It  affords  a  simple  method  of  extemporaneous  preparation  of  diluted  hydrocyanic 
acid.  This  acid  is  quite  unstable,  and  should  be  fresh  when  dispensed.  This  rule  is 
easily  followed  if  the  acid  is  made  from  silver  cyanide  and  hydrochloric  acid,  the  hy- 
drocyanic acid  that  is  formed  remains  in  solution,  while  the  silver  chloride  separates 
out  and  can  be  filtered  off. 

Argenti  lodidum  (U.S.P.  1800),  or  aHoer  iodide^  is  made  by  combining  a  solution 
of  potassium  iodide  and  silver  nitrate  and  collectmg  the  precipitated  silver  iodide, 
as  shown  in  the  following  equation : 

KI     +     AgNO,     «     KNOt     -f     Agl. 

This  is  a  heavy  yellow  powder,  and  is  used  as  an  alterative  in  syphilis,  in  doses 
of  0.03  to  0.12  Gm.  (K  to  4  grains). 

There  is  some  demand  for  silver  iodide  in  emulsified  form  and  this  can  be  pre- 
pared by  dissolving  the  molecular  quantity  of  potassium  iodide  in  a  0.3  of  1  per  cent, 
solution  of  gelatin  and  addingto  this,  little  by  little,  the  proper  quantity  of  silver 
nitrate  in  aqueous  solution.  The  proportional  amounts  are  obviously  165  parts  of 
potassium  iodide  to  169  parts  of  silver  nitrate. 

ARGENTI   OXIDUM— saver  Oxide 

(Arg.  Oxid.) 

It  contains,  when  dried  to  constant  weight  at  120°C.,  not  less  than  99.6  i>er  cent, 
of  AgsO  (231.76).  Preserve  it  in  well-stoppered,  dark  amber-colored  vials.  It 
must  not  be  triturated  with  readily  axidizable  or  combustible  substances,  and  must 
not  be  brought  in  contact  with  ammonia. 

Summarized  Description, 

Heavy,  dark,  brownish-black  powder;  reduced  by  exposure  to  light;  metallic  taste; 
very  slightly  soluble  in  water;  insoluble  in  alcohol;  completely  soluble  in  nitric  acid; 
dissociates  on  heating  from  250**  to  300®C.  into  oxygen  and  metallic  silver.  For 
details  see  U.8.P.,  p.  62. 

For  teats  for  identity,  for  impurities  (chloride,  copper)  and  for  assay  see  U.S.P., 
p.  63  and  also  Part  V  of  this  book. 

Remarks, — Silver  oxide  is  prepared  by  precipitating  silver  nitrate 
solution  with  potassium  hydroxide  solution,  as  shown  in  the  following 
equation : 

2AgN0,     +     2K0H     =     Ag,0     +     2KNO,     -h     HjO. 

Silver  oxide  must  be  carefully  handled,  owing  to  its  energetic  oxidiz- 
ing action,  hence  the  pharmacopoeial  warning  given  above. 
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The  only  way  safely  to  make  pills  of  silver  oxide  is  by  using  petro- 
leum mass  or  kaolin  and  vaselin  as  excipient.  (See  p.  305.)  Also  beware 
of  bringing  it  in  contact  with  ammonia,  for  the  two  will  form  the  dangerous 
explosive,  fulminating  silver. 

Silver  oxide  is  one  of  the  most  valuable  compounds  of  silver  for  inter- 
nal use,  it  being  far  less  caustic  than  any  of  the  other  silver  compounds. 

Dose.— 00  milligrammes  (1  grain). 

Colloidal  silver  preparations  have  been  extensively  used  of  late  in  place  of  silver 
nitrate  and  silver  oxide.  These  are  based  on  the  remarkable  fact  that  if  a  soluble  silver 
salt  is  reduced  under  proper  conditions,  the  metallic  silver  thus  produced  is  water- 
soluble,  due,  it  is  claimed  to  the  fact,  tnat  the  metal  is  in  such  fmely  divided  form 
(possibly  in  molecular  condition)  that  a  colloidal  solution  (p.  154)  obtains.  Colloidal 
silver  can  be  prepared  by  adding  to  10  per  cent,  silver  nitrate  iK)lution  30  per  cent, 
ferrous  sulphate  solution,  40  per  cent,  soaium  citrate  solution  and  10  per  cent,  sodium 
carbonate  solution.  A  lilac  precipitate  containing  97  per  cent,  of  sdver  results  and 
this  after  washing  free  from  impurities  with  ammonia  citrate  solution  is  soluble  in 
water  or  10  i>er  cent,  sodium  chloride  solution. 

Commercial  products  are  usually  prepared  containing  small  amounts  of  proteids, 
such  compounds  having  been  found  to  yield  more  stable  solutions.  Among  the 
proprietary  forms  of  c<uloidal  silver  may  be  cited  protarool  and  arayrol.  These  are 
now  used  largely  in  the  form  of  glycerimc  solutions  for  throat  troubles. 
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Procter,    A.J.P.,   36,  1864,  301.     (Blackening)  ^[ewbury,  Am.  Ch.  Jl.,  8,  1886,  196. 

(Removing  stains)  Edwards,  Pacific  Pharm.,  3,  1910,  88.     (Pills)  Franck,  Ap.  Zt., 

27  1913  232. 

'  PAoto^apXy.— Butterfield.  A.J.P.,  61, 1889,  45;  Trivelli,  Ch.  Cent.,  82,  1911,  707. 

Lunar  Cat«<*c.— (History)  Wootton,  1,  1910,  424. 

Mitigated  Cai««c.— (Manufacture)  Anon.,  A.J.P.,  49,  1877,  373;  Maisch,  A.J.P., 
65,  1883,  347. 

SOver  Cyanide.— Duhamel,  A.J.P.,  12,  1840.  186. 

Silver  Iodide. — (Manufacture)  Deville,  Gmelin-Kraut,  5',  1908,  115.  (Emulsion) 
Thum.,  A.J.P.,  82,  1910,  507. 

Silver  Oxide. — (Manufacture)  Stas,  Gmelin-Kraut,  5*,  1908,  41;  Lane,  Ph.  Jl., 
6,  1846,  170.     (Explosive  character)  Smith,  A.J.P.,  31,  1859,  308* 

Fulminating  Silver. — ^Anon.,  Am.  Dr.,  25,  1894,  424;  Sieverts,  Zt.  angew.  Ch., 
22,  1909-6;  Burgess,  A  I.P.,  14,  1842,  163;  Draper,  A.J.P.,  59,  1887,  22. 

Colloidal  Silver, — (Manufacture)  JLea,  Ch.  cent.,  60",  1889, 315.  (Decomposition) 
Stephan,  Ap.  Zt.,  27,  1912,  148.     (Removing  stains)  Clare,  Dr.  Circ.,  54,  1910,  410. 
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PART  IV 

ORGANIC  CHEMISTRY 


CHAPTER   XXXV 

miRODucnoN 


Organic  chemistry  is  the  study  of  the  carbon  compounds,  the  adjec- 
tive '^organic"  being  a  survival  of  the  earlier  days  of  chemical  thought, 
when  it  was  supposed  that  all  substances  peculiar  to  animal  and  vege- 
table economy — such  bodies  as  those  about  to  be  discussed — were 
produced  by  the  action  of  a  mysterious  influence  called  the  force  of  life — 
"  vis  vitce,'^  Although  this  vis  vit»  theory  was  exploded  in  1828  by  Woeh- 
ler's  synthesis  of  urea  (p.  677),  the  name  "organic  chemistry"  is  still 
applied  to  the  carbon  compounds. 

Essential  to  an  organic  compound  are  the  carbon  atoms  it  contains, 
and  it  is  interesting  to  note  that  in  all  the  numberless  derivatives  of 
carbon  (some  112,000  now  known  to  the  practice)  these  carbon  atoms 
always  show  the  valence  iv,  just  as  do  the  carbon  atoms  in  the  carbonates 
discussed  in  previous  chapters. 

The  reason  why  carbon  forms  so  many  compounds  is  because  it 
possesses,  to  a  far  greater  extent  than  any  other  element,  the  property 
of  using  some  of  its  bonds  for  linking  itself  to  adjoining  carbon  atoms. 
That  one  atom  of  an  element  is  capable  of  attaching  itself  to  another 
atom  of  the  same  element  has  been  already  shown,  for  example,  in  the 
formula  Fe2Cl6  (p.  503),  the  graphic  formula  showing  that  two  atoms 
of  iron  are  directly  attached  to  each  other.  Likewise  in  HgsCU  the  two 
mercury  atoms  are  attached  to  each  other  by  their  own  bonds.  Return- 
ing to  the  question  of  ferric  chloride,  it  will  be  remembered  that  its  for- 
mula was  explained  by  the  statement  that  we  had  iron  with  the  valence 
rv,  and  with  a  bond  of  each  iron  atom  used  for  attaching  itself  to  the  other, 
as  shown  in  graphic  formula: 

I 


FG 


—CI 

CI 

—CI 


Exactly  analogous  to  ferric  chloride  is  the  formula  of  ethane,  that  carbon 
compound  containing  two  atoms,  and,  as  a  matter  of  fact,  there  is  known 
a  body  C2CI6,  exactly  analogous  to  FejCU: 


C— ci 
— ci 
— ci 

r— ci 
I  — ci 
^— ci 


These  two  carbon  atoms,  however,  can  link  on  a  third  carbon  atom, 
making  a  chain  of  three  carbon  atoms,  which  can  be  graphically  repre- 
sented as: 


I  I  I 

667 
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And  in  this  way  there 

can  be  devised  chains  containing  four. 

five,  or  six 

carbon  atoms,  making  the  following  series: 

Methane.      Ethane. 

Propane.        Butane. 

Pbntanb. 

HiaCANE. 

CrL4                 GiHe 

CsHt               C4H10 

CiHis 

CeHu 

H                    H 

H                     H 

H 

H 

H— C— H       H— C— H 

H— C— U        H— G-H 

H— C— H 

H— C— H 

H              H— C— H 

H-ij— H        H— O-H 

H— C— H 

H— C— H 

i 

U— C— H        H-^H 

H— C— H 

H— C— H 

H               H    C— H 

H— C    H 

H— C— H 

H 

H— C— H 

H— <>-H 

^ 

H— C— H 

This  series  can  be  continued  almost  indefinitely,  similar  chains 
containing  60  carbon  atoms  being  known. 

These  compoimds  are  composed  only  of  carbon  and  hydrogen,  and 
are  called  hydrocarbons.  They  all  belong  to  a  similar  set  or  series,  and 
the  members  of  such  a  series  are  called  homologues.  In  this  series  of 
homologues  the  carbon  atoms  are  Imked  into  a  long  string  or  chain,  and 
the  series  is  called  the  chain  series  of  hydrocarbons.  Because  these  hydro- 
carbons and  their  derivatives  are  found  in  fats,  the  series  is  sometimes 
called  the  fatty  series. 

Among  the  members  of  the  series  there  exists  a  mathematic  relation- 
ship between  the  relative  niunber  of  carbon  and  hydrogen  atoms. 

This  relationship  can  be  expressed  in  the  mathematic  formula 
CnHan  -p  i)  which  means  twice  the  number  of  carbon  atoms,  plus  two, 
gives  the  number  of  hydrogen  atoms. 

Let  us  prove  this: 

Take  methane,  CH4.     There  is  one  carbon — Cn  means  C. 
Htn  +  2  means  2Xl»2;2+2»4,  Hm  + 1  means  H4. 

So  with  ethane,  CsHe.     Cn  means  Ci. 

*  Hsn  + 1  means  2X2»4;4+2»6,  Hm  + 1  means  H«. 

Likewise  with  propane,  CtHs.     In  this  case  Cn  means  C|. 
Htn  +  2  means  2X3=6;6+2»8,  Hm  +  s  means  Hs. 

Lastly  the  hydrocarbon,  CeoHiss.     In  this  case  Cn  means  Ceo. 

|[tn  + 1  means  2  X  60  »  120;  120  +  2  «  122;  Hm  +  3  means  Hu,. 

In  methane,  ethane,  propane,  and  the  other  hydrocarbons,  possessing 
the  general  formula  CnHzn  +  s,  the  carbon  atoms  are  arranged  in  a 
chain,  that  is,  one  linked  after  another,  like  beads  on  a  string.  Another 
variety  of  chain  hydrocarbons  are  those  having  the  formula  CnHjm  of 
which  ethylene  and  propylene  are  the  types.  These  bodies  are  unsatu- 
rated, that  is,  at  least  two  of  the  carbon  atoms  of  the  compound  are  Unked 
together  by  means  of  double  bonds,  as  outlined  in  the  graphic  formula: 

C^ 

r       h- 
^     ■  t 

These  are  said  to  be  unsaturated,  because  the  double  bonds  split 
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whenever  opportunity  is  presented  for  them  to  be  used  tor  attaching 
other  elements  to  the  carbon  atom.  Thus,  if  ethylene  is  treated  with 
iodine,  the  double  bond  is  immediately  severed  and  an  iodine  atom  is 
attached  to  each  bond,  making  ethylene  di-iodide,  as  shown  in  the  follow- 
ing graphic  formula: 

H     H  H    H 

(Ethylene)     C=C       ->      I— C— C--I     Ethylene  di-iodide 

■    i'i      n 

Another  series  of  chain  hydrocarbons  is  the  acetylene  series,  in 
which  adjoining  carbon  atoms  are  connected  by  a  triple  bond,  as  shown 
in  acetylene  and  allylene,  graphic  formulas  of  which  are  given: 

G-H 
C— H  I 

Aoetylene.  Allylene 

Besides  these  chain  series  of  hydrocarbons,  we  have  a  series  of  hydro- 
carbons of  which  benzene,  CeHe,  is  the  type,  in  which  the  carbon  atoms 
form  a  ring,  as  explained  on  p.  686.  This  series  is  called  the  aromatic 
series,  in  contradistinction  to  the  fatty  series  of  chain  hydrocarbons 
just  cited. 

Radicles  are  atomic  groups,  either  organic  or  inorganic,  not  existing 
in  a  free  state,  but  assigned  names,  and  temporarily  considered  as  entities, 
merely  for  convenience. 

Chemists  run  across  scores  of  chemical  compounds  containing  the 
group,  say,  C2H6  (examples:  C2H6OH,  or  alcohol;  (C2H6)20,  or  ether, 
etc.),  and  as  many  others  containing,  say,  COOH.  Neither  C2H6  nor 
COOH  exists  in  a  free  state,  but  since  we  meet  them  so  often  in  compounds, 
we  give  them  names.  Thus,  we  call  C2H6  "eifcyJ,"  simply  because  it  is 
much  easier  to  say  ** ethyl"  than  to  call  the  compound  *'two  atoms  of 
carbon  and  five  atoms  hydrogen,"  and  for  similar  reason  we  call  COOH 
"carboxyl"    Such  atomic  groupings  are  called  radicles. 

In  methane,  CH4,  we  have  a  body  in  which  all  the  bonds-  of  the 
carbon  are  taken  up  by  hydrogen.  In  all  known  bodies  the  employ- 
ment of  all  the  bonds  of  the  carbon  atoms,  in  some  way  or  other,  is 
distinctly  noticeable,  and  carbon  compounds  having  free  bonds  do 
not  exist. 

As  already  mentioned,  free  atoms  do  not  exist;  yet  free  atoms  enter 
into  chemical  combinations.  Such  is  the  case  with  what  are  called 
radicles,  and  of  these^  we  may  take  as  example  the  group  CHs,  which 
we  call  methyl. 

Note  that  r zi 

vrrS  has  a  free  bond,  hence  it  does  not  exist  in  a  free 

state.  But  as  it  enters  into  chemical  reactions,  we  may  consider  it 
just  as  we  do  atoms. 

For  instance,  just  as  sodium  (Na)  and  chlorine  (CI)  join  to  form 
sodium  chloride  (NaCl),  so  is  obtained  CHsCl,  which  is  called  methyl 
chloride. 

Just  as  the  radicle  CHs  is  considered  as  ^  derivative  of  CH4,  so  from 
C2H6  is  derived  the  radicle  eibyl,  C2H6,  and  from  CsHs  the  radicle  CsH?, 
which  is  called  propyl: 
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Another  aimilarity  between  atoms  of  elements  and  radicles. 

Elements  are  divided  into  positive  and  negative,  according  as  their 
action  resembles  metals  or  non-metals. 

The  radicles  mentioned  thus  far  are  all  typical  of  a  character  Bom»- 
what  similar  to  metals,  since  each  (CHi,  for  example)  combines  with 
chlorine,  just  as  sodium  or  iron  does.  Others  there  are  that  act  like  the 
negative  part  of  the  molecule;  such  groups  as  (OH),  (COOH),  and  (CHO) 
resembling  negative  elements. 

But  too  much  trust  must  not  be  placed  on  this  idea  of  radicles, 
as  the  following  facts  show  that  they  should  be  considered  more  as  a 
convenient  figure  of  speech  than  as  definite  chemical  entities. 

Na,  the  atom  of  sodium,  does  not  exist.  Nai,  the  molecule,  does 
(graphically  expressed,  Na — Na),  the  atoms  linked  "hand  in  hand." 

Methyl,  the  radicle  CH|,  does  not  exist;  (CHOi  does,  but  as  a  body 
entirely  different  from  the  hypothetic  methyl,  from  which  it  is  derived. 


-i-H 


,  C,H.  (Ethane), 


which,  when  brought  in  contact  with  chlorine,  does  not  form  CHtCI 
(as  Nej  treated  with  chlorine  yields  NaCl),  but  the  product  is  C»H»CI. 

Another  difference  is  that  the  atom  of  an  element  is  unchangeable; 
methyl,  the  radicle,  can  be  modified  from  (CH.)'  to  (CH,C1)',  (CHCIi)', 
or  (CClj)'.  and  exactly  so  with  all  other  radicles. 

The  Roman  numeral  outside  the  brackets  in  each  formula  means 
that  the  radicles  have  as  many  free  bonds  as  the  numeral  indicates. 

Further  discussion  of  radicles  is  beyond  the  limits  of  this  book,  and 
in  conclusion  there  will  only  be  added  the  statement  that  the  name  of 
each  radicle  is  given  the  termination  "yl." 

The  following  are  the  more  important  radicles: 

PoBiTiVB  NBaATrv& 


rropyl  ( 
Butyl  ( 
Amyl  ( 
Phenyl   ( 


rom  methane,  CH».      Hydroxyl  (OH)i. 

ethane,  C,H..     Carboxyl  (COOH>>. 

propane,  C,H,.     Carbonyl  (CO)", 

butane,  C«Hi,.  Th«    AiSe-  ,„„„. 

pentan^,  cIh".     hvde  lud- (CHO).. 

beMeno,  C,H,.  ' 


In  considering  the  chemistry  of  the  official  oi^nic  substances,  it  is 
found  convenient  first  to  discuss  the  hydrocarbons  themselves,  and  then 
the  vast  mass  of  derivatives,  and  in  this  work  the  order  of  the  considers^ 
tion  of  the  latter  will  be  based  on  a  convenient  standard  of  the  number 
of  carbon  atoms  they  contain.  In  special  books  on  organic  chemistry 
it  is  usual  to  consider  the  derivatives  of  the  hydrocarbons  in  groups, 
based  on  their  structural  characteristics;  thus,  all  the  fatty  alcohols  are 
considered  together,  likewise  the  fatty  aldehydes  and  acids,  but,  from 
the  pharmacist's  point  of  view,  it  is  better  to  discuss  them  in  a  different 
arrangement;  namely,  to  study  all  the  derivatives  of  ethane  together, 
and  then  proceed  to  propane. 

A  convenient  grouping  of  the  derivatives  is  as  follows: 
The  Halogen  DerivatiTes. — In  this  case  the  hydrogen  atoms  are  re- 
placed by  the  halogen  elements,  chlorine,  bromine,  iodine.     Thus,  from 
CH*  we  can  get  CH,C1,  CH,C1„  CHCl.,  and  CCI,. 
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The  first  three  of  these  can  be  expressed  by  the  formulas: 

R^X,  R"X2,  and  R™X,. 

R  standing  for  the  radicle,  X  for  the  appropriate  halogen  element,  the 
Roman  numerals  above  R  expressing  the  number  of  free/bonds  the  same 
possesses. 

Methane  treated  with  bromine  yields  respectively — 

CH,Br,  CHiBr,  CHBr,,  CBr«, 

and  such  is  the  case  with  iodine.  Likewise,  with  ethane,  one  or  even  all 
the  halogens  can  be  replaced  with  chlorine,  bromine,  or  iodine. 

Of  these  halogen  derivatives  chloroform,  bromoform,  and  iodoform 
are  of  pharmaceutic  interest. 

The  Alcohols. — The  formulas  of  these  can  be  expressed  by: 

R'OH,  R«^(0H)3,  R^'(0H)6,  etc. 

Alcohols  are  substitution  products  of  the  hydrocarbons,  in  which 
one  or  more  of  the  hydrogens  are  replaced  by  hydroxyl  groups  (OH). 
Official  examples  of  this  class  are: 

Ethyl  alcohol CiHbOH. 

Glycerin CHifOH),. 

Mannitol CeH8(0H)e. 

These  alcohols  are  divided  into  primary,  secondary,  and  tertiary 
alcohols,  being  classified  according  to  their  action  under  the  influence 
of  oxidation. 

kmimary  alcohol  oxidizes  to  an  aldehyde  and  then  to  an  acid;  thus,  ethyl  alcohol, 
CHsCHsOH,  on  being  treated  with  an  oxidizing  agent,  yields  first  an  aldehyde, 
CHjCHO,  and  finally  the  acid,  CHiCOOH. 

A  general  formula  of  a  primary  alcohol  shows  as  distinguishing;  characteristic 
the  group  RCHsOH,  that  is,  the  carbon  atom  to  which  the  hydroxyl  is  attached  has 
also  attached  one  radicle  and  two  hydrogen  atoms. 

A  secondary  alcohol,  on  oxidation,  does'  not  yield  an  aldehyde  and  an  acid,  but 
yields  a  substance  called  a  ketone. 

Thus,  secondary  propyl  alcohol,  CQaCHOHCHj,  yields  on  oxidation  the  ketone, 
acetone,  CHiCGCH,. 

The  rational  formula  of  a  secondary  alcohol  shows  the  characteristic  grouping — 

^*>CHOH. 

In  other  wordsj  connected  with  the  carbon  Atom  to  which  the  hydroxyl  is  attached 
are  found  two  radicles  and  only  one  hydro^n  atom. 

A  tertiary  alcohol  is  one  which,  on  oxidation,  yields  neither  an  aldehyde  nor  a 
ketone,  but  breaks  up  under  such  treatment.  The  rational  formula  of  tertiary 
alcohol  can  best  be  expressed  as — 

R,COH; 

in  other  words,  to  the  carbon  atom  to  which  the  hydroxyl  is  attached  there  are  fastened 
three  radicles  and  no  hydro^^en  atoms  at  all. 

Perhaps  the  differentiation  in  the  three  classes  of  alcohols  can  better  be  under- 
stood by  a  comparison  of  three  such  alcohols  from  the  same  hydrocarbon  and  the 
oxidation  derivatives  of  each, 

Thus,  primary  butyl  alcohol,  CHjCH^CHsCHjOH,  yields  on  oxidation  butsrric 
aldehyde  and  butyric  acid. 

Secondary     butyl     alcohol,  *Qg*>CHOH,  under  same  treatment,  yields 

CHa\ 
methylethylketone,  while  tertiary  butyl  alcohol,  CHi-^COH,      breaks     up     into 

simpler  compounds. 
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Another  classification  of  alcohols  is  to  call  them  monatomic,  diatomic,  and  tri- 
atomic,  etc.,  the  Greek  prefixes  signifying  the  number  of  hydroxyLs  the  alcohol 
possesses;  thus  glycerin,  CsHt(OH)t,  is  a  tnatomic  alcohol. 

It  will  be  seen  that  the  characteristic  radicle  of  alcohols  is  hydroxyl 
(OH).  To  express  the  same  thing  differently,  alcohols  are  hydroxides 
of  the  organic  radicles,  just  as  the  bases  (p.  357)  are  inorganic  hydroxides. 

Thus,  NaOH,  sodium  hydroxide,  has  an  organic  analogue  in  CjHsOH, 
ethyl  hydroxide.  Similar  to  Ca(OH) j,  calcium  hydroxide,  is  CjH4(0H)t, 
glycol,  tad  as  mate  to  Fe(0H)8,  ferric  hydroxide,  we  have  the  organic 
hydroxide,  CsH6(OH)8,  glycerin. 

All  three  organic  hydroxides  cited  above  are  classed  among  the  alco- 
hols. Those  alcohols  formed  by  adding  hydroxyl  to  the  benzene  group 
of  radicles  (CeHs,  C6H4,  etc.)  are  called  phenols,  of  which  the  type  is  ordi- 
nary phenol,  carbolic  acid,  CeHsOH. 

As  alcohols  represent  organic  hydroxides,  so  the  class  of  ethers  repre- 
sent organic  oxides.  In  a  preceding  chapter  (p.  357)  it  was  noted  that 
sodium  hydroxide,  NaOH,  was  evolved  from  sodium  oxide,  Na^O,  by 
adding  water  thereto.  Likewise,  by  taking  water  away  from  sodium 
hydroxide,  sodium  oxide  is  produced.  In  a  somewhat  analogous  way, 
by  removing  water  from  ethyl  hydroxide  (alcohol),  ethyl  oxide  (ether)  is 
formed. 

Let  us  compare  the  formation  of  the  two: 

NaOH  ^— A  C«H,OH  CJB:.— /\ 

"    -H,0=  11  "    -H,0=  11 

NaOH  Na— ^  CHiOH  C,H,— ^ 

Sodium  Sodium  Ethyl  hydroxide  Ethyl  oxide 

hydroxide.  oxide.  (alcohol).  (ether). 

The  general  formula  of  ethers  can,  therefore,  be  expressed  as  R'OR'. 

Esters  may  be  defined  as  salts  of  the  alcohols. 

We  have  seen  the  analogy  between  hydroxides  and  alcohols;  between 
oxides  and  ethers;  let  us  now  show  similarity  between  salts  and  esters. 
Suppose  we  take  sodium  hydroxide  and  add  nitrous  acid,  we  get  water 
and  sodium  nitrite: 

NaOH    4-    HNO.     =     H2O     +     NaNOj 
EvensoCHfiOH     +     HNOj     «     H,0     +     CHiNO, 

Ethyl  hydroxide.       Nitrous  acid.  Ethyl  nitrite. 

An  ester  is  the  combination  of  a  positive  organic  radicle  with  an 

acid  radicle,  just  as  a  salt  is  a  combination  of  a  positive  element  with  an 

acid  radicle.    The  acid  of  the  ester,  just  like  the  acid  of  the  salt,  can  be 

either  inorganic  or  organic,  as  is  shown  by  the  formulas  of  the  official 

esters: 

Ethyl  nitrite CjHfNOj. 

Ethyl  acetate  (acetic  ether) C2HsOtHsOa. 

Amyl  nitrite CiHuNOj. 

Phenyl  saUcylate  (salol) C^HiCrHiO^ 

Methyl  salicylate CHjCrHfOa. 

Emphasis  should  be  laid  on  the  fact  that  esters  are  not  in  every  respect  similar 
to  inorganic  salts,  a  most  striking  difference  being  that  while  inorganic  salts  in  solu- 
tion dissociate  into  ions  (p.  119),  esters  do  not  undergo  ionic  dissociation.  Another 
point  of  difference  is  that,  while  the  reaction  occurring  in  the  manufacture  of  salts 
usually  runs  in  one  direction,  viz., 

NaOH     +     H2SO4     =     Na^04     +     HA 

the  ester  reaction  is  reversible,  viz., 
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(a)  C,H,OH      +     HNO2     =     C,H,NO,     +     H,0 
(5)  CHiNOa     +    H2O        =     C,H,OH      +    HNOt. 

The  latter  reaction,  whereby  esters  are  dissociated,  is  called  the  process  oi  saponi- 
fication. 

Aldehydes. — This  class  of  organic  compounds  has  no  analogues 
among  the  inorganic  compounds,  it  being  the  product  of  the  oxidation 
of  a  primary  alcohol.  An  explanation  of  the  same  has  just  been  given 
under  the  classification  of  the  alcohols,  and  specific  details  will  be  left 
until  we  consider  the  official  aldehydes;  so  here  suffice  it  to  say  that  the 
general  formula  of  aldehyde  is  RCHO.  An  example  of  the  official  alde- 
hydes is  benzaldehyde,  the  chief  constituent  of  oil  of  bitter  almond. 

Ketones. — As  mentioned  above,  ketones  are  oxidation  products  of 
secondary  alcohols,  and  their  general  formula  is  RsCX).  Thus,  the  second- 
ary propyl  alcohol,  CHsCHOHCHs,  under  influence  of  oxidizing  agents, 
loses  the  two  hydrogen  atoms,  becoming  CHsCOCHs,  the  official  acetone. 

Acids. — The  true  organic  acids  are  the  oxidation  products  of  primary 
alcohols  or  aldehydes,  and  their  general  formula  is  RCOOH,  the  group 
COOH  being  called  carboxyl,  as  mentioned  on  p.  570. 

As  alcohols  are  monatomic,  diatomic,  and  triatomic,  according  to  the 
number  of  hydroxyls,  so  organic  acids  are  monobasic,  dibasic,  and 
tribasic,  according  to  the  number  of  carboxyls  they  contain.  Thus, 
acetic  acid  is  an  official  example  of  the  monobasic  organic  acid,  while 
succinic  acid,  C2H4(COOH)2,  is  an  illustration  of  a  dibasic  acid. 

Acids  with  alcohol  radicles,  that  is,  containing  carboxyl  and  hydroxyl, 
are  called  oxyacidSf  and  an  official  illustration  is  furnished  in  tartaric 
acid,  which  is  a  dibasic,  diatomic  oxyacid,  as  shown  by  the  graphic  for- 
mula.   (See  p.  615.) 

In  true  acids  only  those  hydrogen  atoms  in  carboxyl  groups  are  re- 
placeable by  a  metal.  This  is  why  carbolic  acid  (CeHsOH)  is  not  a  true 
acid,  but  a  phenol  (p.  687). 

Amines  can  be  expressed  by  the  general  formulas— 

RNHa,  R,NH,  or  R,N. 

They  can  also  be  cpnsidered  as  ammonia  in  which  one,  two,  or  three 
hydrogens  have  been  replaced  by  radicles.  Thus  we  can  obtain  methy- 
lamine,  CH8NH2,  dimethylamine,  (CH8)2NH,  and  trimethylamine, 
(CH8)8N. 

The  manufacture  of  these  products  is  so  simple  and  clear  that  it  serves  admirably 
for  explaining  their  exact  composition.  Thus  ammonia  treated  with  methvl  iodide 
pives  the  hydriodic  acid  salt  of  meth^lamine,  and  when  the  acid  is  removed  by  treat- 
mg  with  potassa,  methylamine  remams. 

Reaction:  (a)  NH,  +    CH,I      =     NH,CH,HI. 

(6)  NHaCHjHI     H-    KOH      =     NHtCH,     -f     KI     -|-     H,0. 

Methylamine,  being  treated  with  methyl  iodide,  will  yield  the  hydriodic  acid 
salt  of  dimethylamine,  and  this  by  treatment  with  potassa  yields  the  free  dimethyla- 
mine. 

Reaction:  (a)  NH2CH,  -f     CH,I       =      NH(CH,),HI. 

(6)  NH(CH,),HI    4-    KOH        «     NH(CH,),     +    KI     +     H,0. 

Dimethylamine,  being  treated  with  methyl  iodide,  yields  the  hydriodic  acid  salt 
of  trimethylamine,  and  the  free  base  is  obtained  bv  treatment  with  potassa  as  above. 
Lastly,  if  trimethylamine  is  treated  with  methyl  iodide,  we  get  a  very  interesting 
bodv  called  tetramethylammonium  iodide. 

Reaction:  N(CH,),     +     CH,I     =     N(CH,)4l. 

In  the  latter  case  the  nitrogen  shows  the  valence  v,  exactly  as  it  does  in  the  am- 
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monium  compounds.  The  Bimilarity  of  these  four  bodies,  the  amines  and  the  am- 
monium compoimds  respectively,  is  best  shown  by  comparison  of  the  four  graphic 
formulas: 

Methylamine.        Dimethylamine.        Trimethylamine.        Tetramethyl  ammo- 
nium iodide. 

— CHi  ^  I— CHi  A.  ■— -CHt  A.  ■— CHi 

1— CHi 


N=r    N?    Ni    N 


— CH« 
— CHi 
—I 


NHiCH,.  NH(CH,),.  N(CH,),.  NCCHOJ. 

It  might  be  added  that  for  methyl  can  be  substituted  ethyl,  propyl,  or  any  other 
monovalent  radicle.  All  the  amines  are  ouite  similar  to  ammonia;  the  mono-amines 
have  ammoniacal  odor  and  all  are  deicidealy  basic. 

The  amines  of  the  fatty  series  are  of  but  little  importance,  but  several 
of  the  aromatic  series  are  of  the  utmost  value;  for  example,  aniline 
(p.  694).  ' 

CHAPTER   XXXVI 
HYDROCARBONS  AND  METHANE  DERIVATIVES 

THE  FATTY  SERIES  OF  HYDROCARBONS 

Tms  series  of  hydrocarbons,  having  the  general  formula  CqHsh+s, 
are  sometimes  called  the  aliphatic  series.  As  mentioned  in  the  preceding 
chapter,  representatives  of  these  series  are  the  homologues,  methane, 
ethane,  butane,  pentane,  hexane,  etc.,  aU  similar  and  manufactured  one 
from  the  other.  Substances  possessing  the  same  general  formula,  but 
differing  in  relative  number  of  atoms,  are  called  homologues. 

Manufacture. — That  the  members  of  this  class  can  be  made  one  from 
the  other  has  already  been  mentioned;  thus,  methane,  CH4,  can  be  con- 
verted into  methyl  iodide,  (CHsI),  and  methyl  iodide,  on  treatment  with 
metallic  sodium,  yields  ethane  by  the  following  reaction: 

2CH,I     +    Na,     =     2NaI     +    CH,— CH,  or  CjHe. 

This  is  the  iisual  way  of  making  suqh  hydrocarbons,  although  several 
other  methods  have  been  devised. 

Chemical  Behavior. — These  hydrocarbons  are  saturated  bodies;  that 
is,  they  will  absorb  no  more  hydrogen  nor  will  they  combine  with  halogens 
except  through  the  loss  of  hydrogen  atoms.  The  halogen  derivatives 
are  formed  as  follows: 


CH4 

+ 

CI,     =     CH,C1 

+ 

HCl. 

CH,C1 

-H 

CI,     -     CH,CU 

+ 

HCL 

CH,ai 

+ 

CI,     =     CHCU 

-H 

HCl. 

CHCl, 

+ 

CI,     -     CCI4 

4- 

HCl. 

Physical  Properties. — The  first  of  these  series  of  hydrocarbons  are 
gases.  Hydrocarbons  from  CgHu  are  Uquids,  the  first  being  quite 
volatile,  the  higher  ones,  that  is,  from  C14H30,  thick  and  stable  Uquids, 
while  the  higher  hydrocarbons  of  the  series,  say  from  C20H43,  are  solid. 
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ConBidering  the  hydrocarbons  as  individuals,  the  first  of  the  series,  methane, 
CH4,  is  commonly  called  mar^K^ae,  because  formed  by  decaying  vegetable  matter, 
and  thus  it  can  be  easily  collected  from  the  surfaces  of  some  marshes.  It  is  the 
chief  constituent  of  natural  gas.  Methane  is  usually  made  by  heating  in  a  retort 
sodium  acetate  with  sodium  hydroxide,  as  shown  in  the  following  equation. 

CHsCOONa     H-     NaOH     =     CH*     +     Na,COa. 

It  can  also  be  prepared  spontaneously  by  immersing  zinc  methyl  in  water,  as  shown 
in  the  following  equation : 

Zn(CH,),     -H     H,0     =     2CH4     +     ZnO. 

The  zinc  methyl  used  is  made  by  heating  together  methyl  iodide  and  zinc  and  dis- 
tilling ov^r  the  zinc  methyl  in  the  presence  of  absolutely  dry  hydrogen,  the  reaction 
being: 

2CHjI     4-     Zn,     -     Zn(CH,),     +     Znl,* 

Ethane  CH,,  can  be  made  as  cited  on  p.  574,  by  treatment  of  methyl  iodide 
with  metallic  sodium.  It  is  usually  made,  however,  by  treating  sodium  propionate 
with  sodium  hydroxide  in  a  manner  similar  to  the  method  given  for  making  methane 
from  sodium  acetate,  the  reaction  being  as  follows: 

CHaCHjCOONa     -f     NaOH     =     CH,CH,     +     Na,COa. 

PropanSy  CaHg,  is  made  by  treating  a  mixture  of  methyl  iodide  and  ethyl  iodide 
with  metallic  sodium,  the  reaction  being  as  follows : 

CHal     +     CjHftI     +     Na,     =     2NaI     +     CH,— C,H»  (or  CH,). 

BtUanCf  C4H10,  is  interesting,  inasmuch  as  two  substances  of  this  formula — CiHio-— 
are  known.  Already  we  have  learned  that  where  an  element  is  found  in  three  or 
four  different  forms,  sucK  forms  are  said  to  be  allotropic  (p.  380).  On  the  other  hand, 
where  several  compounds  differ  physically,  but  have  the  same  cheihical  formula, 
they  are  called  iaomereSy  and  in  organic  chemistry  a  vast  number  of  such  isomeres 
are  found,  the  two  tvpes  of  butane  being  the  first  example  we  meet.  The  two  types 
of  Butane  can  best  be  described  by  submitting  the  graphic  formula,  and  it  will  be 
found,  on  careful  calculation,  that  these  are  the  only  two  possible  combinations 
of  the  formula  C4H10. 
The  two  butanes: 

H    H    H    H 

Normal HC— C— C— C— H 

H    H     H     H 

CH 

Isobutane CH,— Ch/ 

^CH, 

Pentane,  CtHi2,  can  occur  in  three  different  forms,  namely: 

CH,  CH,  CHa  CH3  CH, 

J,^  >^  V 

CH,  CH  C 


CH, 

CH, 

CHa  CH,. 

CH, 

CH, 

CHa 

HexanCj  CeH^,  exists  in 

five  possible  combinations,  namely: 

CH,                 CHa    CH, 

CH,    CH, 

C,H5  CH,       CHa  CHa  CHa 

CH,                      CH 

^ 

^     \ 

/ 

CH,                      CH, 

Ah 

CH,                     C 

CH,                      CH, 

CfliCH, 

CH,                     C,H», 

CH,                      CH, 

CH, 

and  all  of  these  are  known. 
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It  will  be  seen  from  the  above  that  the  number  of  jsozneres  increases  in  proportion 
to  the  number  of  carbon  atoms  which  the  compound  possessesi  and  in  bodies  con* 
taining  a  large  number  of  carbon  atoms  the  possible  number  of  isomeres  is  enormous. 

Of  the  hydrocarbons  beyond  hexane,  such  as  CtHu  and  CsHi«,  nothing  need  be 
said  beyond  the  fact  that  the  formula  of  each  can  be  worked  out  from  the  general 
formula  CnHsn+2)  as  explained  on  p.  568. 

The  hydrocarbons  above  cited  are  of  interest  pharmaceutically  because  they  are  con- 
stituents of  natural  gas  and  of  the  petroleum  products,  and  these  we  will  now  discuss. 

Natural  gas  is  chiefly  methane  combinea  with  small  quantities  of  ethane  and 
oxygen.  It  is  found  in  pockets  beneath  the  surface  of  the  earth,  from  which  it  is 
extracted  by  drilling,  as  m  artesian  wells,  until  the  pocket  is  reacned,  when  the  gas 
rushes  out  and  is  piped  to  places  where  it  is  desired  to  be  used.  The  city  of  Cleve- 
land is  furnished  with  natural  gas  brought  from  West  Virginia,  120  miles  away. 

Petroleum  is  a  thick,  greasy  liquid,  obtained  from  pockets  beneath 
the  earth  by  drilling,  as  in  the  case  of  natural  gas — ^in  fact,  the  two  are 
usually  associated.  The  chief  localities  in  which  petroleum  is  obtained 
are  Pennsylvania  and  the  Central  Western  States  (Ohio,  Indiana, 
West  Virginia),  Texas,  California,  and  in  the  neighborhood  of  Baku, 
South  Russia. 

Petroleum  was  first  drilled  for  in  Venango  County,  Pennsylvania,  in  1859,  al- 
though the  oil  which  oozed  from  the  earth  was  known  by  the  Indians  two  hundred 
and  fifty  years  ago.  The  Russian  fields  have  been  worked  commercially  only  since 
the  Pennsylvania  fields  have  been  operated,  while  the  Texas  fields  were  opened  in 
1900. 

Petroleum  is  supposed  to  be  the  result  of  the  decomposition  of  decaying  fishy 
matter,  the  geological  explanation  of  the  limited  areas  where  found  being  tnat  in 
each  case  the  pockets  represent  some  sea  that  disappeared,  these  cataclysms  of 
nature  leaving  the  fishy  denizens  to  be  engulfed  beneath  Aiasses  of  rock.  Other 
theories  are  tnat  vegetable  matter  under  the  influence  of  heat  and  pressure  have 
decomposed  to  petroleum;  while  Moissan  claimed  that  it  was  produced  from  inorganic 
material,  that  carbides  were  produced  by  the  action  of  metals  on  carbon  and  that 
these  combined  with  water  under  pressure  to  form  the  hydrocarbons  of  which  petro- 
leum is  composed. 

Of  the  petroleums,  that  of  Pennsylvania  and  adjoining  states  is  the  best,  the 
Russian  containing  sulphur,  which  must  be  removed  from  the  distillate  before  it 
can  be  used  for  fuel  or  light,  while  the  Texas  petroleum  contains  a  lesser  amount  of 
the  lower  boiling  products  and  contains  1.4  to  1.8  per  cent,  sulphur.  As  mentioned 
above,  the  process  of  extracting  petrolexmi  from  the  earth  is  very  simple,  consisting 
merely  of  driving  an  artesian  well,  and  when  the  bed-rock  is  reached,  exploding  the 
rocky  layer  with  nitroglycerin.  The  depth  of  this  rocky  layer  vanes,  some  wells 
being  2600  feet  deep. 

When  the  free  petroleum  rushes  through  the  tube  to  the  earth's  surface,  it  is 
with  a  pressure,  more  or  less  ^reat,  depending  on  the  amount  of  gas  mixed  with 
petroleum.  When  first  opened,  in  1915,  a  '^spouter  "  near  Tampico,  Mexico,  attained 
the  height  of  600  feet. 

At  first  the  gas  pressure  is  sufficient  to  cause  a  large  flow  of  petroleum;  in  fact, 
in  some  cases  the  difficulty  is  properly  to  control  the  flow.  After  flowing  a  while, 
however,  the  pressure  dimmishes,  until  finally  recourse  must  be  had  to  pumps. 

Petroleum,  as  it  emerges  from  the  earth,  is  a  dark,  greasy  liquid  of 
disagreeable  odor.  This  forms  "stone  oil,"  which  was  formerly  in  con- 
siderable esteem  medicinally  as  a  liniment.  Petroleum  is  pumped 
into  tanks  and  purified  from  extraneous  organic  matter  by  treatment 
with  sulphuric  acid.     The  petroleum  layer  is  then  distUled,  yielding: 

1.  Gases,  such  as  methane,  CH4,  and  ethane,  CaHe. 

2.  Rhigolene,  chielBy  CsHw,  boiling-point,  10°C. 

3.  Gasoline  (benzin),  chiefly  CbHu  and  CeHw,  boiling-point  SO^'-CO^C. 

4.  Insurance  oil,  coal  oil,  etc.,  C7H16,  CsHig,  etc.,  boiling-point,  60*'~100**C. 


5.  Liquid  petrolatxmi,  U.S.P. 

6.  Petrolatum,  U.S.P. 

7.  White  petrolatum,  U.S.P. 

8.  Paraffin.  U.S.P. 


■ . 


Residue  left  after  distillation  of  the 
more  volatile  portion.  They  are  sepa- 
rated from  each  other  by  expression  and 
distillation  in  vacuo. 
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Rhigolene  has  been  suggested  (on  account  of  its  great  volatility) 
as  a  local  anesthetic,  it  freezing  the  surface  on  which  it  is  sprayed. 
However,  ethyl  chloride  is  said  to  be  better  for  this  purpose. 

Benzinum  (U.S.P.  VIII),  or  petroleum  ether ,  is  not  the  same  as  commercial  bensin, 
which  consists  chiefly  of  higher  ooiling  hydrocarbons.  Even  the  phrase  "petroleum 
ether"  is  not  familiar  to  the  average  oU  refiner,  who  calls  the  distillate  approximating 
the  official  benzin.  "88®  naphtha."  This  phrase  means  a  liquid  has  the  specific 
gravity  corresponding  to  "80  Baum^  degrees  light,"  which  equals  the  specific  gravity 
of  the  product  desired. 

The  commercial  samples  examined  by  the  writer,  instead  of  distilling  over  at 
50^0.,  as  directed  by  the  former  pharmacopceia,  did  not  begin  to  boil  until  85^0. 
was  reached,  while  practically  all  distilled  over  between  95°C  and  lOO^C. 

Benzin  was  directed  by  the  last  pharmacopoeia  as  a  solvent  for  India-rubber 
(when  mixed  with  equal  quantities  of  carbon  disulphide),  and  was  thus  used  in 
making  mustard  paper,    its  value  as  a  remover  of  greasenspots  is  well  known. 

BENZINXTM   PURIFICATUM— Purified   Petroleum   Benzin 

(Benzin.  Purif. — Petroleum  Ether) 

A  purified  distillate  from  American  petroleum  consisting  of  hy^drocarbons,  chiefly 
of  the  marsh-eas  series.  Preserve  it  carefully  in  well-closed  contamers,  in  a  cool  place 
remote  from  fire. 

Summarized  Descrivtian. 

Colorless,  non-fluorescent^  volatile  liquid,  ethereal,  or  petroleum-like  odor;  hiehlv 
inflammable:  vapor  mixed  with  air  is  explosive;  insoluble  m  water;  soluble  in  alconol; 
miscible  witn  ether,  chloroform,  benzene,  volatile  and  fixed  oils  (except  castor  oil); 
sp.  gr.  0.638  to  0.660:  distils  between  40""  and  80''C. 

For  details  see  U.S.P.,  p.  75. 

For  tests  for  identity ,  for  impurities:  Other  petroleum  products  (no  greasy  stain  on 
paper).  Pyrogenous  products  and  sulphur  compounds  (no  brown  color  with  alcohol 
ammonia  and  silver  nitrate).  Benzene  (no  nitro-benzene  odor  when  warmed  with 
nitric  and  sulphuric  acids)  see  U.S. P.,  p.  75. 

Remarks, — This  represents  the  crude  petroleum  ether  free  from 
other  matter  by  oxidation  with  permanganate;  the  crude  petroleum 
ether  being  shaken  with  an  aqueous  solution  of  potassium  permanganate 
containing  sulphuric  acid  and  after  separation  from  this  fluid,  it  is  shaken 
with  an  alkaline  permanganate  solution.  It  is  directed  for  use  by  the 
present  pharmacopoeia  as  a  solvent  for  the  caoutchouc-like  constituent 
of  lactucarium  in  the  manufacture  of  tincture  of  lactucarium.  Also  for 
the  removal  of  the  odorous  principles  of  opium  in  making  tincture  of 
deodorized  opium. 

Gasoline  in  commerce  is  a  term  used  synonymously  with  benzin,  enormous  quanti- 
ties being  now  used  as  motive  power  in  automobiling.  The  various  illuminating  oils, 
such  as  insurance  oil,  coal-oily  kerosene  and  headliaht  oil  are  petroleum  products  distill- 
ing over  between  60**  and  150®C.  The  higher  the  boiling-point,  the  safer  is  such  an  oil ; 
as  a  matter  of  fact,  the  use  of  the  lower  boiling  oils,  sucn  as  benzin  and  gasoline,  are 
dangerous,  especially  in  wick  lamps.  As  the  last  two  are  cheaper  than  the  higher  boil- 
ing oils,  because  more  abundant,  they  are  used  to  adulterate  the  higher  boiling  oils. 
To  detect  such  adulteration  has  oeen  devised  the  so-called  ** flash  test,"  which  consists 
in  heatine  the  sample  in  an  appropriate  apparatus  and  noting  at  what  temperature 
the  sample  gives  off  inflammable  vapors.  Thus  kerosene  oil  has  a  flash  test  of  45°C. ; 
that  is,  its  vapors  should  not  ignite  until  the  oil  is  heated  to  that  temperature. 

On  the  other  hand  the  flash  test  of  astral  oil  is  about  150*^0. 

The  fiorst  distillate  of  these  bodies  is  always  impure,  and  must  be  purified  by 
treatment  with  sulphuric  acid  and  redistillation. 

The  pharmaceutic  products,  liquid  petrolatum  and  petrolatum,  are 
obtained  from  the  residue  after  distillation.  This  residue  is  distilled  in 
vacuo,  and  according  to  its  consistence  forms  hard  or  soft  petrolatum, 

87 
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the  latter  having  been  introduced  by  Robert  Chesebrough  in  1871  under 
the  name  of  ^'vaaeline.^^  If,  on  the  other  hand,  the  purified  residue  is 
chilled  and  then  expressed,  the  limpid  oil  flows  out,  forming  liquid  petroU 
(Uum,  U.S.P.,  while  the  residue  is  the  commercial  paraffin.  The  puri- 
fication in  each  case  is  accomplished  by  filtration  through  animal  charcoal. 
White  petrolatum  is  a  specially  purified  form  of  petrolatimi,  preferably 
made  from  Russian  petroleum. 


PETROLATUM  LIQUIDUM— Liquid  Petrolatum 
(Petrolat.  Liq. — ^Liquid  Paraffin — ^Mineral  Oil) 

A  mixture  of  liquid  hydrocarbons.  Preserve  it  in  well-Kslosed  containers,  protected 
from  light. 

Summarized  Description. 

Two  varieties.  The  heavy  has  sp.  gr.  0.875  to  0.905 ;  viscosity  number.  3.1;  the  lights 
sp.  gr.  0.830  to  0.870;  viscosity  number,  3.  ^  Both,  are  colorless  oily  liquids :  little  fluor- 
escence: faint  petroleum  odor  on  heating^  insoluble  in  water  and  alcohol;  soluble  in 
ether,  cnloroform,  petroleum  benzin  and  m  fixed  and  volatile  oils;  dissolves  camphor, 
menthol  and  thymol.     For  details  see  U.S. P.,  p.  314. 

For  teste  for  identity ,  for  impurities:  solid  paraflBjis  (remains  clear  on  chilling). 
Acida  (alcohol  boiled  with  it,  neutral  to  litmus).  Carbonizable  matter  (does  not 
darken  mixture  of  sulphuric  and  nitric  acid).  Sulphur  compounds  (not  darkened 
on  heating  with  an  lukaline  solution  of  lead  oxide  and  denydrated  alcohol)  see 
U.S.P.,  p.  315. 

Viscosity  Test. — Based  on  speed  of  flow  of  the  liquid  from  a  50-mil  pipette.  For 
details  see  U.S.P. 

Remarks. — ^Liquid  petrolatum  is  used  for  two  purposes.  It  was  origi- 
nally introduced  into  medicine  as  a  basis  of  atomizing  fluids  used  in  nose 
and  throat  troubles,  in  which  antiseptics  such  as  menthol,  thymol,  etc., 
were  dissolved  in  the  fluid.  Of  late  years  it  has  come  into  enormous 
use  as  a  laxative.  For  the  latter  pmpose  a  heavy  liquid  possessing  con- 
siderable viscosity  is  required,  whereas  in  atomizing  a  light  fluid  of  low 
viscosity  is  indicated.  The  monograph  of  the  present  pharmacopoeia 
provides  for  both  kinds  and  also  gives  a  viscosity  test  (see  above)  which 
is  worthy  of  study. 

The  best  type  of  heavy  liquid  petrolatum  is  known  in  commerce  as 
Russian  white  oil  or  liquid  albolene. 

PETROLATUM— Petrolatum 
(Petrolat. — Petrolatum  Ointment — Petroleum  Jelly) 

A  purified  mixture  of  seminsolid  hydrocarbons  obtained  from  petroleum. 

Summarized  Description. 

Unctuous  mass;  yellow  to  light  amber;  only  slightly  fluorescent;  insoluble  in  water; 
almost  insoluble  in  alcohol  or  in  cold  dehydrated  alcohol;  soluble  in  ether,  chloroform, 
carbon  disulphide,  oil  of  turpentine,  petroleum  benzin,  benzene  and  volatile  and 
fixed  oils;  sp.  gr.  0.820  to  0.865;  melts  between  38"  and  64''C.  For  details  see  U.S.P., 
p.  314. 

For  tests  for  identity ^  for  impiiriiies:  acids  and  alkalies  (aqueous  extract  neutral  to 
Jitmus).  Fixed  oils,  fats  or  rosin  (digested  with  alkaline  solution  and  then  made 
acid,  no  oil  or  fat  separates)  see  U.S.P.,  p.  314. 

Remarks. — Petrolatum  is  commonly  known  as  petroleum  jelly  and 
appears  in  commerce  imder  the  trade  names  of  vaseline,  cosmoline, 
saxolinef  etc. 
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PETROLATUM  ALBUM— White  Petrolatum 
(Petrolat.  Alb.— White  Petroleum  Jelly) 

Petrolatum  decolorized  or  nearly  so. 

Summarized  Description. 

White  or  faintly  yellow  unctuous  mass;  completely  amorphous;  transparent  in 
thin  layers  after  cooling.     Otherwise  like  petrolatum.     For  details  see  U.S.P.,  p.  314. 

Remarks. — White  petrolatum  represents  a  special  form  of  soUd  petro- 
latum obtained  from  Russian  petroleum.  It  was  originally  introduced 
in  this  country  imder  the  name  of  albolene.  Since  the  European  War,  the 
Russian  product  has  become  very  scarce  in  this  country  and  fairly  satis- 
factory American  substitutes  have  been  put  upon  the  market.  Most  of 
these  meet  the  requirements  of  the  present  pharmacopoeia. 

A  cheap  form  of  white  petrolatimi,  made  by  dissolving  paraffin  in 
liquid  petrolatum  in  varying  quantities,  has  been  put  on  the  market. 
This,  however,  should  never  be  used,  as  on  standing  it  invariably  becomes 
lumpy^  due  to  separation  of  the  paraffin. 

These  petroleum  jellies  are  used  as  ointment  bases,  possessing  over 
lard  and  other  fats  the  great  advantage  of  not  turning  rancid.  Because 
of  their  greasy  character,  these  jellies  are  usually  grouped  among  the 
animal  and  vegetable  fats,  but  from  these  the  petroleum  products  differ 
entirely,  the  latter  being  the  glycerin  derivatives  of  oleic,  stearic,  and 
palmitic  acids;  their  rancidity  is  due  to  their  decomposition  with  libera- 
tion of  the  fatty  acids  just  named.  This  is,  of  course,  impossible  with 
petrolatum,  which  is  a  mixture  of  the  hydrocarbons,  and,  Uke  all  hydro- 
carbons, are  not  easily  decomposed,  even  by  chemicals.  In  fact,  the 
halogens  are  about  the  only  substances  which  will  combine  directly  with 
the  hydrocarbons. 

This  chemical  stability  is  of  great  advantage  in  so  far  as  the  absence 
of  rancidity  is  concerned,  but,  on  the  other  hand,  in  making  ointments, 
its  stability  is  in  some  cases  disadvantageous.  Thus,  physicians  some- 
times prescribe  alkalis  with  fats,  with  the  intention  of  securing  a  form  of 
soap.  If,  instead  of  the  animal  or  vegetable  fat,  the  physician  prescribes 
a  petrolatum  product,  the  same  results  are  not  obtained  and  an  unsightly 
mixture  occurs.    An  example  of  this  is  foimd  in  prescriptions  (p.  952). 

Another  .drawback  to  the  use  of  petroleum  jeUy  as  an  ointment  base 
is  the  fact  that  it  is  by  no  means  as  easily  absorbed  by  the  skin  as  are  the 
animal  or  vegetable  fats. 

Petroz  Preparations. — Ointment  bases  consisting  of  petrolatum  emulsified  with  a 
soap  made  from  ammonia  and  oleic  acid  now  enjoy  considerable  popularity.  These 
are  described  on  pp.  267  and  337. 

PARAFFINUM— Paraffin 
(Parafif.) 

A  purified  mixture  of  solid  hydrocarbons  usually  obtained  from  petroleum. 

Summarized  Description. 

Colorless  or  white,  more  or  less  translucent  masses;  deposits  crystalline  from  solu- 
tions; insoluble  in  water  or  alcohol,  slightly  soluble  in  dehydrated  alcohol;  soluble  in 
the  solvents  mentioned  under  petrolatum;  sp.  gr.  0.900;  melts  between  50**  and  57°C.; 
ignites  on  strong  heat,  depositmg  carbon ;  not  afifected  by  cold  concentrated  sulphuric 
or  nitric  acid.     For  details  see  U.S.P..  p.  309. 

For  tests  for  identity f  for  impurUies:  acids  (hot  alcoholic  extract  does  redden  litmus 
paper)  see  U.S.P.,  p.  310. 
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Remarks. — Paraffin  consists  of  the  hydrocarbons  from  C24Heo  to 
C27H66,  or  possibly  four  times  the  formula  just  given.  It  has  of  ^late 
come  into  extensive  use  for  such  purposes  as  making  wax-paper,  candles, 
and  for  the  poUshing  of  floors  and  other  wood. 

Like  the  Uquid  and  soft  petrolatums,  it  is  practically  impervious  to 
ordinary  chemicals.  It  can  even  be  boiled  with  concentrated  sulphuric 
acid  without  any  change  in  its  properties,  this  test  being  employed  in 
examining  beeswax  to  see  if  adulterated  with  paraffin  (p.  669). 

Ceresin  is  a  purified  form  of  ozokerite,  a  paraffin-like  substance  mined 
in  Galicia. 

Ichthyol,  (N.N.R.)^or  ammonium  ichthyol  atdphonaUy  is  a  product  obtained  by  the 
distillation  of  "asphalt  stone"  a  bituminous  shale,  found  in  iVrol.  The  distillate  is 
sulphonated  by  treatment  with  concentrated  sulphuric  acid,  ancl  is  then  converted  into 
the  ammonium  compound.  Commercial  ichthyol  is  an  aqueous  solution  of  the  above 
compound  and  contains  about  60  per  cent,  of  a  mixture  of  ammonium  ichthyat  sul- 
phonate  and  of  ammonium  sulphate.  It  contains  about  19  per  cent,  of  sulphur.  It 
IS  used  largely  in  the  treatment  of  skin  diseases,  both  internally  and  externally.  Dose, — 
3  to  30  mmims. 

The  compounds  of  methane  of  pharmaceutic  interest  are: 

Methyl  chloride CH,C1. 

Chloroform,  U.S.P CHCI3. 

Bromoform,  U.S.P CHBr,. 

Iodoform.  U.S.? CHI3. 

Methyl  alcohol CH,OH. 

Formic  acid,  N.F HCOOH. 

Formaldehyde HCHO. 

Solution  of  formaldehyde,  U.S.P.,  contains  37  per  cent HCHO. 

Paraformaldehyde,  U.S.P (HCHO)«. 

Methyl  saUcylate,  U.S.P CHjCjHjOi. 

Methyl  Chlaride  (CHjCl). — This  is  made  by  treating  methyl  alcohol  with  hydro- 
chloric acid  in  the  presence  of  zinc  chloride  (Grove's  method),  the  zinc  chloride  being 
used  as  a  dehydrator — ^that  is,  to  remove  the  water.  It  is  now  produced  commercially 
from  schlempy  or  the  refuse  in  the  beet  sugar  manufacture.  Methyl  chloride  is  a 
colorless  gas,  and  is  put  upon  the  market  in  liquid  form  which  boils  at  22^C.,  made 
by  compressing  the  ^as,  and  is  used  as  a  solvent  in  perfumery  and  in  synthesis  of 
dye-stuffs.  Its  medicinal  use  is  for  the  purpose  of  producing  local  anesthesia,  by 
directing  it  in  a  stream  upon  the  part  desired  to  become  benumbed,  as  was  the  case 
in  rhigolene. 

CHLOROFORMXTM— Chloroform 

(Chlorof.) 

A  liquid  consisting  of  not  less  than  99  per  cent,  nor  more  than  99^4  per  cent.,  by 
weight,  of  CHCla  (119.39),  and  not  less  than  0.6  per  cent,  nor  more  than  1  per  cent, 
of  alcohol.  Preserve  it  in  well-stoppered  bottles;  in  a  cool  place,  protected  from  light. 
Caution:  Care  should  be  used  in  vaporizing  Chloroform  m  the  presence  of  a  ns^ed 
flame,  as  noxious  gases  are  produced. 

Summarized  Description, 

Clear,  colorless  mobile  liquid;  characteristic  ethereal  odor;  burning  sweet  taste; 
soluble  in  210  times  its  volume  of  water;  miscible  with  alcohol,  ether,  benzene,  petro- 
leum benzin  and  with  volatile  and  fixed  oib;  sp.  gr.  1.474  to  1.478;  volatilizes  at  low 
temperatures;  boils  at  Gl'^C;  not  inflammable  but  its  heated  vapor  bums  with  a 
green  flame.    For  details  see  U.S.P.,  p.  108. 

For  tests  for  identity,  for  impwrUtes:  chlorides  (cold  aqueous  extract  not  affected  by 
silver  nitrate).  Free  cnlorine  (aqueous  extract  not  colored  blue  with  potassium  iodide 
and  starch  paste).  Impurities  decomposable  by  sulphuric  acid  (does  not  color 
that  acid  when  shaken  with  it  in  a  cylinder).  Odorous  decomposition  products 
(the  acid  from  above  test  diluted  with  water  has  but  little  odor).  Chlorinated 
decomposition  products  (the  diluted  fluid  just  mention  is  not  affected  by  silver 
nitrate).    For  details  see  U.S.P.,  p.  109. 
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Remarks. — Chloroform  was  discovered  by  Dr.  Guthrie,  of  Jewetts- 
ville,  N.  Y.,  in  1831,  and  was  considered  merely  as  an  interesting  chem- 
ical specimen  until  fidPter  the  discovery  of  anesthesia  by  Long  in  1842,  and 
the  popularizing  of  the  discovery  by  Wells  (1844)  and  Morton  (18^) 
when  it  was  discovered  what  chloroform  could  be  used  for  that  purpose 
as  well  as  could  ether,  and  since  that  time  it  has  been  of  imtold  benefit 
in  alleviating  suffering  attendant  upon  surgical  operations. 

Chloroform  is  made  by  treating  alcohol  with  chlorinated  lime.  Chlo- 
rinated lime  is,  as  learned  on  p.  375,  a  loose  combination  of  chlorine  and 
the  alkali,  lime;  chlorine  acting  on  alcohol  gives  chloral,  as  will  be  learned 
on  p.  599,  and  chloral  in  contact  with  an  alkaU  gives  chloroform. 

As  this  method  of  manufacture  is  so  similar  to  that  of  chloral,  full 
explanation  of  the  process  had  best  be  left  until  we  consider  that  chemical. 
The.  same  applies  to  the  manufacture  of  a  very  pure  chloroform  by  treat- 
ment of  chloral  with  an  alkali. 

Of  recent  years  a  large  amount  of  chloroform  has  been  produced  by 
the  so-called  acetone  process,  patented  by  Michaelis,  in  which  acetone 
is  treated  with  chlorinated  lime  in  the  same  way  ad  in  the  alcohol  process, 
the  advantage  of  the  acetone  process  over  the  alcohol  process  being  that 
the  yield  is  very  good,  about  200  per  cent.,  and  the  product  much  purer 
than  that  yielded  by  the  alcohol  process.  Equation  showing  the  acetone 
process  is  as  follows: 

2(CH8),CO     +    3Ca(OCl),     =     2CHa,     +    2Ca(0H),     +     Ca(C,H,0,),. 

The  chloroform  for  anesthesia  is  always  purified  by  treatment  with 
sulphuric  acid  and  redistillation. 

Another  method  of  obtaining  absolutely  pure  chloroform  is  that  of  Pictet.  Chloro- 
form solidifies  at-80^C.,  whereas  all  the  other  impurities  are  solidified  at  -70^C. 
There  fore,  the  mixture  is  subjected  to  a  temperature  of  ~70^C.,  and  the  still  liquid 
chloroform  poured  off  from  the  frozen  impurities.     It  is  also  made  electrolytically. 

A  very  delicate  test  for  chloroform  is  the  so-called  isonitrile  reaction, 
this  consisting  of  treating  the  chloroformic  Uquid  with  an  amino-com- 
pound  (for  example,  aniline)  in  the  presence  of  an  alkaU,  when  the  disgust- 
ing odor  of  the  poisonous  gas,  phenyl  (or  some  other)  isonitrile  (CeHsNC) 
is  evolved.  This  test  is  interesting  as  being  equally  valuable  for  identi- 
f3ring  the  amines,  any  of  which  can  be  employed  in  place  of  aniline.  The 
equation  showing  the  reaction  is  as  follows: 

CeHfiNH,     +     CHCl,     +  3K0H     =     CHjNC     +     3KC1     +     3H,0. 

It  will  be  noticed  that  the  pharmacopoeia  permits  the  presence  of  1 
per  cent,  of  alcohol,  this  being  added  to  preserve  same,  it  being  found  that 
pure  chloroform  decomposes.  The  fact  that  chloroform  does  undergo 
decomposition  renders  it  necessary  for  the  pharmacist  to  assure  himself 
that  the  chloroform  he  dispenses  for  anesthesia  is  strictly  pharmacopceial, 
for  should  a  death  result  during  anesthesia,  one  of  the  first  things  done  by 
the  physician  is  to  investigate  the  purity  of  the  chloroform,  and  if  found 
impure,  it  will  prove  very  disastrous  to  the  reputation  of  the  pharmacist 
dispensing  same.  Hence  every  sample  of  chloroform  should  be  carefully 
tested  according  to  the  pharmacopceia  for  chlorinated  products  and  for 
empyreuma. 

A  very  simple  and  satisfactory  test  for  empyreuma  is  the  sulphuric 
acid  test:  when  a  layer  of  chloroform  is  poured  upon  pure  sulphuric 
acid,  no  coloration  should  take  place  at  point  of  contact.     A  simple  test 
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for  acidity  in  chloroform  is  the  fact  that  pure  chloroform  does  not  attack 
a  cork  of  a  container.  If,  therefore,  the  cork  softens  or  becomes  yellow, 
it  is  a  sure  indication  of  the  presence  of  acid.  Of  course,  the  accurate 
test  for  acidity  is  by  the  use  of  litmus-paper. 

Chloroform  allowed  to  vaporize  in  the  presence  of  artificial  light  or 
heat  becomes  oxidized,  the  reaction  being: 

CHCl,    +    O     =    HCl    +    COCU. 

/From\  (Phosgene) 

\  air    / 

Nidoux,  on  the  other  hand,  thinks  that  the  decomposition  of  chloro- 
form by  action  of  light  and  air  produces  carbon  monoxide.  Be  that  as  it 
may,  it  is  a  dictum  in  surgery,  that  chloroform  should  not  be  used  as  an 
anesthetic  in  cases  where  gas  light  is  employed. 

Besides  this  employment,  as  an  anesthetic  by  inhalation,  chloroform 
is  used  internally  as  a  sedative  and  externally  as  a  rubefacient. 

The  official  preparations  of  chloroform  are  the  water  (p.  176),  the 
liniment  (p.  266)  and  the  spirit  (p.  181). 

Dos6.— 3  decimils  (5  minims). 

BROMOFORMUM— Bromoform 
(Bromof.) 

A  liqiiid  consisting  of  about  96  per  cent.,  by  weight,  of  CHBrs  (252.77)  and  about 
4  per  cent,  of  dehydrated  alcohol.  Preserve  it  in  glass-stoppered  bottles,  in  a  cool 
place,  protected  from  light. 

Summarised  Description, 

Heavy,  transparent,  colorless  mobile  liquid;  ethereal  odor;  sweet  chloroform-like 
taste:  sp.  gr.  2.595;  slightly  volatile  at  oroinary  temperatures;  not  inflammable  as 
Uquia  but  vapors  are;  leaves  not  more  than  0.06  of  1  per  cent,  residue.  For  details 
see  U.S.P.,  p.  84. 

For  testa  for  identity ,  for  impvrities:  Free  acid  (aqueous  extract  neutral  to  litmus). 
Bromides  and  brominated  compounds  (aqueous  extract  not  made  opalescent  by  silver 
nitrate).  Free  bromine  (aqueous  extract  does  not  affect  potassium  iodide  and  starch 
paste) .  Acetone  (aqueous  extract  treated  with  ammonia  water,  iodine  and  ammoniimi 
iodide  does  not  yield  iodoform)  see  U.S.P.,  p.  84. 

Remarks. — ^This  oflBicial  is  made  by  treating  alcohol  or  acetone  with 
bromine  in  the  presence  of  an  alkali  and  distilling  the  bromoform  resulting 
from  the  reacting  liquid.  Bromoform  is  recommended  as  a  sedative, 
particularly  in  whooping-cough,  although  its  use  for  this  purpose  is  not 
devoid  of  danger. 

Dose. — 2  decimils  (3  minims). 

lODOFORMUM— Iodoform 

(lodof.) 

Triiodomethane  [CHIs  «  393.77]  usuallv  obtained  by  the  action  of  iodine  upon 
alcohol  or  acetone,  in  the  presence  of  an  alkali  or  alkah  carbonate.  Preserve  it  in 
well-Kilosed  containers,  in  a  cool  place,  protected  from  light. 

Summarized  Description, 

fine  lemon-yellow  powder  or  hexagonal  crystals;  peculiar  persistent  odor;  un- 
pleasant sweetish  taste;  almost  insoluble  in  water;  soluble  in  about  48  parts  of 
alcohol,  in  about  100  parts  of  glycerin,  in  about  15  parts  of  chloroform  and  in  about 
5.4  parts  of  ether;  also  soluble  in  carbon  disulphide  and  olive  oil;  melts  at  IIS'^C. 
and  volatilizes  at  higher  temperatures.    For  details  see  U.S. P.,  p.  228. 

For  tests  for  identity^  for  impurities:  (ash,  not  more  than  0.2  oi  1  per  cent.).  Mois- 
ture (not  more  than  1  per  cent.).    Soluble  coloring  matter  and  picric  acid  (aqueous 
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extract  colorless  and  not  bitter.)     Acids  and  alkalies  (aqueous  extract  neutral  to 
litmus)  see  U.S.P.,  p.  228. 

Remarks. — Iodoform  is  a  product  chemically  very  similar  to  chloro- 
form. 

Chloroform  is  trichlormethane;  iodoform  is  tri-iodomethane.  A 
graphic  comparison  may  be  useful: 

Methane.  Chloroform.  Iodoform. 

(CH4)  (CHCU)  (CHI.) 

H  H  H 

H— C— H  a— C— a  I~C— I 

H  •  CI  I 

Iodoform  is  made  by  treating  alcohol  with  the  iodine  in  the  presence 
of  an  alkali,  the  reaction  being  as  follows: 

(Alcohol).  Iodine.  lodal.  Hydriodic  acid. 

CHiOH         +        I,       =       CI,CHO         +  SHI. 

lodal.  Potassium  Iodoform.  Potassium 

hydroxide.  formate. 

CIjCHG         +        KOH         =        CHI,  +        HC(X)K. 

It  will  be  seen  in  the  above  reaction  that  only  three  of  the  eight  atoms 
of  iodine  einployed  are  converted  into  iodoform,  the  other  five  forming 
hydriodic  acid.  In  view  of  the  high  cost  of  iodine  such  waste  cannot  be 
permitted,  and,  therefore,  chlorine  is  passed  through  the  reacting  liquid, 
with  the  formation  of  HCl  and  liberation  of  iodine,  the  five  atoms  of 
which  are  in  time  converted  into  iodoform.  In  practice,  potassium  bicar* 
bonate  is  the  alkali  employed  in  the  above  reaction.  Iodoform  is  now 
liu^ely  made  by  electrolytic  methods. 

The  manufacture  of  iodoform,  by  the  way,  affords  an  excellent  test 
for  alcohol,  even  when  present  in  minute  proportions.  To  the  alcoholic 
liquid  is  added  a  grain  or  so  of  iodine  and  a  few  drops  of  solution  of  potassa, 
and  the  mixture  is  gently  warmed.  If  there  settles  out  a  yellow  precipi- 
tate of  the  characteristic  iodoform  odor,  the  liquid  contains  alcohol. 

Iodoform,  which  was  discovered  by  SeruUas  in  1822,  is  one  of  the 
most  valuable  antiseptics,  the  sole  objection  to  its  use  being  its  very 
disagreeable  odor.  Many  efforts  are  noted  in  pharmaceutic  journals  for 
masking  this  odor,  but  none  have  proved  satisfactory,  about  the  most 
successful  masker  being  coumarin.  Aromatized  iodoform  (N.F.)  is  a 
preparation  of  this  character. 

The  antiseptic  properties  of  iodoform  being  due  to  iodine,  several 
odorless  iodine  preparations  have  been  put  on  the  market  as  substitutes 
for  iodoform.  The  most  popular  of  these  iodoform  substitutes  are  iodol 
(p.  682)  and  aristol  (p.  724),  and  neither  of  these  can  approach  iodoform  in 
actual  percentage  of  iodine.  Iodoform  contains  96  per  cent,  of  iodine,  as 
an  estimation  of  the  molecular  weight  will  show,  while  iodol  contains  84 
per  cent,  and  aristol  contains  46  per  cent. 

Dose. — ^250  milligranunes  (4  grains). 

Carbon  TeiroMoridej  CCI4,  has  come  into  considerable  use  during  the  past  decade. 
It  is  made  by  passing  the  vapor  of  carbon  disulphide  over  carbon  heated  in  an  electric 
furnace  or  by  the  chlorination  of  chloroform,  iodine  being  employed  as  a  catalvtic 
agent.  It  is  a  volatile  liquid  having  the  specific  gravity  1.6084  at  9.5^C.  and  its 
vapor  is  poisonous.  It  is  used  as  a  fire  extinguisher,  and  as  an  ingredient  for  making 
benxin  non-flammable.  Its  use  in  cleansing  the  hair  ^ould  be  piohibited,  as  death 
has  resulted  from  its  employment  in  that  manner* 
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Methyl  alcohol  (CHsOH)  was  obtained  by  Robert  Boyle  in  1661  as  a  product  in 
the  destructive  distillation  of  woo^  Bv  reason  of  its  source  its  common  name  is 
tDood  cdcoholf  while  a  purer  form  of  wood,  alcohol  has  been  put  on  the  market  under 
the  trade  name  of  Columbian  methanol. 

Of  theoretic  interest  is  the  manufacture  of  wood  alcohol  from  methyl  salicylate! 
or  oil  of  wintergreen,  this  product  being  treated  with  sodium  hydroxide,  yielding 
sodium  salicylate  and  methyl  hydroxide  or  wood  alcohol  (p.  710). 

The  commercial  manufacture^  however,  is  by  the  destructive  distillation  of  wood. 
Wood  cut  into  billets,  placed  in  iron  retorts,  and  heated,  yields,  besides  gases,  a  tarry 
liquid  called  wood  vinegar,  or  crude  pyroligneoua  acid,  which  consists  of  a  mixture  of 
methyl  alcohol,  acetone,  acetic  acid,  and  a  large  number  of  other  products. 

To  the  crude  distillate,  lime  is  added  and  the  methyl  alcohol  and  acetone  are 
separated  from  the  calcium  acetate,  thus  formed,  by  a  second  distillation.  The 
methvl  alcohol  and  the  acetone  are  then  separated  from  each  other  by  careful  frac- 
tional distillation,  althoui^h  sometimes  chemicals,  such  as  calcium  chloride  are  used 
to  accomplish  the  separation. 

While  wood  alconol  is  a  useful  solvent,  its  toxic  properties  and  its  tendency  to 
produce  blindness,  even  when  applied  externally  has  resulted  in  the  prohibition  of  its 
use  in  medicinal  and  toilet  preparations. 

Methyl  ether  (CH3)tO,  is  unofficial,  and  is  mentioned  only  as  the  first  representa- 
tive of  the  class  of  ethers  regarding  which  full  explanation  will  be  given  when  con- 
sidering the  official  ether  (p.  592). 

Methyl  ether  is  made  by  treatins  wood  alcohol  with  sulphuric  acid,  and  is  quite 
popular  in  certain  sections  of  Ireland  as  a  tipple. 

Methyl  Salicylate. — ^This  is  the  first  representative  of  the  official 
esters,  and  is  official  in  three  forms:  (a)  The  synthetic  methyl  saUcylate; 
(6)  oil  of  wintergreen;  and  (c)  oil  of  sweet  birch,  the  two  last  mentioned 
being  natm'al  products,  consisting  chiefly  of  the  chemical  above  mentioned. 
It  is  more  convenient,  however,  to  consider  this  substance  under  the  head 
of  salicylic  acid,  hence  it  is  deferred  until  that  time  (p.  709). 

Formaldehyde  (HCHO). — ^This,  like  all  other  aldehydes,  is  produced 
by  the  oxidation  of  the  corresponding  alcohol,  which  in  this  case  is  methyl 
alcohol;  the  reaction  can  be  more  clearly  expressed  as  follows: 

HCHjOH     +    O     =     H,0     +    HCHO. 

The  usual  method  of  manufacture  of  aldehydes  from  alcohol  is  by 
the  oxidation  with  potassium  dichromate  and  sulphuric  acid,  but  in 
the  case  of  formaldehyde  oxidation  by  chemical  means  usually  does  not 
stop  at  formaldehyde,  but  is  apt  to  produce  formic  acid  or  even  to  spUt 
into  carbon  dioxide  and  water;  hence  the  oxidation  of  wood  alcohol  into 
formaldehyde  is  best  accompUshed  without  the  aid  of  chemical^,  and  is 
usually  performed  by  the  incomplete  combustion  of  methyl  alcohol.  If 
gaseous  formaldehyde  is  desired,  this  combustion  is  accomplished  by 
burning  the  formaldehyde  from  a  wick  and  covering  the  flame  with 
a  cone  of  platinum  wire.  Such  is  the  principle  of  most  of  the  formalde- 
hyde lamps  now  largely  used  for  purposes  of  disinfection.  The  same 
results  can  be  obtained  by  heating  wood  alcohol  in  a  flask,  and  as  the 
vapor  begins  to  rise,  immersing  therein  a  red-hot  platinum  spiral.  The 
commercial  method  of  manufacture  of  the  chemical  is  by  passing  the 
vapors  of  wood  alcohol  through  heated  tubes  containing  platinum  or  cop- 
per spirals. 

Formaldehyde  is  a  gas  of  very  pecuUar  pungent  odor,  and  is  placed 
on  the  market  in  aqueous  solution,  the  commercial  formalin  being  a  37 
per  cent,  (saturated)  solution  of  same.  This  is  now  official  as  liqitor 
formaldehydi. 

Formaldehyde  is  a  valuable  antiseptic,  hence  the  use  of  formaldehyde 
in  lamps  for  the  disinfecting  of  rooms  and  in  solution  as  a  food  preserva- 
tive.   The  latter  use  of  formaldehyde  is  prohibited,  inasmuch  as  experi- 
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ments  have  shown  that* formaldehyde,  even  in  minute  traces,  injures 
digestion. 

Formaldehyde  forms  with  gelatinous  substances  insoluble  compounds, 
and  for  this  purpose  is  employed  in  solidifying  glycerin  jelly  for  micro- 
scopic moimts,  and  since  hide  is  largely  gelatin,  formaldehyde  cail  be  em- 
ployed for  converting  same  into  leather.  The  tests  for  formaldehyde  are 
important  in  food  analyses  and  in  the  examination  of  grain  alcohol. 
Hehner's  test  is  based  on  the  violet  color  produced  when  minute  quantities 
of  ferric  chloride,  protein  and  formaldehyde  are  mixed,  while  in  Lfcach's 
method  of  detecting  formaldehyde  in  milk,  hydrochloric  acid  containing 
some  ferric  chloride  is  added  to  the  sample,  which  is  then  warmed,  when 
a  violet  color  indicates  formaldehyde.  Like  all  aldehydes  and  ketones,  a 
formaldehyde  solution  restores  the  color  of  a  fuchsin  solution  that  has 
been  bleached  with  sulphurous  acid.  This  fact  is  made  use  of  in  the  offi- 
cial test  for  wood  alcohol  in  grain  alcohol.     (See  p.  591.) 

From  formaldehyde  many  interesting  syntheses  have  been  made,  the  most  strik- 
ing of  which  'was  the  condensing  of  same  under  treatment  of  calcium  hydroxide  into 
formose  or  acrose,  a  variety  of  sugar  having  the  formula  of  CeHi206.  This  was 
accomplished  by  Jjowe  (1886),  and  gives  an  inkling  of  that  wonderful  method 
whereby  plants,  by  the  absorption  of  carbon  dioxide  from  the  air,  grow  from  a  seed 
to  the  large  ana  lusty  organism,  the  tree. 

The  entire  details  of  the  process  are  not  yet  fully  understood,  but  it  is  generally 
accepted  to-day  that  the  conversion  of  carbon  dioxide  into  other  carbon  compouncu 
is  accomplished  chiefly  by  the  intermediate  product,  formaldehyde. 

Plantis  absorb  carbon  dioxide  and  water,  and  in  these  two  bodies,  COs  and  HtO, 
we  have  the  elements  that  will  form  HCHO.  As  yet  this  synthesis,  this  building  up, 
has  not  been  artificially  accomplished,  nature  holding  the  secret  to  herself.  The 
next  step  in  the  process  has  been  accomplished  in  Loew's  synthesis.  Formaldehyde 
is  CHiO.  K  CHiO  is  multiplied  by  six,  the  result  is  CeHuOe.  Theoretically,  it 
seems  simple  to  convert  glucose,  CeHi206,  into  sugar,  C12H21O11,  as  explained  on  p. 
623,  and  likewise  to  convert  sugar  into  starch,  CeHioOs,  and  into  cellulose,  which 
has  the  same  proportional  formula  and  which  is  the  main  coni^ituent  of  woody  tissue. 

The  conversions  have  not  been  practicall^r  accomplished,  but  it  can  be  compre- 
hended as  plausible,  since  the  reverse  operation  has  oeen  done.  Cotton  or  starch 
treated  with  sulphuric  acid  will  yield  glucose. 

To  sum  up  tne  process  by  which  plants  grow : 

H20  and  COs  should  give  HCHO  formaldehyde. 
6HCH0  does  give  CeHisOe,  acrose,  a  form  of  glucose. 
Ci2H240i2(2CeHi20e— H2O)  should  give  C12H22O11  sugar. 
Ci,H220ii— H2O  should  give  C12H20O10  or  2CeHiiOj. 
(CeHioOfi)  is  the  formula  of  starch  and  cellulose. 

Strassburger,  after  extensive  microscopic  and  chemical  work,  decides  that  the 
ipethod  of  starch  formation  in  plants  is  not  as  simple  as  here  outlined.  He  claims 
that  very  intricate  intermediate  products  result,  which  is  very  Ukely,  as  nature 
rarely  performs  the  synthesis  in  a  direct  manner.  The  above  explanations  are,  there- 
fore, merely  approximate,  their  aim  being  to  impress  the  wonderful  manner  in  which 
plants  live  ana  mcrease  on  nutriment  drawn  almost  exclusively  from  the  air. 

LIQUOR  FORMALDEHTDI— Solution  of  Formaldehyde 

(Liq.   Formaldehyd.) 

An  aaueous  solution  containing  not  less  than  37  per  cent,  by  weight  of  CH2O  or 
H.COH  (30.02)  with  varying  amounts  of  methyl  alcohol  to  prevent  polymerization. 
Preserve  it  in  a  moderately  warm  place,  protected  from  Ught. 

Summarized  Descri'ption, 

Clear  colorless  hquid;  pungent  odor;  caustic  and  irritating;  miscible  with  alcohol 
and  water;  in  cold  and  on  standing  becomes  turbid  (paraformaldehyde  precipitates). 
For  details  see  U.S.P.,  p.  245. 
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For  tests  far  identity,  for  impurities;  free  acids  (not  more  than  1  mil  n  KOH  required 
to  neutralize  20  mib)  and  for  assay  see  U.S. P.,  p.  245. 

Remarks. — In  view  of  the  full  statements  as  to  formaldehyde  given 
on  the  preceding  page,  further  comments  are  not  necessary. 

PARAFORMALDEHYDUM— Paraformaldehyde 

(Paraform. — Paraform — Trioxymethylene) 

It  contains  not  less  than  95  per  cent,  of  (HCHO)s  (90.05),  a  polymeric  form  of 
formaldehyde.  Preserve  it  in  well-closed  containers  in  a  cool  place,  protected  from 
light. 

Summarized  Description, 

White  friable  masses  or  powder;  slight  formaldehyde  odor;  on  heating,  some  goes 
into  formaldehyde  and  some  sublimes;  soluble  in  water  and  in  fixed  alkali  solutions; 
insoluble  in  alcohol  or  ether.    For  details  see  U.S.  P.,  p.  310. 

For  tests  for  identity  and  for  assay  see  U.S.P.,  310  and  also  Part  V  of  this  book. 

Remarks. — ^This  polymer  of  formaldehyde  represents  3  molecules 
of  HCHO  condensed  into  one  molecule.  The  condensation  can  be  accom- 
pUshed  by  the  simple  expedient  of  cautiously  evaporating  the  official 
solution  of  formaldehyde. 

Paraformaldehyde  or  trioxymethylene  is  a  white  crystalline  powder, 
that  is  used  as  an  antiseptic  and  escharotic. 

Dose. — 500  milligrammes  (8  grains). 

Meihylal  HCH(0CH8)s. — This  substance  is  made  by  oxidizing  wood  alcohol  with 
manganese  dioxide  and  sulphuric  acid  and  distilling  the  mixture.  It  is  used  as  a 
hypnotic  in  doses  of  one  to  two  grammes. 

Acidum  Formicam  (N.F.)  or  formic  acid,  HCOOH,  was  discovered  by  Fischer 
and  Rav  in  1670,  they  finding  same  in  the  distillate  from  red  ants  {Formica  rufa). 
hence  the  name.  Some  claim  to  know  that  the  irritatine  substance  in  the  hairs  of 
the  stinging  nettle,  Urtica  dioica,  is  chiefly  formic  acid,  while  others  think  that  it  is 
an  enzyme. 

Potassium  cyanide  on  being  cooked  yields  potassiimi  formate.  This,  however, 
is  not  the  commercial  method  of  manufacture,  and  is  merely  suggested  as  a  warning 
that  pharmacists  should  never  use  heat  in  preparing  solutions  ofpotassium  cyanide. 
While  formic  acid  can  be  made  by  oxidation  of  methyl  alcohol,  it  is  usually  prepared 
by  heating  oxalic  acid  with  glvcerin,  the  distillate  bemg  practically  pure  formic  acid. 

Formic  acid  has  very  little  medicincd  and  pharmaceutic  use  but  its  salts,  the 
formates  are  now  in  considerable  use.  It  is  interesting  to  npte  that  it  is  a  reducing 
agent,  being  capable  of  producing  the  separation  of  metallic  silver  from  the  solution 
of  silver  nitrate.     It  is  the  only  acid  of  the  series  possessing  reducing  power. 

Formamide,  HCONH2,  produced  by  the  condensation  of  formic  acid  with  ammonia, 
is  the  basis  of  several  syntnetic  medicines.     (See  p.  600.) 

The  Methylamines — Of  these,  the  only  one  of  pharmaceutic  value  is  trimelkyU 
amine.  (CHs)sN.  This  body  was  introduced  into  the  market  under  the  name  of 
propylamine^  it  being  an  isomere  of  that  body  which  has  the  formula  CiHtNHi. 
It  IS  found  m  small  traces  in  arnica  root,  and  a  considerable  quantity  of  the  brine 
used  for  pickling  herring.  Its  commercial  source  is  beet  sugar  residues,  and  it  had 
considerable  vogue  for  rheumatism,  but  its  disagreeable  taste  prevented  its  general 
use.    DosC;  2  to  4  drops. 

BiBLIOGRAPHy 

Amines. — Meyer  and  Sicco.  A.,  180,  1875,  176. 

Natural  Gas.— Tanasecu,  C.  A.,  7,  1913,  2296;  Burrell  and  Seibert,  Jl.  Am.  Ch. 
Soc;,  37,  1915,  396. 

Petroleum. — (Source  and  origin)  Ipat'ev,  C.  A.,  6,  1912,  678;  Breger.  C.  A^  6, 
1912,  678;  Anon.,  C.  A.,  6.  1911,  3728;  Anon.,  C.  A.,  5,  1911,  2472;  Holde,  Jl.  Ind. 
Eng.  Ch.,  6,  1914,  35.  (History)  Redwood,  Jl.  Soc.  Ch.  Ind.,  27,  1908,  779.  (Ckssi- 
fication)  Holde,  C.  A.,  6,  1912,  1983. 

Benzine. — (Source  and  manufacture)  Raubenheimer,  Dr.  Circ,  52,  1908,  421. 
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Liquid  Peirolatum. — (Ck>mposition)  Krajenski,  G.A.,  5,  1911,  3620.  (Properties) 
Gane,  Jl.  A.Ph.A.,  4,  1916,  792.  (Uses)  Hilton,  Jl.  A.Ph.A.,  3,  1914,  577:  Wilbert 
A.J.P.,  86,  1914,  150. 

Petrolatum, — (History  and  manufacture)  Miller,  A.J.P.,  46,  1874,  4;  Stacey, 
A.Ph.A.,  23,  1875,  630.  (Composition)  Mabery,  Am.  Acad.  Arts.  Sci.,  40,  1904, 
340  and  361. 

PeiTox  Prcparo^ioiw.— Wilbert,  A.J.P.,  73,  1901,  220;  Beringer,  A.J.P.,  83, 
1911,  243. 

Paraffin, — (Manufacture  and  properties)  Stacey,  A.Ph.A.;  23,  1875,  629. 
(Composition)  Pawlewski,  B.,  23,  1890,  327. 

Ccresin.— Shotsky,  Am.  Dr.,  19,  1890,  173. 

Ichthyol — Hayek,  A. Ph. A.,  66,  1908,  305;  Beckurts  and  Prerichs,  Arch.  d. 
Pharm..  260,  1912,  478;  Passmore,  Yearb.  A.Ph.A.,  1,  1912,  318. 

Methyl  CWoride.— (Manufactare)  Groves,  Jl.  Ch.  Soc,  27,  1874,  641 ;  Vincent,  J. 
B.,  2.  1878,  1134. 

CWoroform.— (History)  Guthrie,  West.  Dr.,  16,  1894,  57.  (Manufacture)  Dott, 
Ch.  and  Dr^  72,  1908,  299;  Frerichs,  Jl.  Ind.  Eng.  Ch.,  4,  1912,  346  and  406;  Dott, 
Jl.  Soc.  Ch.  Ind.,  27, 1908, 271 ;  Squibb,  Jl.  Am.  Ch.  Soc,  18,  1896, 237.  (Purification) 
Pictet,  Jl.  Soc.  Ch.  Ind.,  11,  1892,  59.  (Properties  and  tests)  Squibb,  A.J.P., 
29,  1857,  430;  Hofmann,  B..  3,  1869,  769;  Schrool  and  Van  den  Berg,  B.  ph.  Ges., 
15,  1905,  387;  Iterson  and  Fischer,  Ph.  Zt.,  34,  1889,  221.  (Uses  and  action)  Anon., 
Nat.  Dr.,  39,  1909,  209;  Nicloux,  Comp.  rend.,  150,  1910,  1777. 

Anesthesia, — (Discovery)  Jacobs,  A.Ph.A.,  46,  1897,  316. 

Bromoform, — Guenther,  Am.  Dr.,  16,  1887,  204. 

Iodoform: — (History)  Engelhardt,  Am.  Dr.,  55, 1909,  73.  (Manufacture)  Caspari, 
A.Ph.A.,  54,  1906,  326;  Lieben,  Am.  Dr.,  19,  1890,  173.  (Properties)  Laflforg,  Meyer 
Bros.  Drug,  31,  1910,  105. 

Carbon  Tetrachloride. — (Manufacture)  Anon.,  Am.  Dr.,  55,  1909,  9.  (Uses) 
Robinson,  C.  A.,  5,  1911,  233;  Raubenheimer,  A.Ph.A.,  51,  1903,  426;  Waller, 
C.  A..  3,  1909,  584. 

Methyl  iiteo^i.— (History)  Vogel,  Ch.  Zt.,  32,  1908.  651.  (Manufacture)  Hawley 
and  Palmer,  Bull.  U.  S.  Dept.  Agr.,  No.  129;  Frencn  and  Withrow,  Jl.  Ind.  Eng. 
Ch.,  7,  1915,  47;  Greer.  Forest  Service  Bull.  U.  S.  Dept.  Agr.,  No.  114.  (Uses  and 
dangers)  Baskerville,  Jl.  Ind.  Eng.  Ch.,  5,  1913,  768;  Loewy,  Jl.  A.M.A.,  63,  1914, 
915;  Tyson  and  Schoenberg,  Jl.  A.M.A.,  63,  1914,  915. 

Methyl  Ether,— Anon.,  Am.  Dr.,  19,  1890,  226. 

Fomuddehyde. — (History  and  source)  Moore  and  Webster,  Jl.  A.M.A.,  61, 
1913,  2305;  Curtius  and  Franzen,  B.,  45,  1912.  1715;  Schryver,  A.  Ph.  A.,  58,  1910, 
332.  (History  and  manufacture)  Hofmann.  Cfh.  News,  17.  1868,  63  and  82;  Tollens 
and  Mayer,  B.,  21,  1888,  3507;  Vorisek,  Jl.  Soc.  Ch.  Ind.,  28,  1909,  823;  Tollens, 
Jl.  Soc.  Ch.  Ind.,  15,  1896.  290.  (Properties  and  uses)  Bird,  Ph.  Jl.  57,  1896,  269. 
(Tests)  Hehner,  Leonard.  Analyst,  21,  1896,  157.  (Condensations)  Loew,  Jl.  prakt. 
Ch.,  33,  1886,  321;  Borkomy,  C.  A.,  6,  1912,  241;  Strassburger,  Times'  Lectures, 
1886,  180. 

Methylal. — Manufacture  and  properties)  Personali,  Jl.  de  ph.  et  ch-,  16,  1887,  33. 
(Uses)  Mairet  and  Combemalle,  A.Ph.A.,  36,  1888,  499. 

Formic  Acid, — (Sources)  Gorup-Besanez.,  A.J.P.,  22,  1850,  181 ;  Gaillard,  A.J.P., 
60,  1878,  116;  Haberlandt,  A.J.P.,  58,  1886,  252.  (Manufacture)  Fell,  A.J.P.,  30, 
1850,  218;  Berthelot,  A.J.P.,  28,  1866,  667. 


CHAPTER  XXXVII 

ETHANE  DERIVATIVES 

The  derivatives  of  ethane  of  phannaceutic  value  are: 

Ethyl  chloride,  U.S.P CtH,Cl. 

Alcohol,  U.S.P. C,H,OH. 

Ether,  U.S.P (C,H,),0. 

Ethyl  sulphate (CaH»),S04. 

Ethyl  nitrite CiHsNO,. 

(in  spirit  of  nitrous  ether,  U.S.P.). 

Ethyl  acetate, CiH»CaHaO,. 

Ethyl  carbonate,  U.S.P C,H»NHtCOi. 

(described  among  the  urea  derivatives). 
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Aldehyde CH,CHO. 

Paraldehyde,  U.8.P (CH,CHO),. 

Chloral  hydrate,  U.S.P CCl,CHO  +  H/). 

Chloral  formamide CCl,CH(OH)(NHCOH). 

Acetic  acid,  U.S.P .CH,COOH. 

Sodium  cacodylate,  U.S.P Na(CHt)sAsOs 

Trichloracetic  acid,  U.S.P CCl.COOH 

Oxalic  acid (COOH)t. 

JETHYLIS   CHLORTOUM— Ethyl   Chloride 

(iBthyl.  Chlor.) 

Monochlorethane  [C»H*C1  or  CHaCHjCl  =  64.50].  Preserve  it  in  hermetically 
sealed  containers,  in  a  cool  place,  remote  from  fire,  and  protected  from  light. 

Summarized  Deacripiian, 

Colorless  mobile  very  volatile  liquid  at  low  temperatures  or  imder  pressure;  boils 
between  12**  and  13^C.:  vapor  very  mflammable;  bums  with  a  smoky  greenish  flame 
producing  hydrogen  chloride.     For  details  see  U.S.P.,  p.  34. 

For  testa  for  identity,  for  impurities:  hydrochloric  acid  (alcohol  solution  not  made 
turbid  on  adding  silver  nitrate).  Alcohol  (aqueous  extract  not  oxidized  to  aldehyde 
by  potassium  dichromate  and  sulphuric  acid)  see  U.S.P.,  p.  34. 

Remarks. — Ethyl  chloride  is  made  by  treating  alcohol  with  hydro- 
chloric acid  gas.  It  qan  also  be  made,  as  already  explained,  as  all  other 
halogen  derivatives  of  the  hydrocarbons,  by  treatment  of  the  appropriate 
hydrocarbon  (in  this  case,  ethane)  with  the  proper  halogen  (in  this  case, 
chlorine). 

Ethyl  chloride  is  so  volatile  that  it  can  be  kept  in  its  liquid  form  only 
when  under  heavy  pressure  in  sealed  tubes.  Note  that  the  vapor  is  in- 
flammable and  must  be  kept  away  from  a  flame.  It  is  used,  under  such 
trade  names  as  keUrie,  as  a  local  anesthetic  (as  described  imder  Rhigolene, 
p.  577),  and  is  now  being  employed  either  by  itself  or  in  combination 
with  chloroform  or  ether  as  a  general  anesthetic. 

DiMor-ethylene,  CsHsCli  and  other  chlorinated  compounds  of  ethane  and  eth- 
ylene, such  as  CsHCls,  C2CI4,  CjHsCU  and  CaHCU  are  now  in  considerable  use  as  non- 
mflammable,  non-explosive  solvents.  Dichlor-ethylene  has  been  recommended  aa 
a  solv^it  for  iodine; '  I.D.E. "  being  a  2.48  per  cent,  solution  of  iodine  in  that  solvent. 

Ethyl  hydroxide  (CsHsOH)  has  been  known  from  the  earliest  times 
in  the  form  of  alcoholic  hquids,  one  of  the  first  references  being  the  well- 
known  story  of  Noah  and  his  vineyard. 

The  isolation  was  first  performed  by  Rhazes  (tenth  century),  and  the 
name  alcohol  was  first  appUed  in  the  thirteenth  century,  the  name  being 
of  Arabic  origin. 

Passing  over  the  several  syntheses  of  alcohol,  it  may  be  said  that  most 
commercial  alcohol  is  made  by  the  fermentation  of  substances  containing 
starch  or  sugar.  If  dilute  watery  preparations  of  starch  and  sugar  are 
allowed  to  stand,  the  spores  of  the  yeast  plant,  Saccharomyces  cerevisicB, 
present  in  the  air,  locate  in  same  and  begin  to  grow,  the  process  of  the 
plant's  assimilation  producing  in  saccharine  liquid  the  chemical  change 
called  fermentaiian.  It  was  formerly  considered  that  the  chemical  change 
could  be  induced  only  by  the  actual  process  of  plant  life,  but  it  is  now 
known  that  the  fermentation  is  entirely  due  to  the  chemical  action  of  the 
pjrotoplasm  of  yeast.  The  reaction  of  the  fermentation  expressed  in 
simplest  form  is  as  follows: 

C,H„06     =    2C,H*0H    +    2C0„ 
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but  the  real  process  is  far  more  complicated,  as  is  evidenced  by  the  large 
number  of  side-products  of  fermentation,  such  as  glycerin,  succinic 
acid,  and  amylic  alcohol,  invariably  found  in  the  fermented  liquid.  In 
order  to  obtain  alcohol  it  is  necessary  to  subject  the  fermented  liquid 
(usually  called  the  mash)  to  distillation.  Of  late  years,  alcohol  has  b^n 
made  from  sawdust,  by  converting  the  cellulose  thereof  into  glucose  by 
action  of  sulphurous  acid  under  pressure  and  subsequent  fermentation 
of  the  glucose  thus  produced. 

Wines  are  made  by  the  fermentation  of  the  Juice  of  grapes  and  eventual  clarifica- 
tion of  the  same.    Vrntun  Album  (U.S.P.  VIII)  or  while  vrine  is  made  by  fermenting 
the  juice  of  the  grape,  freed  from  the  skins;  while  ^\^um  Rubrum 
(U.S.P.  VIII)  or  red  wine  is  obtained  by  the  fermentation  of  the 
juice  of  the  red  grapes  in  the  presence  of  the  skins. 

Champagne  deserves  passmg  comment.  This  represents  white 
wine  contaming  from  8  to  9  per  cent,  of  iJcohol,  which  is  carbon- 
ated with  carbon  dioxide  generated  during  the  process  of  fermenta- 
tion. The  sweetened  wme  with  a  minute  quantity  of  yeast  is 
placed  in  tightly  stoppered  bottles,  which  are  inverted  on  a  rack 
and  left  in  a  room,  tne  temperature  of  which  favors  fermentation. 
When  the  fermentation  has  Ireached  the  proper  stage — ^which  is  de- 
termined by  experience — ^the  wine  is  left  to  cool  for  several  months, 
during  which  time  the  sediment  collects  in  the  neck  of  the  bottle 
while  the  gas  collects  at  the  inverted  bottom.  When  completely 
settled,  an  expert  workman  passes  from  bottle  to  bottle,  drawms  out 
the  corks  for  a  period  long  enough  to  remove  the  sediment  without 
serious  loss  of  the  other  contents.  The  product  is  then  corked 
securely  and  sent  to  market.  It  can  readily  be  seen  that  the  opera- 
tion of  removing  the  sediment  is  exceedin^y  delicate,  and  can  be 
accomplished  only  by  failure  to  produce  this  result  on  a  large  num- 
ber of  bottles.  This  loss  plus  the  loss  of  breakage  of  bottles  during 
process  of  fermentation  gives  the  real  reason  for  the  high  cost  of 
champagne. 

Beer, — This  is  the  product  of  the  fermentation  of  malt,  hops  be- 
ing added  to  give  the  product  a  characteristic  taste.  The  ordinary 
lager  beer  contains  3  to  4  per  cent,  of  alcohol;  the  dark,  heavy  Mun- 
ich beer  contains  8  per  cent,  of  alcohol,  while  the  so-called  Berlin  or 
Weiss  beer  contains  only  2  per  cent.,  which  amount  is  too  small  to 
effect  complete  presentation  of  the  product,  hence  it  must  be  fresh 
when  dispensed. 

Spiritus  Frumenti  (U.S.?.  VIII)  or  whisky  is  a  product  of  distilla- 
tion of  the  mash  of  fermented  grain,  usually  of  a  mixture  of  com, 
wheat,  and  rye,  and  at  least  four  years  old.  Whisky  contains  from 
37  to  47.5  per  cent,  of  aJcohol  by  weight.  It  should  be  four 
years  old,  because  some  of  the  side-products  (fusel  oil,  for  example) 
are  deleterious,  but  on  aging  four  years  this  fusel  oil  will  have 
combined  witn  the  other  constituents  of  whisky  to  produce  an 
aromatic  substance  which  in  itself  is  practically  harmless.  .,.    „« .     „    ., 

Spiritus  Vhii  GalUci  (U.S.P.  VIII)  or  brandy  is  obtained  by  the  f^?i   ooTumfT 
distillation  of  the  fermented,  unmodified  juice  of  fresh  grapes,  and  Longitudiiukl  seo- 
at  least  four  years  old.     It  should  contam  39  to  47  per  cent,  by  *»o°- 
weight,  of  alcohol,  and  should  be  four  years  old. 

The  deletion  of  whiskv  and  brandy  from  the  present  pharmacopceia  caused  con* 
siderable  controvers^r.  Their  rejection,  based  upon  the  difficulty  of  devising  ac- 
ceptable teste  for  purity,  became  the  subject  of  discussion  by  the  public  press  and  by 
temperance  advocates. 

Alcohol  is  obtained  by  the  redistillation  of  whisky,  the  fusel  oil, 
glycerin,  and  other  extraneous  matter  being  separated  from  same  by 
the  process  called  dephlegmation.  This  long  word  had  been  bequeathed 
us  by  the  alchemists,  whose  favorite  treatment  of  a  substance  was  to 
submit  it  to  distillation.  If  a  portion  thereof  was  volatile,  the  same 
was  called  spirit,  while  the  less  volatile  portion  which  was  left  behind 
was  called  phlegm.     To  produce  this  spirit  (alcohol)  it  was  necessary 
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to  remove  same  from  the  phlegm  and  the  process  was  called  dephleg- 
mation.  This  is  accomplished  by  heating  the  whisky  in  an  appro- 
priate still  body,  and  making  the  vapors  rise  through  a  tall  tower  or 
column  before  diverting  same  into  the  condensing  worm.    This  tower  or 

column  apparatus  is  generally  provided 
with  a  series  of  projections,  which  con- 
dense the  less  volatile  portions,  permitting 
the  passage  only  of  the  pure  alcohol.  A 
glass  dephlegmator  for  smaller  operations  of 
the  laboratory  is  shown  in  Fig.  236.  Alco- 
hol is  official  in  three  different  forms. 

ALCOHOIr— Alcohol 

A  liquid  containing  not  less  than  92.3  per  cent, 
by  weight  or  94.9  per  cent,  by  volume,  at  16.6®C., 
of  CaH4.0H  (46.05).  Preserve  it  in  well-closed  con- 
tainers, in  a  cool  place,  remote  from  fire. 

Summarized  Deacriptian, 

Colorless,  mobue,  volatile  liouid;  characteristic 
odor;  bumins  taste;  miscible  witn  water,  ether  and 
chloroform;  does  not  affect  litmus;  sp.  gr.  0.816  at 
60°F.  and  0.810°  at  26**C.;  boils  at  78*^0.;  bums  with 
a  blue  flame.    For  details  see  U.S.P.,  p.  36. 
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Fig.  235. — Rectifying  still,  with  column  and  condenaen. 

For  tests  for  identity y  for  impurities:  fusel  oil  (mixed  with  glycerin,  leaves  no  odor 
on  blotting  paper).  Amyl  alcohol,  etc.  (neither  opalescent  nor  faint  brown  with  silver 
nitrate).  Aldehvde  or  oak  tannin  (not  immediately  yellow  with  potassiimi  hydrox- 
ide).    Methyl  alcohol  (no  formaldehyde  reaction  with  sulphuric  acid  and  fuchsin- 

sulphurous  acid  reagent,  when  it  is  diluted  and  oxidized  with  acid  per- 
manganate). Acetone  (sodium  hydroxide,  sodium  nitroprusside  and 
acetic  acid  give  no  purple  color.)     (See  U.S.P.,  p.  36.) 

Remarks. — ^This  represents  the  most  concentrated  form 
of  ethyl  hydroxide  which  can  be  produced  by  the  simple 
process  of  dephlegmation.  It  contains  92.3  per  cent.,  by 
weight  (94.9  per  cent.,  by  volume),  of  ethyl  hydroxide  and 
is  practically  the  deodorized  alcohol  of  the  pharmacopoeia 
of  1890. 

It  is  very  important  to  be  able  readily  to  determine  the 
strength  of  any  individual  sample  of  alcohol  on  hand,  and 
this  is  usually  accomplished  by  means  of  that  form  of 
^Sphi^matorf  hydrometer  called  the  alcoholometer  (already  described  on 

p.  51),  which  is  usually  provided  with  a  scale  which  not 
merely  reads  its  specific  gravity,  but  also  the  actual  percentage  of  alcohcl  in 
the  sample.  Of  course,  the  strength  can  be  ascertained  by  taking  the 
specific  gravity  in  any  other  manner,  in  which  event,  however,  reference 
must  be  had  to  the  alcohol  table  foimd  in  the  pharmacopoeia.     (See  U.S.P.) 
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It  will  be  noticed  that  the  pharmacopcBial  monograph  includes 
a  test  for  wood  alcohol.  This  is  based  upon  the  fact  that  grain 
alcohol  treated  with  a  dilute  acidulated  permanganate  solution  does  not 
oxidize  to  aldehyde,  while  wood  alcohol  so  treated  yields  formaldehyde. 
The  fuchsin-sulphurous  acid  reaction  given  in  the  test  shows  the  pres- 
ence of  formaldehyde.    (See  p.  585.) 

ALCOHOL  DEHYDRATUM— Dehydrated  Alcohol 
(Alcohol  Dehyd.— Alcohol  Absolutum  U.S.P.  VIII) 

A  liquid  containing  not  less  than  99  per  cent,  by  weight  of  C2Ht.0H  (46.05). 
Preserve  it  in  well-closed  containers,  in  a  cool  place,  remote  from  fire. 

Summarized  Description, 

Colorless,  mobile,  volatile  liquid;  characteristic  odor;  burning  taste^  very  hygro- 
scopic; sp.  gr.  0.790  at  25^C;  otherwise  like  alcohol.     For  details  see  U.S.P.,  p.  36 

For  tests  for  identity,  for  impurities:  Water  (does  not  blue,  anhydrous  copper  sul 
phate)  see  U.S.P. ,  p.  36. 

Remarks. — Dehydrated  alcohol,  or  absolvie  alcohol^  is  a  liquid  con- 
taining not  less  than  99  per  cent,  of  ethyl  hydroxide,  and  is  made  from 
ordinary  alcohol  by  redistillation  from  lime.  In  order  to  get  same 
"absolutely  absolute,"  which  is  sometimes  necessary  in  very  careful 
chemical  work,  it  is  mixed  with  metallic  sodium,  which  absorbs  all  the 
water  (forming  sodium  hydroxide),  and  also  some  of  the  alcohol  (forming 
sodium  alcoholate,  CaHsONa),  and  then  distilling  into  a  flask  closely 
fitted  to  the  condenser,  and  with  orifices  for  air  closed  by  means  of 
calcium  chloride  drying  tubes. 

To  tell  whether  absolute  alcohol  is  completely  dehydrated  is  usually 
accomplished  by  throwing  into  same  a  small  amount  of  exsiccated 
copper  sulphate.  This  is  of  grayish-white  color,  and  if  there  is  any  water 
in  the  alcohol,  the  copper  salt  absorbs  same,  becoming  partly  crystallized, 
and  assuming  a  blue  tint. 

ALCOHOL  DILUTUM— DUuted  Alcohol 

(Alcohol  Dil.) 

A  liquid  containing  from  41  to  42  per  cent,  by  weight  or  from  48.4  to  49.6  per  cent, 
by  volume,  at  16.66**C.,  of  CiHs.OH  (46.05).  Preserve  it  in  well-closed  containers, 
in  a  cool  place,  remote  from  fire. 

Condensed  Recipe. 

Mix  together  500  mils  of  alcohol  and  500  mils  of  water;  at  25°C.  the  product  will 
measure  about  970  mils.    Or  else,  mix  408  Gm.  alcohol  with  500  Gm.  water. 

Summarized  Description. 

Responds  to  reactions  and  tests  given  under  alcohol;  however,  its  specific  gravity 
is  from  0.930  to  0.932  at  25°C.     For  details  see  U.S.P.,  p.  37. 

Remarks. — Diluted  alcohol,  U.S.P.,  is  made  by  mixing  equal  volumes 
of  alcohol  and  water,  and  since  U.S.P.  alcohol  is  92.3  per  cent.,  by  weight, 
of  ethyl  hydroxide,  the  dilute  alcohol  is  41  per  cent.,  by  weight,  of  the 
same  chemical.     This  is  shown  in  the  following  figures: 

100  mils  of  92.3  per  cent,  alcohol  (sp.  gr.  0.820)  weighs  82  Gm. 

100  mils  or  82  Gm.  92.3  per  cent,  alcohol, 
plus       100  mils  or  100  Gm.  water 

makes   200  mils  or  182  Gm.  of  diluted  alcohol. 
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The  82  Gm.  92.3  per  cent,  alcohol  contain  92.3  Gm.  absolute  alcohol. 

(82  X  0.923  =  75.68) 
Hence  the  182  Gm.  diluted  alcohol  contain  the  same — 

75.68  Gm.  absolute  alcohol. 
What  percentage  of  182  is  75.68? 

1QO  nn  ^  ^^  P®^  cent.,  or  about  41.5  per  cent. 

Note  that  100  mils  alcohol  and  100  mils  water  do  not  make  200  mils 
diluted  alcohol,  and  this  variation  from  the  theoretic  is  due  to  the  inter- 
esting fact  that  when  alcohol  and  water  are  mixed,  contraction  occurs, 
as  explained  on  p.  123. 

It  is  important  to  know  that  diluted  alcohol,  U.S.P.,  is  not  the 
"proof  spirit"  of  the  Internal  Revenue  Department  of  the  government; 
the  latter  means  50  per  cent,  by  volume  of  ethyl  hydroxide,  while  the  dilute 
alcohol,'  U.S.P.,  is  from  48  to  49  per  cent,  by  volume.  As  is  usual  with 
commercial  standards,  the  Internal  Revenue  grading  is  wholly  unscientific. 

In  choosing  50  per  cent,  by  volume  as  "proof,"  possibly  a  correct 
standard  was  made,  as  it  is  assumed  that  most  whisky  is  about  that 
strength.  However,  the  strength,  either  above  or  below  this  point, 
is  designated  in  a  most  unfortunate  manner,  viz.,  by  saying  that  sample 
is  "ten  below  proof"  or  "twenty  above  proof."  Twenty  above  proof 
does  not  mean  70  per  cent,  by  volume,  but  indicates  that  100  parts  of 
such  20  above  proof  sample  are  to  be  diluted  with  water  enough  to  make 
120  parts  in  order  to  make  it "  proof."  In  other  words,  "  20  alx)VQ  proof" 
means  60  per  cent,  by  volume. 

Still  more  unfortunate  is  it  that  British  excise  "proof"  is  not  the 
same  as  the  standard  of  the  Internal  Revenue  of  our  country,  but  repre- 
sents 50  per  cent.,  by  weight,  of  absolute  alcohol. 

The  rule  for  alcohol  mixing  given  by  the  pharmacopceia  is 
simply  the  expression,  in  another  form,  of  the  rule  of  alligation  given 
on  p.  59. 

Ethyl  Oxide  (C2H6)20. — This  product  is  official  as  ^Ether. 

JETHER— Ether 

A  liquid  containing  not  less  than  95.5  per  cent,  nor  more  than  97.5  per  cent,  of 
ethyl  oxide  [(CtHs)20  »  74.08],  the  remainder  consisting  of  alcohol  con  taming  a  little 
water.  Preserve  it  in  partially  filled,  well-closed  contamers,  in  a  cool  place,  remote 
from  fire,  and  protected  from  daylight. 

When  Ether  is  to  be  used  for  anesthesia  it  is  to  be  dispensed  only  in  small,  well- 
closed  containers  and  is  not  to  be  used  for  this  purpose  if  the  container  has  been  opened 
longer  than  twenty-four  hours. 

Summarized  DescriT^ion, 

Colorless,  mobile  liquid;  characteristic  odor:  burning  sweetish  taste;  soluble  in 
about  12  volumes  of  water;  miscible  with  alcohol,  chloroform,  petroleum  benzin,  ben- 
zene, fixed  and  volatile  oils;  sp.  gr.  0.713  to  0.716;  boils  at  35^*0.;  very  volatile  and 
inflammable;  vapor  mixed  with  air,  very  explosive;  air,  moisture  and  sunlight  produces 
peroxides  in  it.     For  details  see  U.S.P.,  p.  32. 

For  tests  for  iderUity,  for  impurities:  aldehyde  (no  color  on  shaking  with  solution 
of  potassium  hydroxide).  Peroxides  (no  color  on  shaking  with  solution  of  cadmium 
and  potassium  iodide)  see  U.S. P.,  p.  33. 

Impurittea. — Aldehyde  and  peroxides.    Details  above. 

Remarks. — While  ether  was  known  to  Raymond  LuUy  (1253-1315), 
the  present  method  of  manufacture  was  devised  by  Valerius  Cordus 
in  the  middle  of  the  fifteenth  century.  It  is  made  by  treating  alcohol 
with  sulphuric  acid  and  distilling  immediately. 
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As  explained  on  p.  572,  the  reaction  may  be  simply  expressed  as 
being  produced  by  taking  water  away  from  alcohol,  sulphuric  acid 
acting  as  the  dehydrating  agent.  This  theory  of  ether  formation  pro- 
posed by  Fourcroy  and  VauqueUn  (1797)  was  accepted  until  later  inves- 
tigations proved  that  while  true  as  to  ultimate  results,  the  actual  process 
was  not  so  simple  as  the  mere  removal  of  water  by  mechanical  means. 
The  factor  contributing  to  the  rejection  of  the  theory  was  the  fact  that 
if  the  water  was  absorbed  by  the  sulphuric  acid,  it  would  be  closely  re- 
tained by  same,  when,  as  a  matter  of  fact,  it  is  noted  that  a  portion  of  the 
water  distils  over  with  the  ether. 

The  next  theory  was  the  "contact  theory"  of  Mitscherlich,  that 
the  ether  production  was  due  to  catalysis,  the  latter  word  a  term  found 
very  convenient  by  chemists  for  the  first  half  of  the  last  century  for 
explaining  chemical  changes  which  were  not  really  understood. 

The  discovery  of  the  real  process  was  made  by  Liebig  (1839),  who 
proved  that,  during  the  formation  of  ether,  an  intermediate  product, 

OH 
ethylsulphuric  acid,  S02<qq  tt    is  produced. 

This  is  sometimes  called  ''  aidphovinic  ctcid,'*  and  forms  salts,  one 
of  which,  sodium  sulphovinate,  had  some  medical  prominence  some 
years  since,  being  recommended  by  Dr.  Rabuteau  as  a  purgative  in 
doses  of  25  grammes. 

Liebig's  discovery  of  ethyl-sulphuric  acid  was  supplemented  by 
the  researches  of  Williamson  (1850),  whose  complete  theory  of  ether 
formation  is  now  accepted  as  truth. 

According  to  this,  alcohol  treated  with  sulphuric  acid  forms  ethyl- 
sulphuric  acid  and  water  (equation  a).  This  ethyl-sulphuric  acid  comes 
in  contact  with  more  alcohol,  liberating  ether  and  sulphuric  acid  (equa- 
tion 6): 

(a)  CiHiOH       +     H«S04        =     CHbSO*!!     +     HaO. 
(6)  C,HsS04H    +     CaH,OH    =     (C2H«),0       +     H,SO«. 

It  will  be  noted  that  the  above  reaction  finishes  with  as  much  acid 
as  it  began  with,  and  this  is  a  fact,  a  small  quantity  of  sulphuric  acid 
being  capable  of  etherizing  a  large  quantity  of  alcohol. 

The  only  reason  why  the  same  sulphuric  acid  cannot  be  used  in- 
definitely is  the  fact  that  the  acid  finally  becomes  so  greatly  diluted  with 
water  that  it  is  incapable  of  further  chemical  action. 

As  to  the  practical  details  of  ether  formation,  the.  sulphuric  acid  is 
placed  in  a  suitable  container  (still  body),  gently  warmed,  and  upon 
it  the  alcohol  is  allowed  to  trickle  slowly.  Contact  of  the  alcohol  with 
the  acid  is  followed  by  the  formation  of  ether,  which  is  immediately  dis- 
tilled. The  distillate  usually  contains  about  74  per  cent,  of  ethyl  oxide, 
and  in  this  form  was  official  in  the  pharmacopoeia  of  1880.  The  greater 
portion  of  the  alcohol  can  be  removed  by  cautious  distillation,  and  ether, 
U.S.P.,  which  was  called  csther  fortior  in  U.S.P.  1880,  is  directed  to  con- 
tain from  95.5  to  97.5  per  cent,  of  ethyl  oxide. 

Ether  can  be  made  from  Pintsch  gas,  a  product  of  the  destructive  distillation  of 
petroleum.  With  the  use  of  tax-free  alcohol,  however,  ether  can  be  made  cheaper 
from  that  source  than  from  Pintsch  gas. 

Ether  is  a  clear,  limpid  liquid  of  specific  gravity  0.716,  boiling  at 
37*^C.,  and  as  it  is  exceedingly  volatile,  must  be  kept  in  tightly  closed 
bottles  away  from  a  flame.  It  is  used  in  pharmacy  as  a  solvent,  being 
the  menstruum  formerly  directed  in  the  preparation  of  the  oleoresins. 
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Some  samples  of  ether  have  been  known  to  explode  as  the  laat  portions  are  being 
distilled.  This  phenomenon  is  due  to  presence  of  hydrogen  dioxide  in  the  sam'ple 
distilled  and  it  will  be  noted  above  that  the  present  pharmacopowa  gives  a  test  for 
peroxides. 

Its  medicinal  use  is  as  an  anesthetic,  while  in  minute  quantities  it 
acts  as  a  sedative. 

Dose. — 1  mil  (15  minims). 

Syrup  o/_  ether  of  the  French  Codex  is  well  adapted  for 
administration  oF  ether  as  a  sedative.  This  is  made  by 
agitating  500  parts  of  syrup  with  30  parts  of  ether  in  a 
bottle  provided  with  an  orifice  at  the  bottom  (the  Thudicum 
nasal  douche  battle,  Fig.  237,  with  rubber  tube  replaced 
by  a  cork).  Ether  is  macerated  with  the  syrup  for  five 
or  six  days  with  occasional  agitation;  then  it  is  allowed  to 
stand,  and  the  clear  syrup  drained  off  from  the  ethereal 
mixture,  which  floats  on  the  surface.  This  is  the  only 
satisfactory  way  of  making  syrup  of  ether. 

SddeitMe  toliiiion  was  introduced  some  years  ago  as  tbe 
safest  form  of  anesthetic. 

There  are  three  forms  of  the  solution  r«oommended  by 
Dr.  Schleicb  for  anesthesia  Cor  short,  moderate,  or  long 
periods  respectively: 

I.  Chloroform    45,  ether  180,    petroleum    ether  15. 
Fi(.     237.— Nmu    doatbt  Boiling-point,  38°C. 

l««tle-  {B.P.  w-es") 

II.  Chloroform   45,   ether   150,   petroleum    ether    15. 
Boiling-point,  40°C. 

IIL  Chloroform  30,  ether    80,  petroleum  ether  15.     Boiling-point,  42°C. 

It  is  an  open  question  as  to  whether  such  mixtures  ever  possess  definite  boiling- 

In  dispensing  these  the  pharmacist  must  be  careful  to  use  petroleum  ether  and 
not  commercial  Denzin.  For  similar  purposes  is  the  "A.  C.  E.  Mvdure,"  which  con- 
BJBts  of  alcohol,  I  fluidounce;  chloroform,  2  fluidounces,  and  ether,  3  fluidounees. 
This  is  very  popular  in  English  hospitals. 

""  jchu9  '      ■        ■'     -    '  -"  " 


Two  mucn  used  preparations  of  ether  are  spirit  (^  ether  U.S.P.  (p.  179)  and  com- 
pound tpirit  of  ether  N.F.  {p.  182). 

The  following  esters  of  ethyl  hydroxide  are  important  pharmaceuticals. 
^miTUS  £THERIS  NITROSI— Spirit  of  Nitrous  Etiier 
(Sp.  Mth.  NitroB.— Sweet  Spirit  of  Nitre) 

Ad  alcoholic  solution  o[  ethyl  nitrite  (CiHiNOi  —  75.0^,  containing  not  leas  than 
3.5  per  cent,  nor  more  than  4,5  per  cent,  of  CiHiNOi.     Preserve  it  m  small,  well' 
stopp^«d,  dark  atnber-colored  bottles,'  in  a  cool  and  dark  place,  remot«  from  fiie. 
Condensed  Recipe. 

Mix  40  mils  of  sulphuric  acid  with  120  mils  of  water  and  after  cooling,  add  170 
mils  of  diluted  alcohol  and  chill  in  a  freezing  mixture.  Add  to  this  liquid  little  by 
little  a  solution  of  100  Gm.  sodium  nitrite,  in  280  mils  of  water.  Separate  the  ethyl 
nitrite  resulting  from  the  reaction  and  wash  with  iced  water,  then  with  a  chilled 
sodium  carbonate  solution  and  lastly  dry  with  cold  dehydrated  potassium  carbonate. 
The  ethyl  nitrite  thus  purified  is  poured  into  500  Gm.  alcohol  contained  in  a  tared 
flask  and  the  solution  is  then  weighed.  Having  thus  ascertained  the  weight  of  the 
ethyl  nitrite,  add  enough  alcohol  to  make  the  finished  spirit  weigh  twenty-two  times 
as  much  as  the  ethyl  nitrite  used.  For  details  see  U.S.P.,  p.  403. 
Sumrnarised  Description. 

Clear,  mobile,  volatile  inflammable  liquid;  pale  yellow  or  faint  green-yellow  color; 

t  ethereal  odor:  sharp  burning  taste;  neutral  to  litmus  when  froh;  becomes 

e  to  lignt  and  air;  should  not  effervesce  with  potassium  bicarbonate; 


fragrant  e 


For  tests  tor  identity,  for  impurilieg:  aldehyde  (should  not  turn  yellow  or  brown 
when  treatea  with  potassium  hydroxide  solution)  see  U.S. P.,  p.  404  and  also  Part  V 
of  this  book. 

Outline  of  Aaaay. — An  aliquot  part  of  a  neutral  alcoholic  solution  representing 
the  exact  weight  of  about  4  mils  of  the  spirit  is  mixed,  in  a  nitrometer  with  10  mils  of 
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potassium  iodide  T.S.  and  with  5  mils  of  diluted  sulphuric  acid.  The  gas  evolved  by 
the  reaction  is  measured  (in  between  20  and  60  minutes)  and  the  temperature  and  the 
barometric  pressure  is  taken.     The  factor  of  calculation  is 

mils  of  gas  X  0.307  ,  *    xu   i     •*  •* 

Weight  of  spirit  taken  '  P«'^«^**^«^  ^^  ^^^^^  ^^*"*«- 

For  the  correction  of  this  to  observed  temperature  and  barometric  pressiure  see  U.S. P., 
p.  404. 

Remarks. — The  manufacture  of  this  body,  as  ah-eady  outlined  on 
p.  572,  is  performed  by  treating  alcohol  with  nitrous  acid  in  the  pres- 
ence of  sulphuric  acid.  Nitrous  acid  itself  is  rather  an  unstable  com- 
pound, hence  in  the  official  preparation  it  is  obtained  by  treating  sodium 
nitrite  with  sulphuric  .acid.  Besides,  in  this  and  all  other  esters,  a 
dehydrating  agent  (usually  sulphuric  acid)  is  necessary  to  remove  the 
water  which  is  the  side  product  in  ester  formation  (p.  572). 

While  the  processes  of  manufacture  of  spirit  of  nitrous  ether  in  the 
present  pharmacopoeia  and  in  that  of  1890  are  similar  as  far  as  the  format 
tion  of  ethyl  nitrite  is  concerned,  the  two  recipes  differ  materially  as  to 
the  separation  of  the  ethyl  nitrite  from  the  reacting  solution.  The  recipe 
of  the  present  pharmacopoeia  provides  that  the  reaction  take  place  in  a 
vessel  surrounded  by  a  freezing  mixture,  and  that  the  ethyl  nitrite 
formed  (insoluble  in  and  lighter  than  water)  be  separated  from  the  aque- 
ous layer,  freed  from  acid  by  treatment  with  sodium  carbonate  solution, 
and  from  water  by  use  of  exsiccated  potassium  carbonate,  and  then 
mixed  with  twenty-one  times  its  weight  of  alcohol. 


Fig.  238. — Upright  condenser  for  spirit  of  nitrous  ether,  U.S.P.  1890. 

In  the  process  of  1890  the  reaction  takes  place  at  normal  temperatures,  and  the 
ethyl  nitrite  is  separated  by  distillation,  the  details  being  as  follows: 

In  a  capacious  flask  is  placed  sodium  nitrite  dissolv^  in  water  and  the  alcohol. 
The  flask  is  tightly  fitted  with  a  two-hole  cork,  through  one  hole  of  which  passes  a 
separatory  funnel,  while  through  the  other  passes  a  glass  tube  connected  with  an 
appropriate  series  of  condensers.  The  sulphuric  acid  is  diluted  with  water^  and  while 
still  warm  the  mixture  is  allowed  to  trickle  on  the  sodiimi  nitrite  solution  m  the  flaak 
through  the  separatory  funnel. 
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This  causes  the  following  reactions: 

2NaN02     +     HjSOi 
CHbOH     +     HNO, 


Na,80«        +  2HN0,. 
CH^NO,    +     H,0. 


^ 


The  ethyl  nitrite  liberated,  being  very  volatile,  passes  over  into  the  condenser,  from 
which  it  emerges  as  a  light  yellow  liquid,  having  the  odor  of  apples,  boiling  at  18**C., 
and  with  specific  gravity  0.900  at  15^0.  From  this  ethyl  nitrite  traces  of  acid  are 
removed  by  washing  with  a  cold  solution  of  sodium  carbonate,  and  the  ester  is  then 

freed  from  water  by  treating  with  dried  potassium  carbonate  and 
finally  mixed  with  twenty-one  times  its  own  weight  of  alcohol. 

In  order  to  obtain  a  good  yield  of  the  exceedingly  volatile 
ethyl  nitrite  great  care  must  be  taken  for  thorough  condensa- 
tion. This  is  best  accomplished  by  the  apparatus  shown  in  Fig. 
238,  where  the  vapors  are  first  passed  up  a  tall  tube  and  then 

{>assed  down  in  the  smaller  flask,  in  transit  passing  through  a 
ayer  of  ice  and  salt.  By  such  a  method  a  yield  as  large  as  52 
Gm.  has  been  obtained  from  55  mils  alcohol,  the  theoretic  yield 
being  67  Gm.  of  nitrite  from  55  mils  alcohol. 

Tiie  actual  operation  runs  smoothly,  provided  due  care  is 
taken  that  the  ethyl  nitrite  passes  over  regularly  and  without 
sudden  rushes.  Tliis  is  accomplished  bv  constantly  agitating 
the  reaction  flask.  If  this  is  not  done,  the  liquid  in  the  flask 
forms  two  layers,  the  sulphuric  acid  being  below  and  the  so- 
dium nitrite  solution  above.  If  these  two  layers  are  permitted 
to  form^  agitation  may  result  in  a  sudden  production  of  large 
quantities  of  ethyl  nitrite  with  sufficient  force  to  cause  an  ex- 
plosion. The  temperature  of  the  reaction  is  usually  sufficient 
to  distil  over  all  the  ethyl  nitrite  formed.  However,  it  is  a 
matter  of  wisdom  to  finish  the  operation  after  the  reaction 
appears  to  have  ceased,  by  gently  warming  the  mixture  by 
means  of  a  water-bath. 


The  finished  spirit  of  nitrous  ether  is  an  alcoholic 
solution  of  pure  ethyl  nitrite,  and  does  ncft  represent 
the  original  sweet  spirit  of  nitre,  which  was  prepared  by 
distilling  alcohol  with  a  mixture  of  nitric  and  sulphuric 
acids.  The  alcohol  in  the  latter  case  acts  as  a  reducing 
agent  on    the   nitric   acid,   and,   inversely,   the   nitric 

acid  oxidizes  certain  portions  of  alcohol,  with  formation  of  aldehyde. 

The  reactions  are  as  follows: 


Fig.  239. — Curtman's 
nitrometer. 


CH,CH^H    4-     HNO, 
CHjOH  +     HNO, 


CHaCHO     +     HNO,     +     H,0. 
CHjNO,     +     H,0. 


Fresh  spirit  of  nitrous  ether  contains  4  to  6  per  cent,  of  ethyl  nitrite, 
and  as  it  rapidly  deteriorates  on  standing,  should  be  either  freshly  prepared 
or  assayed  from  time  to  time.  The  method  of  assaying  is  not  difficult 
and  quite  interesting. 

In  the  present  pharmacopoeia  the  process  is  made  exact  and  complex 
by  using  a  weighed  amount  of  the  spirit;  in  the  pharmacopoeia  of  1890 
it  was  directed  that  6  mils  of  the  spirit  should  be  poured  into  an  appropri- 
ate nitrometer,  and  that  there  be  then  added  solution  of  potassium  iodide 
and  diluted  sulphuric  acid,  whereupon  the  resulting  decomposition  yielded 
the  gas  NO  or  N2O2,  as  shown  in  the  following  equation: 

C,H*NO,    -f    KI     +    H,S04     =    CHjOH    +    KHSO4    +    I+NO 

The  nitrometer  is  a  graduated  tube  shown  in  Fig.  239,  but  in  lieu  of 
the  expensive  apparatus  fair  results  can  be  obtained  by  using  a  Squibb 
urea  apparatus. 

The  gas,  NjOa,  forces  down  the  salt  water  with  which  the  nitrometer  is 
filled,  and  thus  the  volume  of  the  gas  evolved  can  be  easily  read.     The  5 
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rails  of  ethyl  nitrite  should  yield  66  mils  of  nitrogen  dioxide  gas.  The 
present  pharmacopcBia  also  directs  that  the  volume  of  N2O2  gas  be  ad- 
justed to  the  temperature  26°C.  and  the  barometric  pressure  of  760  mm. 
of  mercury.     (See  p.  695.) 

The  arithmetic  of  the  above  statement  that  5  mils  spirit  of  nitrous  ether  should 
yield  55  mils  nitrogen  dioxide  is  as  follows: 

5  mils  spirit  (sp.  sr.  0.823)  weigh  5  X  0.823  »  4.115  Gm. 

4.115  Gm.  spirit  (4  per  cent.)  contain  4.115  X  0.04  «  0.1646  Gm.  ethyl  nitrite. 

CjHjNO,     +     KI     +     H,S04     =     CjH,OH     +     KHSO4     +     I     +     NO 
74.15  29.81 

We  see  from  the  above  equation  that 

74.15  Gm.  ethyl  nitrite  yield  29.81  Gm.  nitrogen  dioxide. 
Then  0.1646  Gm.  ethyl  nitrite  yields  ^®*J^4i600  X  29.81  Gm.  nitrogen  dioxide, 

or  0.0661  Gm.  nitrogen  dioxide. 
1000  mils  nitrogen  dioxide  weigh  1.2281  Gm.  (page  924). 

Then  0.0661  Gm.  nitrogen  dioxide  measures  *®H228iX  1000  mils,  or  53.8  mils. 

Hence,  it  will  be  seen  that  a  spirit  of  nitrous  ether,  5  mils  of  which  will  yield  55 

mils  nitrogen  dioxide  gas,  must  contain  slightly  more  than  4  per  cent,  ethyl  nitrite. 

Sweet  spirit  of  nitre,  as  the  preparation  is  popularly  called,  is  valuable 
as  a  febrifuge  And  diuretic. 
Dose. — 2  mils  (30  minims). 

Ather  Acetictts  (U.S.P.  VIII;  N.F.  IV),  or  acetic  ether,  contains  at  least  96  per 
cent,  by  volume  of  ethyl  acetate  CtHfCsHsOs.     The  method  of  manufacture  is 
similar  to  that  of  ethyl  nitrite,  namely,  treating  alcohol  with  sodium  acetate  and 
sulphuric  acid  by  the  following  reaction : 
CHftOH    +    NaC,H,0,     +     HjSO*     =     CHjCHaO,     +    NaHSOi     +     H,0. 

The  sodium  acetate  and  alcohol  are  mixed  in  the  distilling  flask  and 
the  sulphuric  acid  allowed  to  trickle  in  from  a  separatoiy  fimnel, 
the  mixture  warmed,  and  the  resulting  ethyl  acetate  distilled. 

Acetic  ether  is  a  liquid  of  very  dehf^htful  odor,  and  is  one  of  the 
most  popiilar  of  the  fruit  ethers  used  m  preparing  artificial  flavoring 
extracts,  the  other  ethers  utilized  for  the  purpose  being  butyric- ether, 
amyl  acetate,  and  pelargonic  ether. 

Acetic  ether  is  of  considerable  value  in  organic  chemistry  as  a  crystal- 
lizing solvent.  It  has  but  little  medicinal  use  but  is  sometimes  given 
as  a  stimulant  in  15-minim  doses. 

Ethyl  Sulphate  (€2116)2804. — This  is  a  constituent  of 
the  ofl&cial  ethereal  oil. 

01ettmAthereum(XJ.S.P.  VIII;  N.F.  IV),  or  ethereal  oil,  is  manu- 
factured by  treatment  of  alcohol  with  sulphuric  acid,  allowing  the  mix- 
ture to  macerate  for  twenty-four  hours,  then  pouring  same  into  a 
retort,  and  distilling  the  mixture  until  the  frothy  residue  of  the  retort 
rises  to  the  point  where  there  is  danger  of  it  running  over.  This  reaction 
yields  varying  quantities  of  ethyl  sulphate  and  etnylsulphovinate^  and 
the  resulting  product,  called  ** heavy  oil  of  vnne,'*  is  dissolved  in  an 
equal  volume  of  ether. 

In  the  process  large  quantities  of  ether  are  formed,  for  it  will  be 
noticed  that  the  product  is  manufactured  bv  a  method  very  similar  to 
that  of  the  manufacture  of  ether  and  with  exactly  the  same  constit- 
uents, the  difference  in  the  manufacture  being  summed  up  briefl^r  as 
follows:  Alcohol  plus  sulphuric  acid  plus  immediate  distillation  g^ves 
ether.     Alcohol  plus  sulphuric  acid  plus  distillation,  after  standing,  gives  ethereal  oil. 

The  yield  of  ethereal  oil  is  about  20  mils  of  the  Formulary  product  from  1100 
mils  alcohol,  an  output  so  small  as  to  be  scarcely  worth  the  pharmacist's  time  to 
manufacture.  The  very  fact,  however,  that  the  yield  is  small  makes  the  ethereal  oil 
very  expensive,  and  hence  liable  to  adulteration,  and  it  is  said  that  the  larger  amount 
of  the  so-called  ethereal  oil  on  the  market  consists  merely  of  the  last  distillate  in 
the  process  of  the  manufacture  of  ether,  and  even  this  is  sometimes  adulterated,  one 
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of  the  favorable  adulterants  being  castor  oil,  which  liquid  has  about  the  same  specific 
gravity  as  ethereal  oil.  This  falsification,  however,  can  be  easily  detected  by  reason 
of  the  permanent  greasy  stain  that  such  ethereal  oil  will  leave  on  filter-paper,  whereas 
true  ethereal  oil  is  uniformly  volatile.  Ethereal  oil  is  a  light  vellow  liquia,  having 
a  peculiar  penetrating  odor,  used  as  a  constituent  of  compound  spirit  of  ether,  N.F., 
and  is  in  itself  a  stimulant. 

The  manufacture  of  ethereal  oil  gives  interesting  proof  of  the  presence  of  carbon 
in  alcohol,  the  residue  from  the  distillate  of  a  mixture  of  pure  sulphuric  acid  and 
alcohol  consisting  primarily  of  carbon. 

JEthylis  Carbamas  (U.S.P.)* — Ethyl  carbamate  can  best  be  considered 
among  the  compounds  of  carbonic  acid  (p.  676). 

Acetaldehyde  is  the  aldehyde  of  ethyl  alcohol,  and  its  original  name 
has  been  shortened  and  employed  as  the  natme  for  the  entire  class  of 
aldehydes,  even  as  the  class  called  alcohols  are  named  after  the  original 
type,  grain  alcohol. 

Aldehyde  was  discovered  by  Fourcroy  and  Vauquelin  in  1800.  Lie- 
big,  observing  that  aldehyde  differed  from  alcohol  in  the  loss  of  hydrogen 
atom,  named  the  finished  product  **  alcohol  dehydrogenatus."  By  com- 
bining the  first  syllables  of  the  two  words  the  name  aldehyde  was  devised. 

It  will  be  noticed  that  the  aldehydes  are  not  named  after  the  hydro- 
carbons from  which  derived,  but  from  the  acids  they  yield  on  oxidation. 
Thus  the  aldehyde  under  consideration  is  never  called  ethyl  aldehyde, 
but  acetaldehyde,  likewise  the  aldehyde  of  methyl  is  not  called  methyl 
aldehyde,  but  formaldehyde,  because  eventually  yielding  formic  acid. 

Ordinary  aldehyde  is  CHsCHO;  like  other  aldehydes,  it  is  made  by 
the  oxidation  of  the  corresponding  alcohol — ^in  this  case,  ethyl  alcohol. 
Ethyl  alcohol  is  CsHsOH,  and  its  formula  can  be  written  CHsCHsOH, 
or  even  CHsCHHOH. 

Suppose  this  be  oxidized  by  bringing  it  in  contact  with  some  sub- 
stance 3delding  oxygen,  like  potassium  dichromate  and  sulphuric  acid — 
we  get  a  reaction  like  the  following,  the  underscored  hydrogen  and  oxygen 
atoms  separating  as  water,  the  new  oxygen  atom  going  into  the  com- 
p)Ound : 

CH,CHHOH     -f     O     -     H,0     +     CH,CHO    (aceUldehyde). 

The  manufacture  of  aldehyde  is  accomplished  by  treating  ethyl 
alcohol  with  a  mixture  of  potassimn  dichromate  and  sulphuric  acid,  a 
very  simple  and  pretty  experiment.  The  orange-red  solution  of  chromic 
acid  formed  when  potassium  dichromate  and  sulphuric  acid  are  mixed 
shows  the  process  of  oxidation  by  changing  to  green  as  it  parts  with  its 
oxygen,  the  green  color  being  due  to  the  formation  of  chromium  sulphate, 
Cr2(S04)s.     Aldehyde  is  a  liquid  of  characteristic  odor,  boiling  at  21**C. 

It  is  not  official,  but  its  polymer,  paraldehyde,  is  accorded  pharma- 
copoeial  recognition. 

PARALDEHYDUM— Paraldehyde 
(Paraldehyd.) 

A  polynier  [(CH«CHO)j  «  132.10]  of  acetaldehyde.  Preserve  it  in  well-closed 
containers,  in  a  cool  place,  protected  from  light. 

Summarized  Description. — 

Colorless  transparent  liquid;  strong,  characteristic  but  not  unpleasant  odor; 
burning  then  cooling  taste;  soluble  in  8  volumes  of  water;  miscible  with  alcohol, 
chloroform,  and  ether;  sp.  gr.  0.990;  boils  at  120''  to  125''C.,  congeals  at  about  O^'C. 
For  details  see  U.S. P.,  p.  311. 
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For  te9t8  for  identity,  for  imvurUies:  fusel  oil  derivatives  (no  disagreeable  odor  left 
on  evaporation).  Amy!  alcohol  (no  oily  drops  on  dissolving  in  water).  Sulphuric  acid 
(no  turbidity  with  barium  chloride).  Hydrochloric  acid  (no  opalescence  with  silver 
nitrate).  Free  acid  (a  type  of  titration  with  normal  alkali).  Acetaldehyde  (not 
yellow  or  brown  with  potassium  hydroxide).     For  details  see  U.S.P.,  p.  311. 

Remarks. — This  body  represents  the  condensation  of  three  molecules 
of  aldehyde,  hence  has  the  formula  (C2H40)8. 

This  is  the  first  example  of  condensation  we  have  considered,  and  it  is 
of  interest  to  know  that  such  does  not  merely  mean  the  compression 
of  three  molecules  of  a  substance  into  one  molecule  of  a  new  compound, 
but  that  in  this  process  of  changing,  the  character  of  the  compound 
becomes  considerably  altered.  Thus  to  paraldehyde  is  given  the  struc- 
tural formula — 

H  CH, 

y 

o     o 

/       \ 

H— C O C 

I  /\ 

CH,  H      CH, 

The  condensation  of  aldehyde  to  paraldehyde  is  accomplished  by 
passing  hydrochloric  acid  gas  through  the  former.  Paraldehyde  is  a 
liquid  of  peculiar,  pungent  odor,  specific  gravity  0.99,  boiling  between  120° 
and  125^0.  It  is  a  sedative  and  hypnotic  of  particular  v^ue  in  cases  of 
delirium  tremens. 

Dose. — 2  mils  (30  minims). 

CHLORALUM  HYDRATUM— Hydrated  Chloral 
(Chloral.  Hydrat.—"Chlorar'— Chloral  Hydrate) 

A  compound  of  trichloraldehyde  or  chloral,  with  the  elements  of  one  molecule  of 
water.  It  contains  not  less  than  99.5  per  cent,  of  CjHClaO  -f  HjO  or  CC1»-C0H  + 
HsO  (165.4).  Preserve  it  in  tightly  stoppered  bottles,  in  a  cool  place,  protected  from 
light. 

Summarized  Description. 

Rhombohedral.  colorless  crystals;  aromatic  penetrating  slightly  acrid  odor;  bitterish 
caustic  taste;  slowly  volatile:  soluble  in  about  0.25  part  of  water,  in  about  1  part  of. 
alcohol}  in  about  3  parts  of  cnloroform,  and  in  about  1.1  parts  of  ether;  also  soluble  in 
fixed  oils  and  in  oil  of  t\iroentine;  decomposed  by  alkalies  into  chloroform  and  a 
formate.    For  details  see  tJ.S.P.,  p.  108. 

For  tents  for  identity ^  for  impurities:  chloral  alcoholate  or  ethyl  carbonate  (vapors 
on  ignition  are  not  inflammable).  Hydrochloric  acid  and  chlorides  (alcoholic  solu- 
tion not  made  turbid  by  silver  nitrate).  Organic  impurities  (does  not  darken  con- 
centrated sulphuric  acid)  and  for  assay  see  U.S.P.,  p.  108  and  also  Part  V  of  this 
book. 

Remarks. — Chloral  hydrate  was  discovered  by  Liebig  in  1832,  but 
was  considered  merely  as  an  interesting  chemical  rarity  until  its  real 
value  as  a  sedative  was  discovered  in  1869  by  Liebreich. 

The  former  pharmacopoeial  name,  chloraly  is  a  misnomer,  as  the  true 
chloral  is  a  liquid  which,  on  addition  of  one  molecule  of  water,  forms  the 
crystalline  official  substance. 

Chloral  is  an  aldehyde,  the  three  hydrogen  atoms  of  whose  methyl 
group  are  replaced  by  chlorine,  as  shown  by  comparison  of  formulas: 

CH,CHO  CCI3CHO 

Aldehyde.  Chloral. 
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Chloral  is  made  by  passing  chlorine  gas  through  alcohol.  Chlorine 
acts  as  an  oxidizing  agent — that  is,  it  is  one  of  those  substances  by  which 
oxygen  can  be  brought  in  contact  with  and  united  to  a  body.  We  have 
seen  just  above  that  alcohol,  when  oxidized,  is  converted  into  aldehyde. 
When  chlorine  is  employed  as  the  oxidizing  agent,  it  also  replaces  the 
hydrogen  of  the  aldehyde  forming  chloral.     The  stages  of  the  process  are : 

CHjCHHOH        ->        CH,CHO        -►        CCUCHO 

Alcohol.  Aldehyde.  Chloral. 

The  complete  equation  of  the  manufacture  of  chloral  from  alcohol  is 

as  follows: 

CHaCHjOH     +     CU     =     CHsCHO     +     2HC1. 
CH3CHO         +     CU     =     CCUCHO    +     3HC1. 

In  manufactiuing  chloral  by  this  process  there  is  usually  produced, 

besides  chloral  hydrate,  a  body,  chloral  alcoholate,  CCUCITIIqq  tt 

the  therapeutic  effect  of  which  is  quite  harmful,  and  hence  great  caution 
should  be  taken  to  avoid  same  in  official  chloral.  The  pharmacopoeial 
test  for  its  detection  is  given  above. 

Chloral  alcoholate  is  removed  during  the  manufacture  of  chloral 
hydrate  by  upright  distillation  from  concentrated  sulphuric  acid.  This 
decomposes  the  alcoholate,  while  pure  chloral  is  unchanged. 

Chloral  hydrate  is  a  white  solid,  occurring  in  crystals  or  in  white 
amorphous  scales.     It  is  very  soluble  in  water. 

As  stated  above,  chloral  hydrate  is  quite  soluble  in  water,  and, 
therefore,  it  is  used  to  prepare  a  so-called  100  per  cent,  solution,  that  is, 
a  solution  of  one  avoirdupois  ounce  to  a  fluidounce.  However,  it  is 
scarcely  worth  while  to  keep  the  solution  on  hand,  as  it  can  be  so  easily 
prepared,  and,  moreover,  the  solution  spoils  on  standing,  the  chloral 
decomposing  into  formic  and  hydrochloric  acids. 

Chloral  hydrate  should  never  be  dispensed  in  alkaline  solution,  as 
during  the  reaction  chloroform  is  produced: 


CCUCHO 

+ 

KOH 

CHCU 

+ 

KCOOH 

Chloral. 

Potassium 
hydroxide. 

Chloroform. 

Potassium 
formate. 

This,  as  noted  on  p.  580,  is  a  method  of  making  very  pure  chloroform. 

Chloral  hydrate  is  one  of  the  most  valuable  hypnotics,  but,  on  the 
other  hand,  its  abuse  is  one  of  the  most  dangerous  of  the  many  drug 
^  habits. 

Dose, — 500  milligrammes  (8  grains). 

Chloral  hydrate,  when  rubbed  with  camphor,  thymol,  or  menthol, 
is  converted  into  a  thick,  viscid  liquid,  the  former,  under  the  name 
chloral  camphor,  has  considerable  vogue  as  a  local  sedative  for  gumboils 
and  the  like,  and,  according  to  the  National  Formulary,  is  made  by 
rubbing  together  equal  quantities  of  chloral  and  camphor  until  liquefied. 

Quite  a  number  of  derivatives  of  chloral  are  used  as  medicines. 

Chloral  fomuunidum  (U.S.P.  VIII),  or  chloral  Jormamide,  is  made  by  treating 
anhydrous  chloral  with  formamide,  as  expressed  in  the  following  equation: 

Chloral.  Formamide.  Chloral  formamide. 

CCUCHO         +        HCONH,         =         ^^^»^H<NHCOH 
and  is  typical  of  a  large  number  of  condensation  products  of  chloral  where  the  group 

C-H  n— H 

-O  is  converted  into  the  group — ^Cr,     "R"  meaning  any  radicle  with  one 
free  bond. 
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Chloralformamide  (or  chloralamide,  as  it  is  sometimes  called)  is  used  as  a  hypnotic, 
in  15-grain  doses. 

OH 
Ural,  or  cUoralurethane,  CCl8<  jJ^^qqqq  ^     is  made  by  the  combination  of 

chloral  and  nrethane  and  precipitation  of  the  crystals  from  the  reacting  liquid  by 
addition  of  concentrated  hydrochloric  acid. 

Ural  is  in  the  form  of  transparent  crystals  melting  at  103°C.,  insoluble  in  water, 
and  used  as  a  hypnotic.    Somnol  is  ethylated  ural.     (See  page  677.) 

Hypnal  is  a  mixture  of  chloral  (45  per  cent.)  and  antipyrine  (55  per  cent.).  It 
melts  at  58°C.,  and  is  used  as  a  hypnotic  in  15-grain  doses. 

Acetic  Acid  (CH3COOH). — This  important  compound  was  known  to 
the  ancients  in  the  form  of  vinegar,  a  product  of  the  fermentation  of 
wine.  The  concentrated  form  of  acetic  acid  was  not  known  until  1700, 
when  prepared  by  Stahl,  its  production  being  accomplished  only  after 
it  was  discovered  that  one  of  the  products  of  the  destructive  distillation 
of  wood  was  acetic  acid,  this  discovery  being  made  by  Glauber  in  1648, 
who  called  the  finished  product  wood  vinegar. 

The  chemical  analysis  of  absolute  acetic  acid  was  jiot  accomplished 
until  1814,  when  Berzelius  gave  careful  study  to  the  structural  character 
of  the  compound. 

Acetic  acid  occurs  naturally  in  the  sap  of  some  plants,  is  usually  a 
constituent  of  sweat,  and  is  found  as  organic  esters  in  some  oils;  thus, 
croton  oil  contains  acetin  (glyceryl  acetate). 

Acetic  acid  has  been  produced  by  synthesis  from  carbon  disulphide. 

Carbon  disulphide  plus  chloroform  gives  carbon  tetrachloride,  CCI4. 

This  body,  under  treatment  with  metallic  sodium,  gives  ethylene  chloride,  C2H4CIS, 
and  eventually  ethane  hexachloride^sCl«.  Ethane  hexachloride  treated  with  water 
yields  trichloracetic  acid,  CCljCOOH,  and  this,  by  reduction,  gives  acetic  acid. 

Of  course,  the  above  method  is  of  purely  theoretic  interest,  the 
actual  manufacture  of  acetic  acid  being  either  from  the  distillation  of 
wood  or  by  the  oxidation  of  alcohol. 

The  latter,  when  diluted  and  under  the  influence  of  the  mother  of 
vinegar,  Mycoderma  aceti,  is  converted  into  vinegar,  which  represents 
a  weak  acetic  acid.  The  commercial  acetic  acid,  however,  is  produced 
by  the  destructive  distillation  of  wood. 

As  already  explained  on  p.  584,  wood,  on  being  subjected  to  heat, 
yields  a  tarry  distillate,  called  crude  pyroligneous  acid  (pyros,  meaning 
fire,  and  lignum,  wood),  which  is  composed  chiefly  of  wood  alcohol, 
acetic  acid,  and  acetone. 

The  separation  of  acetic  acid  from  this  distillate  has  already  been 
given,  so  suffice  it  to  say  that  a  very  large  quantity  of  acid  is  produced 
by  such  treatment  of  wood,  and  it  has  been  found  that  the  great  heat 
formerly  thought  necessary  to  decompose  same  is  imnecessary. 

Acetic  acid  can  best  be  prepared  by  cutting  oak  wood  in  appro- 
priate sized  billets,  putting  into  a  retort,  and  heating  under  218**C.; 
at  this  temperatiu-e  wood  does  not  char,  and  except  for  darkening  in 
color  after  the  process,  appears  as  original  wood.  The  residue  is  simply 
dried,  and  is  then  sold  for  fuel. 

Acetic  acid  is  official  in  three  distinct  strengths. 

ACmUM  ACETICUM  GLACIALE— Glacial  Acetic  Acid 

(Acid.  Acet  Glac.) 

A  liquid  containing  not  less  than  99  per  cent,  of  CsH40s  or  CHiCOOH  (60.03). 
Preserve  it  in  glass-stoppered  bottles. 

Summarieed  Description, 

Clear  colorless  hquid;  strong  odor  Uke  vinegar;  pungent  acid  taste;  miscible  with 
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water  or  alcohol;  sp.  gr.  1.047  to  1.050;  boils  at  117''  to  IIS^'C;  congeals  at  about  14L5^ 
For  details  see  U.d.P.,  p.  7. 

Tesis  for  identity  and  for  impurities  like  those  for  acetic  acid,  except  the  perman- 
ganate test.     For  assay  see  U.S.P.,  p.  7  and  also  Part  V  of  this  book. 

Remarks, — This  glacial  acetic  acid  must  contain  at  least  99  per  cent. 
CHjCOOH,  and  is  called  "glacial,"  because  at  temperatures  below 
16**C.  it  becomes  solid,  like  ice.  Some  manufacturers  have  put  upon 
the  market  an  acetic  acid  labeled  ''glacial,"  but  on  careful  examination 
of  the  label  it  is  found  that  in  smaller  type  are  the  words  80  per  cent. 
That  such  procedure  is  dishonest  goes  without  saying.  Glacial  acetic 
acid  is  very  valuable  as  a  solvent  for  a  great  diversity  of  substances; 
thus  it  dissolves  resins,  glue,  and  a  large  number  of  other  organic  bodies. 
Its  use  in  this  way,  however,  must  be  with  caution,  as  there  is  strong 
likelihood  of  its  forming  chemical  combinations. 

ACmUM  ACETICUM— Acetic  Add 

(Acid.  Acet) 

An  aqueous  solution  containing  not  less  than  36  per  cent,  nor  more  than  37  per 
cent,  of  C1H4OJ  or  CH,COOH  (60.03). 

Summarized  Description. 

Clear  colorless  liquid;  strong  odor  like  vinegar;  sharply  acid  taste;  miscible  with 
water  or  alcohol;  sp.  gr.  about  1.045.     For  details  see  U.S.r.,  p.  6. 

For  tests  for  identity  J  for  impurities:  heavy  metals  (hydrogen  sulphide  test)  sulphuric 
acid  (barium  chloride  test).  Hydrochloric  acid '(silver  nitrate  test).  Formic  or  sul- 
phurous acid  (does  not  reduce  ammoniacal  silver  nitrate.  Empyreumatic  substances 
(does  not  decolorize  definite  amount  of  permanganate  solution)  and  for  assay  see 
U.S. P.,  p.  6  and  also  Part  V  of  this  book. 

Remarks. — Acetic  acid  contains  36  per  cent,  absolute  acetic  acid, 
and  should  be  ordered  as  36  per  cent.  acid.  The  ordinary  commercial 
acetic  acid,  familiarly  called  "No.  8,"  is  not  the  pharmacopoeial  acid. 
It  contains  but  29  to  30  per  cent,  of  absolute  acetic  acid.  The  fact 
that  No.  8  acetic  acid  is  not  pharmacopceial  was  learned  by  a  friend  of 
the  writer  at  considerable  expense,  inasmuch  as  he  dispensed  No.  8  acid 
when  acetic  acid  was  called  for,  and  afterward  had  to  answer  the  charge 
of  violation  of  the  pure  food  laws  of  his  State.  This  should  warn  all 
pharmacists  to  exercise  the  utmost  caution  in  dispensing  commodities 
under  pharmacopoeial  names,  unless  they  are  exactly  the  standard  pre- 
scribed by  the  pharmacopoeia;  it  being  usually  considered  in  interpreta- 
tion of  such  laws  that  when  a  pharmacist  labels  a  substance  with  the 
pharmacopoeial  name,  he  means  pharmacopoeial  strength.  Thus  to  dis- 
pense essence  of  vanilla  containing  tonka  bean,  labeled  ''essence  of 
vanilla,"  would  be  the  groimd  for  legal  action. 

No.  8  acetic  acid  is  so  called  because  one  part  of  same  with  eight  parts  of  water 
is  supposed  to  give  the  strength  of  dilute  vinegar.  Vinegar  is  a  3  to  5  per  cent,  solu- 
tion of  acetic  acid,  more  or  less  impure,  and  it  is  assumed  that  it  is  always  made  by 
the  fermentation  of  alcoholic  liquios.  Thus  a  dilute  white  wine  or  cider,  when  fer- 
mented, will  yield  vinegar.  A  quick  method  for  making  vinegar  is  Schutzenbach's 
method;  percolating  diluted  alcohol  over  oak  shavings.     Authorities  state  that  by 

i  any  of  these  methods  no  vinegar  containing  more  than  15  per  cent,  acetic  acid  can 

be  made,  and  as  on  the  market  there  are  a  large  number  of  so-called  cider  vinegars, 
as  strong  as  20  to  25  per  cent.,  the  conclusion  is  obvious  that  such  are  made  from 

j  wood  vinegar. 

The  commercial  g^rading  of  vinegar  is  by  the  awkward  denomination  of  so  many 
**  grains,*'  and  this  means  the  number  of  grains  of  alkali  necessary  exactly  to  neutraliie 
one  ounce  of  the  vinegar. 


ETHANE   DERIVATIVES  603 

This  is  even  more  va^e  than  the  average  commercial  standard,  as  different 
authorities  say  the  alkali  is  sodium  carbonate,  sodium  bicarbonate,  potassium  car- 
bonate, potassium  bicarbonate  respectively.  Then  it  is  uncertain  wnether  the  ounce 
means  troy,  avoirdupois,  or  fluid.  If  the  alkali  is  potassium  bicarbonate,  and  the 
'^ ounce''  means  fluioounce,  ^'lOO^ain  vinegar"  should  contain  about  12  per  cent, 
acetic  acid;  50-grain  should  contain  about  6  per  cent,  of  acetic  acid. 

Acetic  acid  is  interesting  as  one  liquid  of  which  the  specific  gravity 
is  not  a  criterion  of  strength.  Thus  at  15^  glacial  acetic  acid  has  a  specific 
gravity  of  1.0562;  85  percent,  has  a  specific  gravity  of  1.0747;  81  per  cent, 
is  1.0755;  80  per  cent,  has  a  specific  gravity  of  1.0756,  which  same 
specific  gravity  is  possessed  by  the  79  per  cent.,  78  per  cent.,  and  77  per 
cent.;  76  per  cent,  has  a  specific  gravity  of  1.0755,  and  from  that  point 
on  a  gradual  diminution  of  specific  gravity  occurs  until  43  per  cent,  has 
a  specific  gravity  of  1.056 — ^the  same  specific  gravity  as  the  glacial. 

The  high  specific  gravity  exhibited  by  acid  containing  77  per  cent, 
to  80  per  cent.  CHsCOOH  is  supposed  to  be  due  to  the  formation,  in  the 
solution,  of  hydroxides  of  acetic  acid. 

The  tests  for  acetic  acid  are  as  follows :  When  the  acid  (or  an  acetate) , 
alcohol,  and  sulphuric  acid  are  heated  together,  the  mixture  gives  the 
pleasant  odor  of  acetic  ether.  On  the  other  hand,  any  acetate,  when  fused 
with  arsenic  trioxide  on  a  platinum  foil,  gives  the  disgusting  odor  of 
cacodyl. 

This  substance  is  really  a  mixture  of  cacodyl,  As2(CHs)4,  and  cacodyl 
oxide,  Ass(CHs)40;  the  graphic  formulas  of  the  two  bodies  being  respect- 
ively: 

AS— ch!  /AS—chI 

I  and  6 

1        CH,  \Ac~CH, 

A5— CH,  A3— CH, 

These  substances,  on  treatment  with  mercuric  oxide,  yield  cacodylic 
acid  or  dimethyl  arsenic  acid. 


As 


— CH, 
— CH, 

—OH 


ACmUM  ACBTICUM  DILUTUM— DUuted  Acetic  Add 

(Acid.  Acet  Dil.) 

An  aqueous  solution  containing  not  less  than  5.7  nor  more  than  6.3  p>er  cent,  of 
C,H402  or  CH,COOH  (60.03). 

Condensed  Recipe, 

Dilute  acetic  acid  (36  per  cent.)  with  enough  distilled  water  to  make  a  6  per  cent, 
product.     For  details  see  U.S.P.,  p.  7. 

Summarized  DeacripHon. 

Miscible  with  water  or  alcohol;  sp.  gr.  1.008;  in  other  respects,  like  acetic  acid. 
For  aeeay  see  U.S.P.,  p.  7  and  also  Part  V  of  this  book. 

Assay, — Details  in  Part  V. 

Remarks. — Diluted  acetic  acid,  contrary  to  the  general  rule  for  diluted 
acids  (that  they  be  10  per  cent.)?  contains  6  per  cent,  absolute  acetic  acid. 
Dose, — 2  wois  (30  minims). 
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SODn  CACODYLAS— Sodium  Cacodylate 

(Sod.  Cacodyl.) 

Sodium  dimethylarsenate  [Na(CH«)2AsOj  =  160.01],  with  a  somewhat  variable 
amount  of  water  of  crystallization.     It  contains  not  less  than  72  per  cent,  nor  more 
than  75  per  cent,  of  Na(CHs)sAs02.     Preserve  it  in  well-closed  containers. 
Summarized  Description. 

White,  odorless,  deliquescent  prisms;  or  granular  powder;  soluble  in  about  0.5 
part  of  water  and  in  about  2  parts  of  alcohol;  melts  at  60°C.;  anhydrous  at  120®C., 
bums  with  a  bluish  flame  having  garlic-like  odor.  For  details  see  U.S.P.,  p.  386. 
For  testa  for  identity  ^  for  impurities:  monomethyl  arsenate  (no  turbidity  with  calcium 
chloride).  Arsenate  or  phosphate  (no  turbidity  with  magnesia  mixture).  Heavy 
metals,  chloride,  sulphate  (usual  tests)  and  for  assay  see  U.S.P.,  p.  386  and  also  Part 
V  of  this  book. 

Remarks, — This  new  official  substance  is  made  by  neutralizing  cacody- 
lic  acid  (prepared  as  suggested  above)  with  sodium  hydroxide.  It  is  a 
white  powder  soluble  in  water,  and  is  used  as  an  alterative  and  tonic. 

Dose, — 60  milligrammes  (1  grain). 

ACmUM  TRICHLORACETICUM— Trichloracetic  Acid 

(Acid.  Trichloracet.) 

A  monobasic  organic  acid.  It  contains,  when  dried  to  constant  weight  in  a 
desiccator  over  sulphuric  acid,  not  less  than  99  per  cent,  of  CjHOaCU  or  CJCli.COOH 
(163.39).     Preserve  it  in  well-stoppered  bottles  in  a  cool  place,  protected  from  light. 

Summarized  Description. 

(Ik>lorle8S,  deliouescent,  rhombohedral  crystals ;  slight  characteristic  odor ;  very  soluble 
in  water,  alcohol  and  ether;  not  more  than  ^oo  of  1  per  cent,  of  ash.  For  details 
see  U.S.P.,  p.  28. 

For  tests  for  identity^  for  impurities  (chlorides  and  nitric  acid)  and  for  assay  see 
U.S. P.,  p.  28  and  also  Part  V  of  this  book. 

Remarks. — As  chloral  represents  aldehyde  with  three  hydrogen  atoms 
replaced  by  three  chlorine  atoms, 

Aldehyde.  Chloral. 

GH,dHO  CClsCHO, 

SO  the  trichloracetic  acid  represents  acetic  acid  with  three  hydrogen 
atoms  replaced  by  three  chlorine  atoms,  viz.: 

Acetic  acid.  Trichloracetic  acid. 

CH,(XX)H  CCUCOOH. 

Again,  as  acetic  acid  can  be  made  by  the  oxidation  of  aldehyde  (see  p.  573), 
so  chloral  hydrate  on  oxidation  3delds  trichloracetic  acid.  Trichloracetic 
acid  is  used  in  dentistry  for  hardening  the  gums. 

GlycocoU,  or  amidoacetic  acid,  and  taurin^  or  amidoethylsulphuric  acid,  must  be 
given  passing  notice  as  constituents  of  oxgall  (p.  852).  The  graphic  formulas  of 
these  two  bodies  are: 

Glycocoll.  Taurin. 

CH,NH,  CHjNH, 

COOH  (!;h^o,h. 

The  polybasic  acids  are  derivatives  of  the  hydrocarbons  containing 
more  than  one  carboxyl  group.  Thus  an  acid  corresponding  to  the  gen- 
eral formida  R"  (COOH) 2,  called  dibasic  acid,  and  R'"(COOH),,  called 
tribasic  acid,  are  both  illustrations  of  polybasic  acids.  The  simplest  of 
these  is  the  one  which  can  be  considered  as  derived  from  ethane. 
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Oxalic  Acid  (COOH)i. — This  body  was  long  known  in  the  past  as 
the  potassium  oxalate,  which  is  the  constituent  of  the  leaves  of  several 
plants,  notably  Oxalis  perennis,  from  which  the  acid  derives  its  name. 
It  was  Scheele,  in  1776,  who  first  gave  the  acid  a  thorough  chemical 
examination. 

Oxalic  acid  can  be  made  synthetically  by  several  methods.  Thus  cyanogen, 
when  treated  with  water,  forms  ammonia  and  oxalic  acid  by  the  following  reaction: 

CN  COOH 

I         -f-     4H,0     -     2NH,     +      I 
CN  COOH. 

This  is  stated  because  it  represents  the  real  method  of  the  synthesis  of  any  acid, 
the  same  being  formed  from  hydrocarbons  containing  one  less  carbon  atom  than  the 
acid  desired  by  converting  same  into  chloride,  then  replacing  the  chlorine  group  by 
the  cyanogen  group  (CN),  and  then  converting  the  cyanogen  group  into  the  carboxyl 
group  by  the  reaction  given  above,  which  is  considered  as  a  variety  of  saponification. 

The  commercial  manufacture  of  oxalic  acid  is  by  the  oxidation  of  either  sugar 
or  starch  by  nitric  acid,  or  by  fusing  cellulose  (sawdust)  with  potassium  hydroxide. 
The  latter  is  the  popular  method,  the  yield  being  50  per  cent,  as  much  as  the  sawdust 
employed. 

Oxalic  acid  is  not  official,  although  mentioned  in  the  pharmacopoeia  as  a  test 
solution,  both  in  qualitative  testing  and  in  volumetric  analvsis.  It  is  poisonous,  and 
its  antidote  is  any  convenient  preparation  of  lime,  thus  forming  insoluble  calcium 
oxalate. 
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CHAPTER  XXXVIII 
DERIVATIVES  OF  PROPANE,  BUTANE,  AND  PENTANE 

PROPANE 

The  propane  derivatives  of  interest  are: 

Propyl  alcohols CHtOH. 

Propyl  aldehyde CH,CH,CHO. 

Acetone,  U.S.P CH,— CO— CH,. 

Sulphonmethane,  U.S.P (CH,)tC(80,C,H,)i. 

Sulphonethylmethane,  U.S.P q^|[!/^(^*^«^»)*- 

Propionic  acid CH,(5h,C00H. 

Lactic  acid,  U.S.P CH,CHOHCOOH. 

Glycerin,  U.S.P C,H,(OH),. 

Nitroglycerin C,H5(0N0,),.     (Official  in  epirU 

of  glyceryl  nitraie,) 

Olein Glyceryl  oieate  and  other  fats. 

Glycerophosphoric  acid C,H6(OH)jP04H,.     (Sodium  and 

calcium  salts  official.) 

Of  the  above,  the  alcohols  have  no  pharmaceutic  interest,  it  being 
necessary  only  to  call  attention  to  the  fact  that  two  isomeric  forms  of 
propyl  alcohol  are  known — ^the  primary  and  the  secondary. 

The  former  3delds  on  oxidation  propylic  aldehyde,  while  the  secondary 
gives,  under  the  same  treatment,  the  ketone,  acetone.  Both  of  these 
alcohols  3rield,  with  the  appropriate  acids,  esters. 
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Propionic  aldehyde  can  be  dismissed  on  the  simple  statement  that  it, 
on  oxidation,  yields  propionic  acid,  CHjCHaCOOH. 

ACETONUM— Acetone 
(Aceton. — Dimethyl-ketone) 

A  liquid  containing  not  less  than  99  per  cent,  by  weight  of  CaHeO  or  CHs.CO.CHs 
(58.05).     Preserve  it  in  well-closed  containers  in  a  cool  place,  remote  from  fire. 

Summarized  Description, 

Ck)lorless,  mobile,  volatile  liauid;  characteristic  ethereal  odor;  pungent  sweetish 
taste;  sp.  gr.  0.790;  miscible  with  water,  alcohol,  ether,  chloroform  and  most  volatile 
oils;  bous  at  56*^  to  58°C. ;  inflammable,  burning  with  a  nonnsooty  flame.  For  details 
see  U.S. P.,  p.  4.  . 

For  iesU  f&r  identity^  for  impurities;  empyreumatic  substances  (does  not  decolorize 
permanganate  solution)  and  for  assay  see  U.S.P.,  p.  4  and  also  Part  V  of  this  book. 

Remarks. — Acetone  is  the  first  representative  of  the  ketones  (p.  673) 
to  be  studied.  It  has  been  long  known  as  one  of  the  products  of  the 
destructive  distillation  of  wood.  It  was  not,  however,  until  1832  that 
its  chemical  comp)Osition  became  known  through  the  investigations  of 
Liebig. 

Acetone  has  been  secured  from  natural  sources  (the  mine  and  the 
blood).  It  can  be  made  by  oxidation  of  secondary  propyl  idcohol,  as 
already  explained  on  p.  573.  Another  chemical  method  of  the  manufac- 
ture of  acetone  is  by  the  destructive  distillation  of  calcium  acetate  by  the 
following  reaction: 

This  method  is  of  importance,  inasmuch  as  it  is  the  type  of  the  general 
manufacture  of  ketones. 

As  seen  above,  calcium  acetate  yields  dimethyl  ketone  or  acetone. 
If,  instead  of  calcium  acetate,  a  mixture  of  calcium  acetate  and  calcium 
propionate  be  distilled,  we  get  methyl-ethyl-ketone, 

while  a  mixture  of  calcium  acetate  and  calcium  benzoate  gives  methyl- 
phenyl-ketone.  In  the  Squibb  process,  acetone  is  made  by  passing  alco- 
hol through  rotating  tubes  heated  to  about  500*'C.  The  conunercial 
source  of  acetone,  however,  is  from  the  destructive  distillation  of  wood, 
and  the  acetone  is  extracted  from  the  distillate,  as  has  already  been  ex- 
plained on  p.  584. 

Acetone  possesses,  in  conmion  with  all  ketones,  a  number  of  charac- 
teristic reactions;  thus  it  forms  crystalline  compounds  with  ammonium 
bodies,  or  with  potassium  bisulphate,  and,  most  striking  of  all,  when 
treated  with  hydroxylamine,  it  forms  characteristic  bodies  called  "oximes" 
(RNOH).  It  also  forms  distinct  crystalline  bodies  with  phenyl  hydra- 
zine, the  reagent  giving  practically  similar  results  with  aldehydes.  In 
truth,  the  two  great  classes,  aldehydes  and  ketones,  are  difficult  to  dis- 
tinguish from  each  other,  about  the  only  point  of  difference  being  that, 
whfle  aldehydes  oxidize  the  acids,  ketones  break  up  into  simpler  bodies  on 
oxidation. 

The  reactions  above  cited  are  of  pharmaceutic  interest  only  inasmuch 
as  hydroxylamine  and  phenylhydrazine  give  distinct  cryBtaUine  bodies 
with  the  sugar  (these  substances  being  either  of  aldehyde  or  ketone  char- 
acter), hence  these  reagents  are  used  for  testing  sugars. 
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Acetone  has  but  little  medical  value,  its  chief  use  in  pharmacy  being 
as  a  solvent.  For  this  purpose  it  is  used  in  making  the  official  oleoresins. 
It  yields  several  products  of  marked  value  in  medicine,  two  of  which  are 
now  official. 

SULPHONMBTHANUM— Sulphonmefhane 
(Sulphonmeth. — Sulphonal) 

Diethylsulphonedimethylmethane  [CrHwSsOi  or  (CH8)2C(SOjC2H»)j  «  228.27]. 
Preserve  it  in  well-cloeed  containers. 

Sumtnarized  Deacriptian. 

Colorless,  inodorous,  nearly  tasteless  prismatic  crystals  or  a  powder;  soluble  in 
about  360  parts  of  water,  in  about  47  parts  of  alcohol;  also  soluble  in  chloroform  and 
ether;  melts  between  124''  and  I26''G.     For  details  see  U.S.P.,  p.  41S. 

For  tests  for  iderUUyf  for  impurities  see  sulphonethylmethane. 

Remarks. — This  substance,  commonly  called  sidphonal,  is  made  by 
treating  acetone  with  ethyl  mercaptan  and  oxidizing  the  resulting  mer- 
captid  with  potassium  permanganate,  the  equation  being  as  follows: 

CHa\  CBLfv       ySCiHg 

>C0     -h     2C,H5SH     «     H,0     +  >C<: 

CH/  Cn/    ^SCH, 

6fCH,),C(SC,H,),     =      8KMn04     -h     12H,S04     = 

5(CH,)«C(S02C2Ht)t   +  4K,S04   +  SMnSOi   +   12H,0. 

Mercaptan  is  a  liquid  of  very  disagreeable  odor,  made  by  treating 
ethyl  bromide  with  potassium  sulphydrate.  It  can  easily  be  produced 
from  sulphonal  by  heating  same  in  a  test-tube  with  charcoal,  and  this 
affords  a  simple  test  for  the  identification  of  sulphonal. 

Sulphonal  is  a  white,  crystalline  solid,  sparingly  soluble  in  water,  and 
melting  at  125^C.     It  is  a  valuable  hypnotic. 

Dose. — 750  milligrammes  (12  grains). 

SULPHONETHTLMETHANUM— Sulphonethylmefhane 

(Sulphonethylmeth. — Trional ) 

Diethylsulphonemethylethylmethane  [CsHiaSjO*  or  (CH,)(CiH»)C(SO,C,H,),  - 
242.28].     Preserve  it  in  well-closed  containers. 

Summarised  Description. 

Colorless,  lustrous,  odorless  crystalline  scales:  bitter  in  aqueous  solution;  soluble 
in  about  200  parts  of  water;  also  soluble  in  alcohol  or  ether;  melts  between  74^  and 
76^0.;  at  higher  heat  decomposes.     For  details  see  U.S.  P.,  p.  418. 

For  tests  for  ideniUy,  for  impurities:  Sulphates  (barium  chloride  test).    Chloride  | 

(silver  nitrate  test).    Oxidizable  matter  (does  not  readily  decolorize  permanganate 
solution)  see  XJ.S.P.,  p.  418  and  also  Part  V  of  this  book. 

Remarks. — This  body,  introduced  under  the  name  trional,  differs 
from  sulphonal  by  having  an  ethyl  group  in  place  of  one  of  the  methyl 
groups  of  sulphonal,  as  is  shown  below.  It  thus  contains  three  ethyl 
groups,  hence  the  name,  trional.  It  is  made  like  sulphonal,  except 
that  in  place  of  acetone,  ethyl  methyl  ketone  is  employed. 

Tetronal  contains  no  methyl  group,  but  four  ethyls  (see  compared 
formulas  given  below),  and  it  is  made  like  sulphonal,  only  that  diethyl 
ketone  is  used  in  its  manufacture  instead  of  acetone  (dimethyl  ketone). 
Both  trional  and  tetronal  are  used  as  hypnotics  in  12-grain  doses. 

Sulphonal  Trional  Tetronal 

CHr.      ySCCH.  C,H,v      ySO,C,H»  CH*.       ySO,C,H. 

CH/ ^SO,C,H,  Ch/^^SO,C,H,  Cja/  ^SOidH*.  i 
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Propionic  acid  (CaHsCOOH),  discovered  by  Gottlieb  in  1844,  can 
be  made  by  oxidation  of  primary  propionic  alcohol,  as  above  stated, 
and  also  by  the  saponification  of  ethyl  nitrile,  CHSCH2CN.  It  has  no 
pharmaceutic  value,  but  its  derivative,  oxypropionic  acid,  is  official 
under  the  name  of  lactic  acid. 

Three  oxypropionic  acids  are  known:  Ethylidene  lactic  acid,  CHs- 
CHOH-COOH;  ethylene  lactic  acid,  CH2OH— CH,— COOH;  and  sarco- 
lactic  acid.    The  official  acid  is  the  one  first  mentioned. 

ACmUM   LACTICUM— Lactic  Add 

(Acid.  Lact.) 

A  liquid  containing  lactic  acid  [optically  inactive  alphahydroxypropionic  acid. 
CaHeO,  or  CHjCHOHCGOH  -  90.05]  and  lactic  anhydndes,  equivalent  to  a  total 
of  not  less  than  85  per  cent,  nor  more  than  90  per  cent,  of  CiHeOi. 

Summarized  Description. 

Ck)lorleB8,  hy^scopic,  syrupy  liouid;  acid  taste;  miscible  with  water,  alcohol  or 
ether;  insoluole  m  chloroform,  petroleum  benzin  or  carbon  disulphide;  sp.  gr.  1.206; 
below  160**C.  not  vaporized,  above  160°  emits  inflammable  vapors.  For  details  see 
U.S.P.,  p.  17. 

For  tests  for  identity,  for  impurities:  Glycerin  (not  turbid  on  shaking  with  ether). 
Sugars  (do^  not  reduce  Fehlin^'s  solution) .  Organic  matter  (no  dark  zone  when  layered 
on  sulphuric  acid).  Sarcolactic  acid  (no  change  on  adding  copper  sulphate  solution). 
Chloride,  sulphate,  heavy  metals,  phosphoric,  tartaric,  citric  and  oxsdic  acids  (usual 
tests).    For  details  see  tJ.S.P.,  p.  17  and  also  Part  V  of  this  book. 

Remarks. — This  body  was  discovered  by  Scheele  in  1780  as  a  con- 
stituent of  sour  milk.  Besides  in  milk,  it  is  found  in  minute  traces 
in  opium,  and  also  is  found  in  gastric  juice  in  that  form  of  dyspepsia 
we  call  *'sour  stomach."  It  can  be  made  synthetically  in  several  ways, 
but  it  is  of  interest  merely  as  establishing  the  fact  that  it  is  a  derivative 
of  propionic  acid,  the  commercial  source  of  manufacture  being  from  sour 
milk. 

Milk  is  a  fluid  obtained  from  the  cow,  and  consists  of  fat  (butter), 
emulsified  by  means  of  casein.  This  emulsion  is  considerably  diluted 
with  water,  containing  a  variety  of  sugar  called  sugar  of  milk. 

This  sugar  of  milk,  under  the  influence  of  certain  bacteria  found  in 
the  air,  ferments  to  lactic  acid.  The  actual  method  of  production 
from  milk  is  first  by  removing  the  butter  in  churning,  then  separating 
the  casein  by  the  addition  of  acid.  The  liquid  remaining  after  the  curd 
has  been  removed  is  called  the  whey,  and  contains  the  sugar  of  milk. 
If  this  whey  is  concentrated  and  allowed  to  stand,  the  milk  sugar  crystal- 
lizes (p.  628),  but  if  the  same  is  allowed  to  stand  until  fermentation  sets 
in,  lactic  acid  continues  to  form  until  the  solution  contains  1.6  per  cen  . 
acid,  when  the  ferment  becomes  inactive.  If  the  acidity  of  the  mixture 
is  lessened  by  treatment  with  zinc  carbonate  or  chalk,  the  fermentation 
continues  and  the  addition  of  alkali  is  carried  on  in  actual  practice  in 
order  to  obtain  a  larger  percentage  of  the  acid.  Of  course,  the  finished 
product  in  such  cases  is  either  zinc  or  calcium  lactate,  but  the  acid  can 
be  easily  freed  from  the  metal  by  treatment  with  sulphuric  acid.  Lactic 
acid  is  now  being  made  commercially  by  fermentation  of  glucose  by 
the  lactic  acid  ferment. 

Lactic  acid  is  a  thick,  syrupy  liquid,  of  specific  gravity  1.206.  It 
alwa3rs  contains  water,  the  strength  of  the  official  acid  being  from  85  to  90 
per  cent.     By  removing  all  the  water  a  new  body,  lactone,  is  formed. 

Dose. — Of  lactic  acid  2  mils  (30  minims). 

30 
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SYRUPUS  CALCn  LACTOPHOSPHATIS— Syrup  of  Calcium  Ucto- 

phosphate 

This  official  is  made  by  mixing  25  grammes  of  precipitated  calcium 
carbonate  with  60  mils  lactic  acid,  previously  diluted  with  100  mils  water, 
whereby  a  solution  of  calcium  lactate  is  obtained.  To  this  is  added 
36  mils  phosphoric  acid,  diluted  with  50  mils  water,  and  the  mixture 
triturated  until  a  perfect  solution  results.  After  adding  100  mils  water 
the  liquid  is  filtered  and  to  the  filtrate  50  mils  of  orange  flower  water  is 
added,  and  650  Gm.  sugar  dissolved  therein  by  cold  agitation.  Then  add 
enough  water  to  make  1000  mils. 

It  is  used  as  a  nutritive  tonic  in  wasting  diseases. 

Dose. — 10  mils  (2^  fluidrachms). 

Polyatomic  alcohols  are  those  containing  more  than  one  hydroxy! 
group.  Thus  while  alcohol,  CjHbOH,  containing  one  hydroxyl,  is 
monatomic,  glycol  being  CaH4(OH)2,  is  diatomic,  and  glycerin,  CsHi- 
(0H)8;  ifi  triatomic;  hence  the  last  two  are  polyatomic  alcohols. 

GLYCERINUM— Glycerin 
(Glycerin. — Glycerol) 

A  liquid  obtained  by  the  hydrolysis  of  vegetable  or  animal  fats,  or  fixed  oils,  puri- 
fied by  distillation,  and  containing  not  less  tnan  95  per  cent,  of  the  trihydric  alcohol 
CHaCOH)!  or  CHsOHCHOHCHsOH  (92.06).    Preserve  it  in  well-closed  containers. 

Summarized  Deacription. 

Clear,  colorless  fiquid  of  thick  syrupy  consistence;  slight  odor;  sweet  and  then  warm 
taste;  miscible  with  water  and  alcohol;  insoluble  in  chloroform,  ether,  benzene,  petro- 
leum benzin,  carbon  disulphide,  fixed  and  volatile  oils;  sp.  gr.  about  1.249;  volatilizes 
when  concentrated  at  lOO^C.    For  details  see  U.S. P.,  p.  203. 

For  tests  for  identity,  for  impurities:  Carbonizable  matters  (does  not  color  sulphuric 
acid).  Fatty  acids  and  esters  (form  of  volumetric  test).  Acrolein  and  glucose  (does 
not  turn  yellow  with  potassium  hydroxide  solution).  Excess  of  chlorides  (a  mooified 
volumetric  test).  Ammonium,  sulphuric  and  oxalic  acids,  heavy  metals,  arsenic 
(usual  tests)  see  TJ.S.P.,  p.  203  and  also  Part  V  of  this  book. 

Remarks, — This  interesting  body  was  discovered  by  Scheele  in  1789 
in  the  wash-water  in  making  lead-plaster.  It  was  first  analyzed  by 
Pelonze  in  1837,  while  its  structural  formula  was  worked  out  by  Wuerta 
(1855).  Its  introduction  as  a  commercial  conmiodity  was  between 
1844  and  1850,  during  which  time  it  was  introduced  by  Price,  of  Eng- 
land, Sarg,  of  Vienna,  and  Robert  Shoemaker,  of  Philadelphia. 

Glycerin  has  been  made  synthetically  and  by  several  methods,  none 
of  which  is  of  interest  save  as  establishing  the  structural  formula  as- 
signed above.  It  is  obtained  conmiercially  from  fats,  these  being  derivar 
tives  of  glycerin  with  oleic,  stearic,  and  palmitic  acids  (p.  663). 

If  a  fatty  oil,  such  as  oUve  oil,  be  treated  with  lead  oxide  in  the  manu- 
facture of  lead  plaster,  a  double  decomposition  occurs,  with  the  formation 
of  lead  oleate  and  the  freeing  of  glyceryl  hydroxide,  as  fully  explained 
on  p.  1004,  and  this  was  the  original  method  of  the  manufacture  of  glycerin. 

In  1854  Tilgman  found  that  glycerin  could  be  obtained  from  the  fats 
by  treating  same  with  superheated  steam,  and  this  is  the  method  generally 
applied  at  present,  the  reaction  being: 

CHaCuHttO,  HOH  CHjOH  HCiaH,»0, 

CH  CnH»0»      +     HOH     -     CHOH       +     HCiaHa.O, 
CH>CuHmO,  HOH  CHjOH  HCuH„Oi 

Steann.  Three  molecules    Glycerin.  Three  molecules  of 

of  water.  stearic  add. 
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This  saponification  can  also  be  accomplished  by  treating  the  fat  with 
diluted  sulphuric  acid  in  the  presence  of  a  catal3rtic  agent,  such  as  sul- 
phonated  benzene. 

Crude  glycerin  thus  obtained  has  to  be  purified  by  distillation  in 
vacuo,  although  it  is  said  that  the  chemically  pure  product  can  be  dis* 
tilled  without  decomposition  at  ordinary  atmospheric  pressure. 

Glycerin  is  a  transparent,  viscid  liquid,  of  sweetish  taste,  of  specific 
gravity  1.25.  As  already  mentioned,  glycerin  is  a  solvent  of  peculiar 
value,  inasmuch  as  it  is  also  antiseptic;  it  is  used  medicinally  as  a  pro* 
tective  in  the  form  of  carbolated  glycerin  (glycerite  of  phenol,  U.S.P.), 
and  when  used  in  the  form  of  glycerin  suppositories,  it  acts  as  a  purga- 
tive. Glycerin  is  also  much  esteemed  as  an  ingredient  of  domestic 
cough  remedies. 

Dose, — 4  mils  (1  fluidrachm). 

Glycerin,  when  treated  with  oxalic  acid,  3delds  formic  acid  and 
when  treated  with  potassium  bisulphate,  yields  acrolein  by  the  follow- 
ing reaction: 

CH,OH  CH, 

CHOH     4-    KHSO4     -      CH     +    2H,0     +     KHSO4. 

CH2OH  CHO 

Acrolein  is  the  aldehyde  of  allyl  alcohol,  has  a  very  disagreeable 
odor,  and  is  very  irritating  to  the  eyes  and  throat.  It  is  familiar  as  the 
disagreeable  odor  of  burning  fat. 

Nitroglycerin. — This  ester  of  glycerin  was  discovered  by  Sobrero  in  1847. 
It  is  made  by  placing  glycerin  in  a  freezing  mixture  and  allowing  a  mix- 
ture of  nitric  acid  and  sulphuric  acid  to  drip  down  upon  it,  cautiously 
stirring  the  finished  product  and  then  diluting. 

Like  stearin  and  olein,  nitroglycerin  is  an  ester  of  glycerin.  On 
p.  653  is  given  the  graphic  formula  of  olein  and  of  stearin;  to  these 
we  will  add,  for  comparison,  the  graphic  formula  of  nitroglycerin: 

CH,NO, 
CHNOa 

CHjNG,. 

Reference  to  p.  594  will  show  that  the  ester,  ethyl  nitrite,  C2H6NOJ, 
was  made  by  treating  grain  alcohol — ethyl  hydroxide,  C2HfiOH — with 
nitrous  acid,  by  the  following  reaction: 

CHftOH     +    HNOa     -     H,0     +    C,H.NO,. 

Even  so,  the  ester,  nitroglycerin,  C8H6(N03)8,  is  made  by  treating 
the  alcohol,  glyceryl  hydroxide — glycerin,  C8H6(OH)j — with  nitric  acid, 
HNO3,  by  the  following  reaction: 

C,He(OH),     +    3HN0,     =     3H,0     +    CHjCNO,),, 

sulphiuic  acid  being  used  as  the  dehydrating  agent  (p.  595). 

Nitroglycerin  in  concentrated  form  is  used  as  an  explosive,  it  being 
one  of  the  most  rapid  and  dangerous  of  known  explosives.  As  explained 
on  p.  423,  an  explosive  is  a  body  which,  under  appropriate  treatment, 
will  rapidly  be  converted  into  a  large  amount  of  gas  or  vapor,  and  under 
this  test  nitroglycerin  is  one  of  the  most  powerful,  since  one  volume  of 
nitroglycerin  will,  on  explosion,  yield  713  volumes  of  gas,  while  one  volmne 
of  gimpowder  yields  only  280  volumes  of  gas. 
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Nitroglycerin,  while  so  valuable  an  explosive,  possesses  an  element 
of  safety,  inasmuch  as  it  is  not  easily  set  off,  it  being  exploded  only  by 
being  rapidly  heated  or  by  concussioQ,  and  in  order  to  obtain  the  best 
results  the  latter  method  is  usually  employed,  the  charge  of  nitroglycerin 
being  placed  in  contact  with  a  cap  of  fulminating  mercury,  which  is 
fired  either  by  a  fuse  or  by  electric  connection. 

The  liquid  form  of  nitroglycerin  being  inconvenient  in  many  cases, 
explosive  modifications  of  a  solid  character  have  been  devised.  Thus, 
dynamite  is  a  mixture  of  one  part  of  infusorial  earth  with  three  parts  of 
nitroglycerin. 

Nitroglycerin,  like  all  esters,  can  be  saponified  by  alkali.  Thus  we 
have  already  found  that  ethyl  nitrite,  when  treated  with  potassa,  is 
converted  into  alcohol  and  potassium  nitrite,  so  in  the  same  way  nitro- 
glycerin treated  with  potassium  hydroxide  yields  inert  glycerin  and 
equally  harmless  potassium  nitrate  by  the  following  reaction: 

CHsCONO,),     -h    3K0H     =     C,H.(OH),     -|-    3KN0,. 

This  gives  a  hint  as  to  avoiding  explosion  if  nitroglycerin  or  its  spirit 
is  accidentally  spilled. 

SPIRITUS  GLYCERYLIS  NITRATIS— Spirit  of  Glyceryl  Trinitrate 
(Sp.    Glyceryl.    Nit. — Spirit    of    Glonoin — Spirit    of    Nitroglycerin) 

An  alcoholic  solution  containing  not  less  than  1  per  cent,  nor  more  than  1.1  per 
cent,  of  CsH«(NO|)t  (227.07).  Preserve  it  in  well-6toppered  bottles  in  a  cool,  dark 
place,  remote  from  fire. 

Great  care  must  be  exercised  in  diq;>ensing,  handling,  packing,  transporting,  and 
storing  this  Spirit,  since  a  dangerous  explosion  may  result  if  any  considerable  quantity 
of  it  is  spilled,  and  the  alcohol  wholly  or  partly  lost  by  evaporation.  If,  through 
accident,  it  is  spilled,  a  solution  of  potassium  hydroxide  must  be  poured  over  it  at 
once  to  effect  partial  decomposition. 

Summarized  Descripiian, 

Clear,  colorless  liquid;  alcohol  odor:  very  toxic,  hence  taste  with  caution;  sp.  gr. 
0.814  to  0.820.     For  other  tests  see  U.S.P.,  p.  407. 

Remarks. — This  official  is  a  1  per  cent,  alcoholic  solution  of  nitro- 
glycerin. It  is  a  colorless  liquid^  of  alcoholic  taste.  The  pharmacopoeia, 
however,  gives  warning  that  utmost  care  must  be  exercised  when  tasting, 
as  even  a  small  quantity  is  liable  to  produce  violent  headache.  It  is 
also  well  to  heed  the  pharmacopoeia!  warning  that  the  spirit  must  be 
handled  with  the  utmost  caution,  for  if  spilled,  the  alcohol  will  evaporate 
and  the  explosive  properties  of  the  nitroglycerin  will  be  exerted.  Note 
that  the  pharmacopoeia  directs  that  the  danger  of  explosion  is  lessened  by 
adding  solution  of  potassa  to  the  spot. 

Spirit  of  nitroglycerin  is  used  as  a  heart  stimulant. 

Dose. — 0.05  mil  (1  minim). 

Glyceryl-phosphoric  Acid. — In  1845,  Gobley  discovered  in  yolk  of 
egg  a  substance  which  proved  to  be  a  compoimd  of  glycerin  and  phos- 
phoric acid;  the  structure  of  which  is  supposed  to  be  CH20P0(0H)j 
— CHOH— CH2OH.  An  isomere  of  this  substance  where  the  phosphoric 
acid  radicle  is  attached  to  central  carbon  atom  of  the  glycerin  structure 
is  also  known.  Both  of  these  acids  form  salts  and  combinations  of  these, 
with  calcium  glycerophosphate  as  leading  ingredient  have  become  quite 
popular.  At  present  glycerophosphoric  acid  is  made  by  the  condensation 
of  the  two  ingredients. 

The  present  pharmacopoeia  recognizes  sodium  glycerophosphate  (p. 
436),  and  calcium  glycerophosphate  (p.  473). 
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Borogljrcerin,  CiHsBOt,  is  the  boric  acid  ester  of  glycerin,  and  is  made  by  heating 
glycerin  with  boric  acid.  For  details  of  operation  see  Glycerite  of  Boroglycerin, 
IJ.S.P.  (p.  211).  The  official  glycerite  can  be  considered  as  a  50  per  cent,  solution 
of  boroglycerin,  as  the  following  calculation  shows: 

Reaction:  C.HbCOH),     +     H,BO,     «     3H,0     +     CaH.BOa. 

92  62  54  100 

From  the  molecular  weight  just  given  it  is  seen  that  62  Gm.  boric  acid  plus  02  Gm. 
glycerin  give  100  Gm.  boroglycerin,  and  as  the  pharmacopoeial  recipe  (given  on  p. 
211)  directs  310  Gm.  boric  acid  plus  460  Gm.  glycerin,  that  this  be  heated  until  500. 
Gm.  remain,  and  that  this  be  mixed  with'  500  Gm.  glycerin,  it  is  plain  that  the  above 
ouantities  (five  times  the  theoretic  amounts)  will  yield  500  Gm.  boroglycerin.  and 
that,  therefore,  the  finished  glycerite  contains  50  per  cent,  boroglycerin.  Tnis  is 
important,  inasmuch  as  boroglycerin  is  frequently  prescribed  in  10  per  cent.,  20  i>er 
cent.,  or  30  per  cent,  solution,  and  such  should  be  made  by  properly  diluting  the  official 
glycerite  with  glycerin. 

Fats  are  esters  of  glycerin  with  oleic,  stearic,  and  palmitic  acids. 
They  will  be  considered  in  a  special  chapter  as  derivatives  of  the  acids 
just  mentioned.     As  mentioned  above,  the  radicle — 

CHr- 

in- 

found  in  glycerin  is  called  glyceryl.  This  is  not  to  be  confused  with 
another  radicle  (CsHs)  having  the  formula  CH2  =  CH — CHj,  called 
allyl.  AUyl  is  an  unsaturated  radicle,  and,  therefore,  possesses  but 
one  free  bond,  while  glyceryl  is  a  saturated  radicle  and  has  three  free 
bonds.  Three  compounds  of  allyl  are  worth  passing  notice:  acrolein 
(allyl  aldehyde),  CH2  =  CH — CHO,  just  described  as  one  of  the  products 
obtained  on  strongly  heating  glycerin;  allyl  sulphide,  (CH2  =  CH — 
CH2)2S,  the  odorous  constituent  of  oil  of  garlic;  and,  lastly,  allyl  isothio- 
cyanate  (oil  of  mustard),  which  will  be  considered  among  the  cyanogen 
derivatives  (p.  674). 

BUTANE 

(C4H10) 

The  butane  derivatives  of  general  importance  are: 

The  butyl  alcohols C4H.OH. 

Butyl  chloral  hydrate CCUCHjCHjCHO  -f  H,0. 

Butyric  acids CHsCHjCHjCOOH,  etc. 

Succinic  acid CjH4(COOH),. 

Malic  acid C,H,(OH)(COOH),. 

Tartaric  acid,  U.S.P C2H,(OH)2(COOH),. 

The  haloid  derivatives  of  butane  are  of  no  pharmaceutic  interest. 
Butyl  alcohols,  C4H9OH,  are  found  in  four  forms,  for  it  will  be  noticed 
on  p.  576  the  number  of  isomeres  increase  in  proportion  to  the  number  of 
carbon  atoms  in  a  compound. 

Of  these  butyl  alcohols,  the  primary  CH8CH2CH2CH2OH  is  of 
interest  as  being  one  of  the  constituents  of  crude  fusel  oil.  On  oxidation 
the  primary  alcohol  yields  butyric  aldehyde,  and  then  the  oxidation 
product  of  butyric  aldehyde,  butyric  acid. 

Tertiaiy  butyl  alcohol,  (CH3)8COH,  is  of  interest  because  its  trichlor-derivative — 
(CHj)jCC1»C0H — is  being  considerably  advertised  under  the  names  chloretone  or 
chlorbutanci.  It  is  made  d^  treating  a  mixture  of  chloroform  and  acetone  with 
caustic  alkalis,  and  is  a  white  crystalline  solid,  soluble  in  125  parts  of  water,  very 
soluble  in  alconol.     It  is  used  as  a  hypnotic  in  doses  of  5  to  20  grains. 

BromeUme,  (CHs)sCBriCOH,  has  oeen  obtained  in  white  crystals  melting  at  167^0. 
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A  derivative  of  butjoic  aldehyde  (CH8CH2CH2CHO)  is  butyl  chloral 
hydrate  (CCI3CH2CH2CHO  +  H2O),  which  was  discovered  by  Kraemer 
and  Pinner  in  1870,  who,  on  its  discovery,  thought  it  was  the  isomeric 
**crot(m  chloral  %drate,"*and  under  this  name  the  product  was  introduced 
into  commerce  as  a  hypnotic.    Dose, — 0.3  to  0.6  Gm.  (5  to  10  grains). 

Two  biUyric  acids  are  known:  (1)  CH3CH2CH2COOH  (normal) 

(2)  (CH8)2CHCOOH  (iso). 

The  first  of  these  is  a  constituent  of  sweat,  while  its  glycerin  ester  com- 
prises 2  to  3  per  cent,  of  butter.  From  its  discovery  in  butter  the  name, 
butyric  acid,  is  obtained. 

Butyric  ether  is  the  ester  of  butyric  acid  made  bv  treating  it  with  ethyl  alcohol 
in  the  presence  of  a  dehydrating  agent.  It  is  a  colorless  liquid  of  fruity  odor  boiling 
at  121 C,  that  is  used  largely  in  making  artificial  fruit  essences. 

Banana  oiZ  is  a  mixture  of  butyric  ether,  1  part;  am^rl  acetate,  1  part,  and  alcohol 
5  parts.     It  is  used  lai^^ly  as  a  solvent  in  the  gilding  industry. 

Succinic  acid, 

COOH— CH2— CH2— COOH 

can  be  considered  as  butyric  acid  in  which  the  end  methyl  group  is 
converted  into  carboxyl.  It  occurs  naturally  in  amber  {sucdnum), 
hence  its  name,  and  is  also  found  in  certain  fruit-juices. 

Succinic  acid  is  a  white,  crystalline  body,  used  in  medicine  to  a  certain 
extent  for  rheumatism  and  bronchitis. 

Dose, — 0.3  to  1.0  Gm.  (5  to  15  grains). 

Malic  acid, 

COOH— CHOH— CH2— COOH 

can  be  considered  as  monoxysuccinic  acid,  that  is,  succinic  acid  in  which 
one  hydrogen  is  replaced  by  hydroxyl.  Malic  acid  was  discovered  in 
apples,  Pyrus  Malus,  by  Scheele  in  1785,  and  can  be  made  synthetically 
from  succinic  acid.     An  amido  derivative  of  succinic  acid  is  asparagiuy 

CONH2— CHNH2— CH2COOH 

which  is  found  in  many  plants. 

Malate  of  iron  is  sometimes  used  as  a  tonic.  It  is  a  constituent  of  ferraled  extract 
of  apriea  N.F.  (p.  281)  which  is  made  by  treating  reduced  iron  with  fresh  apple  juice 
and  then  evaporating  the  resulting  solution  of  crude  ferrous  malate  to  a  pilular  extract. 

Tartaric  acid, 

COOH— CHOH— CHOH— COOH 

is  dioxysuccinic  acid,  and  was  found  by  Scheele  in  1769  in  cream  of 
tartar.  It  is  interesting  as  being  found  in  four  distinct  varieties,  and 
more  striking  is  that  all  of  them  seem  to  have  the  same  graphic  formula. 
The  difference  among  these  tartaric  acids  is  chiefly  their  behavior  toward 
polarized  light,  the  one  rotating  the  ray  to  the  right,  hence  called  dex- 
trogyre,  another  rotating  light  to  the  left,  or  levogyre;  a  third  does  not 
deviate  the  ray  of  light  at  all,  hence  called  inactive,  and  the  fourth 
modification,  which  is  also  inactive,  is  racemic  acid. 


The  experiments  of  the  three  tartaric  acids  first  mentioned,  performed  bv  Pasteur, 
have  become  classic,  as  constituting  foundations  of  the  theory  of  Van  t'Hoff  ('^Chem- 
istry in  Space"). 

Pasteur  proved  that  the  crystals  of  the  dextrogyre  tartaric  acid  and  of  the  levo- 
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gyre  tartaric  acid  differ  from  each  other  only  in  the  fact  that  one  is  the  exact  mirror 
picture  of  the  other.  He  also  proved  that  the  inactive  was  a  mixture  of  equal  quan- 
tities of  dextrogyre  and  levogyre  tartaric  acids. 

Van  t'HoS  took  up  the  stuay  of  the  tartaric  acids  as  opening  a  new  field  of  thought. 
\)p  to  this  time  chenucal  formulas  were  considered  as  Himply  pictures  on  flat  surfaces, 
while  hia  efforts  were  directed  to  attempt  to  show  the  exact  iDcation  of  the  constituent 
atoms  in  a  molecule,  as  to  length,  breadth,  and  thicknem.  It  is,  of  course,  far  beyond 
the  scope  of  this  work  to  give  any  details  of  this  fascinating  theory,  and  the  reader  is, 
therefore,  referred  to  Van  t'Hoff's  book.  Suffice  it  to  say  that  Van  t'Hoff'a  theory  ia 
that  the  real  difference  among  the  three  tartaric  acids  is  merely  t!^e  relative  difference 
between  the  position  of  the  hydrogen,  hydroxyl,  and  carboxyl  which  they  contain,  and 
he  gives  the  following  pictures  of  theee  three  interesting  bodies: 


FT«.  241.— T»rt»rio  Acid  FofmulM.    a.  Doitrocvnip;  b.  LevoomiU;  t.  loootiTs. 

He  also  discovered  a  very  interesting  fact  in  regard  to  these  bodies,  namely,  that 
each  bond  of  the  two  central  carbon  atoms  of  the  above  pictures  is  attached  to  a 
different  atomic  grouping;  thus  one  bond  is  attached  to  the  other  central  carbon  atom, 
another  to  a  carboxyl,  a  third  to  a  hydrogen,  and  a  fourth  to  a  hydroxyl.  A  carbon 
atom  in  which  each  bond  is  attached  to  different  groups  is  called  an  atymmetrie 
carbon  atom,  and  is  a  constituent  of  all  organic  bodies  which  polarize  light.  This 
'  important  statement  was  made  about  thirty-three  years  ago,  and  not  only  has  never 
been  disproved,  but  is  now  accepted  as  a  fact.  To  understand  ttiis  very  striking 
chapter  of  newer  chemistry  thoroughly,  a  knowledge  of  polarisation  is  essential,  and 
as  this  is  plainly  beyond  the  limits  of  the  present  volume,  the  reader  is  advised  to 
study  the  question  in  some  standard  work  of  physics. 

ACEDDM  TARTARICUM— Tartaric  Acid 

(Acid.  Tart.) 

1  or  argol.     It  contains  not 


Remarks. — The  official  tartaric  acid,  which  is  the  dextrogyrate  variety, 
occurs  in  the  juice  of  grapes  and  in  other  fruit  in  the  form  of  acid  potaa- 
sium  tartrate  and  calcium  tartrate,  its  commercial  source  being  from 
argol,  which  represents  the  acid  potassium  tartrate  which  deposits  from 
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wine  during  the  process  of  aging.  The  crude  tartar  of  argol  is  cooked  with 
chalk,  thus  forming  calcium  tartrate,  which  is  then  heated  with  sulphuric 
acid,  forming  insoluble  calcium  sulphate  and  soluble  tartaric  acid.  A 
solution  of  the  latter  is  then  evaporated  and  crystalUzed. 

Tartaric  acid  is  used  as  a  refrigerant,  especially  in  the  form  of  potas- 
sium bitartrate.  The  acid  is  a  constituent  of  the  official  Seidlitz  powders 
and  is  interesting  by  reason  of  its  ability  to  form  three  distinct  classes 
of  salts — ^normal,  acid,  and  double.     (See  p.  362.) 

Dose. — 500  milligrammes  (8  grains.) 

PENTANE 
(C5H1.) 

The  pentane  derivatives  of  pharmaceutic  interest  are: 

Amyl  alcohols C»HiiOH. 

Amyl  nitrite,  U.S.? CftHuNOj. 

Valerianic  aldehyde C4H,CH0. 

Valerianic  acids C4H»COOH. 

The  halogen  derivatives  of  pexiLane  are  of  no  pharmaceutic  interest. 
The  monatomic  alcohols  of  pentane  are  not  called  pentyl  alcohols,  but 
go  by  the  name  of  amyl  alcohols,  being  so  called  because  found  abun- 
dantly in  the  spirit  obtained  by  fermenting  starch  (amylum). 

The  amyl  alcohols,  CsHnOH  are  interesting  as  being  the  chief  con- 
stituents of  fusel  oil. 

There  are  eight  isomeric  forms  of  amyl  alcohols  possible,  and  of  these, 
seven  are  known. 

AMYLIS  NITRIS— Amyl  Nitrite 
(AmyL  Nitris) 

A  liquid  containing  not  less  than  80  per  cent,  of  C&HuNOt  (117.10)  (chiefly  iso- 
amvl  nitrite).  Preserve  it  in  hermetically  sealed  glass  bulbs,  or  in  glassHstoppered 
vials,  in  a  cool  place,  protected  from  light. 

Summarized  Description. 

Clear  yellowish  liquid;  ethereal  fruity  odor;  pungent  aromatic  taste;  almost  in- 
soluble in  water;  miscible  with  alcohol  or  ether;  sp.  gr.  0.865  to  0.875;  very  volatile; 
inflammable,  burning  with  a  yellow  sootv  flame.    For  details  see  U.S. P.,  p.  48. 

For  tests  for  identity,  for  impurities:  Free  acid  (a  modified  volumetric  test).  Alde- 
hyde (does  not  darken  ammoniacal  silver  nitrate  solution)  see  U.S.  P.,  p.  48  and  also 
Part  V  of  this  book. 

Assay, — Details  identical  with  assay  for  spirit  of  nitrous  ether  (p.  594)  except 

j.\,  J.  t    ±     '       volume  gas  X  4.8 

that  factor  is  — r-^r-L — ^    -x  -x r- 

weight  of  nitrite  used. 

Remarks, — This  ester,  which  is  quite  similar  to  ethyl  nitrite  (p.  594), 
is  made  by  practically  the  same  process  as  the  former,  namely,  by  treating 
amyl  alcohol  with  potassium  nitrite  and  sulphuric  acid,  and  distilling 
over  the  reaction  products. 

It  can  also  be  made  by  treating  fusel  oil  or  amyl  alcohol  with  nitric 
acid  and  copper,  the  copper  reducing  the  nitric  acid  to  the  nitrous  form. 
This  yields  the  oflScial  product,  which  consists  of  about  80  per  cent,  of 

iso-amyl  nitrite,  prf*  yCHCH2CH2N02,  the  rest  being  mixture  of  nitrites 

of  the  other  amyl  alcohols. 

Amyl  nitrite  is  a  limpid,  light  yellow  liquid,  of  pleasant  but  striking 
odor,  and  sharp  taste.    While  it  boils  at  96°  to  99**C.,  it  is  very  volatile 
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at  ordinary  temperatiires,  hence  the  preservation  of  amyl  nitrite  calls 
for  considerable  care,  and  the  best  form  in  which  it  can  be  put  up  is  in 
sealed  glass  tubes  rather  than  in  glass-stoppered  bottles. 

Not  merely  is  loss  experienced  in  amyl  nitrite  by  evaporation,  but 
also  by  reason  of  the  fact  that  in  presence  of  moisture  it  decomposes  into 
amy]  alcohol  and  nitrous  acid  by  the  following  reaction. 

CftHiiNG,     +     Hrf)     =     CftHiiOH     +     HNO,; 

hence  in  order  to  preserve  amyl  nitrite,  it  is  necessary  that  it  be  kept 
absolutely  dry. 

Amyl  nitrite  is  a  verj*^  valuable  medicine,  because  it  furnishes  a  specific 
in  cases  of  suffocation  resulting  from  attacks  of  angina  pectoris.  When 
sharp  spells  of  this  distressing  complaint  come  on,  the  inhalation  of  amyl 
nitrite  usually  gives  relief.  Amyl  nitrite  is  put  up  for  this  purpose  in 
"pearlsy"  that  is,  in  small  hollow  shells  of  thin  glass  hermetically  sealed. 
When  the  attack  begins,  the  patient  crushes  one  of  these  pearls  in  a  hand- 
kerchief and  inhales  the  escaping  vapor. 

Dose. — By  inhalation,  3  decimils  (3  minims). 

The  primary  amyl  alcohol  on  oxidation  yields  valerianic  aldehyde, 

and  this  in  turn  yields  valerianic  acid.    Secondary  amyl  alcohols,  on 

C  H  \ 
the  other  hand,  yield  on  oxidation  either  diethyl-ketone,   p*xj*/CO, 

CH  \ 
or  methyl   propyl   ketone,   q  h'x^^' 

Valeric  Acid  (C4H9COOH). — Four  modifications  of  valeric  acid  are 
known : 

Propyl  acetic  acid,  CsHtCHiCGOH. 

Isopropyl  acetic  acid,  CHjv 

>CHCH2COOH. 

Methyl  ethyl  acetic  acid,     CHiy 


jCHCOOH. 
Trimethyl  acetic  acid,  CHs\ 


ch/ 


CHr^CCOOH, 

and  of  these,  the  one  usually  found  in  commerce  is  the  isopropyl  acetic 
acid,  this  body  being  recognized  in  pharmacy  as  cicidum  vcderianicum. 

Valerianic  acid  is  a  constituent  of  some  animal  fluids,  such  as  sweat. 
It  is  also  found  in  the  form  of  esters  in  dolphin  fat,  but  the  chief  natural 
origin  of  valerianic  acid,  from  which  it  obtains  its  name,  was  from  valer- 
ian root,  from  which  it  is  obtained  by  distillation  with  water. 

Usually,  however,  it  is  made  by  the  oxidation  of  the  appropriate 
amyl  alcohol  with  potassium  dichromate  and  sulphuric  acid. 

Valerianic  acid  is  a  mobile,  oily  liquid,  boiling  at  175°C.,  of  specific 
gravity  0.935,  having  the  characteristic  odor  of  valerian.  It  combines 
with  alkalis  to  form  salts,  such  as  the  valerianates  of  ammonium,  iron, 
and  zinc,  each  of  which  is  discussed  under  its  respective  metal,  hence  it  is 
only  necessary  here  to  cite  that,  in  order  to  get  a  white  crystalline  sample 
of  ammonium  valerianate,  monohydrated  valerianic  acid  must  be  used, 
and  not  the  trihydrated  frequently  found  in  commerce.  The  trihydrated 
can  be  converted  into  the  monohydrated  by  crystallizing  a  mixture  of 
neutral  sodium  valerianate  with  the  crude  acid,  and  treating  the  crystal- 
line acid  salt  with  concentrated  sulphuric  acid. 
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Valine  is  alpha-amino-isovaleric  acid,(CH|)  sCHCH(NHt)COOH.  It  is  an  active 
constituent  of  ergot.     (See  p.  837.) 

While  tricarballylic  acid,  citric  acid,  and  aconitic  acid  are  derivatives 
of  hexane,  they  can  be  most  conveniently  discussed  in  this  chapter, 
leaving  the  next  chapter  for  the  sole  consideration  of  those  very  important 
hexane  derivatives,  the  carbohydrates. 

Tricarballylic  Acid  (CsH«(COOH)t). — ^This  acid  with  the  long  name  is  cited  not 
because  of  its  pharmaceutic  value,  but  merely  because  it  is  the  connecting  link  be- 
tween the  compounds  just  mentioned  and  of  the  important  organic  acid  which  will 
be  cited  next.  It  will  be  seen,  from  the  formula  given  below,  that  this  represents 
that  acid  of  hexane  containing  three  carboxyls,  and  which,  tneref ore,  may  be  con* 
sidered  as  the  oxidation  product  of  primarv  triatomic  hexyl  alcohol.  It,  therefore, 
serves  the  purpose  of  introducing  its  oxy-derivative,  which  is  none  other  than  cUrie 
add,  C,H|OH(COOH),. 

ACroUM  CITRICUM— Citric  Acid 

(Acid.  Cit.) 

A  tribasic  organic  acid  usually  obtained  from  the  juice  of  limes  or  lemons.  It 
contams  not  less  than  99.5  per  cent,  of  CeHsOT  +  HsO  or  CsH4(OH)(CXX)H),  +  HtO 
(210.08).     Preserve  it  in  well-closed  containers. 

Summarized  Descrivtian, 

Colorless,  translucent,  right-rhombic  prisms  or  white  powder;  soluble  in  about 
0.5  part  of  water,  in  about  1.5  parts  of  alcohol  and  in  21  parts  of  ether.  For  details 
see  U.S.P.,  p.  9. 

For  tests  for  identity,  for  imTpurities:  Tartaric  acid  (no  odor  of  burnt  sugar  on  igni- 
tion; does  not  color  sulphuric  acid  more  than  yellow).  Oxalic  acid  (the  calciimi  test). 
Sulphuric  acid  and  lead  (usual  tests)  and  for  assay  dee  U.S.P.,  p.  9  and  also  Part 
V  of  this  book. 

Remarks. — Citric  acid  was  isolated  by  Scheele  in  1789  from  the  juice 
of  lemon,  and  analyzed  by  Liebig  in  1831 ;  while  the  structm*e  of  the  body 
was  proposed  by  Salet  (1868)  and  confirmed  by  Grimaux  and  Adam 
(1880). 

Citric  acid  occurs  in  the  juic^  of  the  lemon  and  some  other  fruits, 
the  former,  however,  being  the  source  of  the  commercial  article.  By 
treating  lemon-juice  with  calcium  carbonate,  calcium  citrate  is  precipi- 
tated out,  and  this  precipitate,  after  being  thoroughly  washed,  is  treated 
with  sulphuric  acid,  whereby  a  precipitate  of  calcium  sulphate  is  formed 
and  citric  acid  goes  into  solution.  The  citric  acid  solution  is  then  con- 
centrated in  vacuo  and  allowed  to  crystallize. 

Several  syntheses  of  citric  acid  have  been  accomplished,  one  of  which  is  from  car- 
ballylic  acid,  thus  proving  its  structural  formula.  None,  however,  has  attained  com- 
mercial value. 

A  fermentation  process  of  manufacture  in  which  glucose  is  acted  upon  by  a  special 
enzyme  in  the  presence  of  a  trace  of  nitrogenous  matter,  has  been  devised  by  Buchner. 

Citric  acid  occurs  in  translucent,  right-rhombic  prisms,  melting  at 
152^  to  153^C.,  having  the  specific  gravity  1.6,  and  soluble  in  0.5  part  of 
water. 

Citric  acid  crystallizes  with  one  molecule  of  water  of  cr3r8tallization, 
and  is  prone  to  efflorescence.  Moreover,  if  the  acid  is  heated  to  175^C.| 
it  will  not  merely  lose  its  water  of  crystallization,  but  also  a  molecule  of 
water  from  its  own  structural  formula,  with  formation  of  a  new  body, 
aconitic  acid. 

It  may  be  well  to  compare  the  graphic  formula  of  the  three  acids 
just  mentioned  along  with  the  alcohol  from  which  derived: 
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Primarv  triatomic 
hexyl  alcohol. 

CH,CH,OH 

I 
CH— CHtOH 

CH,CH,OH 


Tricarballylic 
acid. 

CHiCOOH 

CHCOOH 

CH2COOH 


Citric 
acid. 

CHjCOGH 

COHCOOH 

CHiCOOH 


Aconitic 
acid. 

CHCOOH 
C— COOH 
CHiCOOH. 


The  fact  that  citric  acid  easily  parts  with  a  molecule  of  water  should 
always  be  borne  in  mind,  and,  therefore,  undue  heat  should  not  be  used 
in  evaporating  a  solution  of  citric  acid  or  of  its  salts.  In  fact,  the  evapo- 
ration should  take  place  in  vacuo. 

Dose. — 500  milligrammes  (8  grains). 


DRUGS  CONTAINING  FRUIT  ACIDS 

As  this  opens  the  subject  of  crude  drugs,  a  few  words  of  introduction 
may  be  advisable. 

Vegetable  drugs  consist  of  whole  plants,  plant  parts,  or  plant  excretions, 
in  other  words,  are  portions  of  that  collection  of  cells  called  a  plant. 
Knowledge  of  plants  forms  the  science  of  botany,  and  a  full  discussion  of 
this  science  is  clearly  beyond  the  limits  of  this  work;  hence  the  student  is 
referred  to  list  of  standard  text-books  given  in  the  Preface.  To  explain 
the  "oflScial  definitions"  (p.  24)  of  the  drugs  that  must  be  considered  in 
this  book  a  slight  r^sum^  of  the  important  plant  parts  is  in  order  and  is 
here  given,  fuller  details  of  peculiar  cases  being  considered  under  drugs 
illustrative  of  each  case. 

The  study  of  vegetable  drugs — of  the  plant  parts  used  in  medicine — 
forms  that  branch  of  knowledge  called  organic  materia  medica,  and  even 
this  in  its  complete  form  is  beyond  the  province  of  this  work,  reference 
to  the  leading  text-books  on  the  subject  being  found  in  the  Preface. 

In  the  study  of  materia  medica,  drugs  are  usually  grouped  as  belong- 
ing to  the  several  classes  of  plant  parts — ^roots,  stems,  rhizomes,  tubers, 
woods,  barks,  leaves,  bulbs,  herbs,  flowers,  fruit,  and  seeds — hence  it 
may  be  well  to  define  these  parts  (or  organs)  at  this  place. 

A  root  is  that  part  of  the  plant  axis  that  does  not  bear  leaves.  Roots 
are  not  always  under  groimd ;  thus,  ivy  has  roots  above  ground  that  aid  thft 
plant  in  climbing. 

A  stem  is  that  portion  of  the  plant  axis  which  does  bear  leaves.  All 
stems  are  not  above  ground;  the  so-called  "roots''  of  the  violet  or  of 
Solomon's  seal,  which  run  horizontally  under  ground,  are  stem  parts,  for 
the  leaves  spring  directly  from  them. 

A  rhizome  is  that  stem  part  which  lives  imder  ground.  The  violet 
stem  part  just  mentioned  is  an  example  of  a  rhizome. 

A  tvber  is  a  thickened  underground  stem,  used  as  a  reservoir  for  starch. 
Example,  the  Irish  potato.  In  the  case  of  some  tubers,  they  more 
closely  resemble  roots  than  stems,  and  are  then  called  tvberoue  roots;  an 
official  example  of  such  as  is  foimd  in  aconite. 

Stems  of  large  plants  hke  trees  are  called  trunks,  and  such  a  trunk  can 
be  roughly  divided  into  the  central  part,  called  the  wood,  and  the  outer, 
more  or  less  corky  layer,  called  the  hark. 

Leaves  are  expansions  of  the  stem  tissue  arrang;ed  regularly  on  the 
stem.  Ordinarily  leaves  perform  the  function  of  respiration  or  breathing, 
playing  an  important  part  in  the  conversion  of  carbon  dioxide,  which 
they  absorb  from  the  air,  into  starch,  sugar,  and  cellulose. 
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Bulbs  are  collections  of  underground  leaves  attached  to  a  stem  which 
consists  of  nothing  more  than  a  conical  disk  from  beneath  which  the 
rootlets  project.  The  onion  is  a  good  example  of  a  bulb.  The  difference 
between  a  tuber  and  a  bulb  may  well  be  given  here.  An  example  of  a 
tuber  is  the  Irish  potato,  and  as  the  example  of  a  bulb  the  onion  will  be 
taken,  and  even  slight  examination  will  show  that  these  two  are  different. 
Both  grow  undergroxmd,  and  neither  is  a  root;  yet  they  are  not  the  same. 
A  bulb,  like  a  tuber,  is  an  underground  stem,  but  it  goes  farther,  since  it 
also  includes  distinct  underground  leaves.  Thus,  in  the  onion,  the  thick, 
juicy  scales  are  the  xmderground  leaves,  and  all  there  is  of  the  stem  is  the 
hard  little  base  from  which  the  rootlets  grow  and  to  which  the  scales 
(leaves)  are  attached. 

Herbs  represent  the  whole  dried  plant,  usually  deprived  of  its  roots. 

Flowers  are  leaf  modifications  which  perform  the  function  of  repro- 
duction, the  special  organs  for  this  purpose  being  the  ovary — the  female 
organ — and  the  anther — the  male  organ.  The  fertilized  ovary  develops 
within  itself — 

Seeds,  which  are  organisms  containing  a  germ — the  beginning  of  a 
new  plant — provided  with  sufficient  nourishment  to  support  it  during 
the  first  days  of  its  sprouting. 

Fruits  represent  the  ripened  ovary  and  its  appendages.  The  appen- 
dages vary  from  a  thin,  chaff-like  ovary  wall,  in  anise,  to  the  large  luscious 
"meat"  and  thick  green  rind  of  the  watermelon. 

Chemically,  drugs  consist  of  many  substances;  those  that  are  plant 
organs  consisting,  histologically,  of  cell-wall  and  cell-contents,  drugs 
that  are  exudations  from  plants  being  usually  entirely  cell-contents. 
This  cell-wall,  which  consists  of  cellulose,  wood,  bast,  or  cork,  according 
to  its  development  is  generally  spoken  of  pharmaceutically  as  ''fibrous 
tissue."  The  cell-contents  consist  of  a  vast  number  of  bodies,  such  as 
alkaloids,  glucosides,  neutral  principles,  oils  (volatile  or  fixed),  tannin, 
resin,  gum,  starch,  sugar,  etc.  The  last  four  are  found  in  almost  all 
plants,  while  the  others  are  more  sparingly  found,  and  constitute  the 
active  principle  of  the  specific  drug  under  consideration. 

This  leads  to  the  classification  of  drugs  into  alkaloidal  drugs,  gluco- 
sidal  drugs,  astringent  drugs,  etc.  In  the  consideration  of  every  drug 
on  the  pages  which  follow  the  constituents  will  be  an  important  feature 
study,  and  let  it  be  here  frankly  stated  that  under  constituents  will  be 
given  only  those  which  make  the  drug  of  value.  Thus  in  considering 
alkaloidal  drugs  a  continuous  repetition  of  "gum,  starch,  and  sugar" 
will  be  omitted,  reference  being  made  to  these  constituents  only  when 
they  play  an  important  r61e. 

Rhus  Glabra  (U.S.P.  VIII;  N.F.  IV)  are  dried  sumac  berries.  These  enjoy  some 
vogue  as  a  remedy  for  sore  throat;  being  made  into  an  infusion,  which  is  used  as  a 
gargle. 

Tamarindus  (U.S. P.  VIII;  N.F.  IV),  or  tamarind,  is  a  preserved  pulp  of  the 
fruit  of  Tamarindus  indica  and  is  frequently  found  in  commerce  mixed  with  molasses. 

Tamarinds  are  used  as  a  refrigerant  and  laxative.  A  drink  from  tamarinds  and 
cream  of  tartar  is  popular  in  the  south  for  "thinning  the  blood." 

Dose, — 15  grammes  (240  grains). 

Limonis  Succus  (U.S.P,  ^11),  or  lem4>n  juice,  is  the  commercial  source  of  citric 
acid.  Note  that  the  original  "neutral  mixture''  (Mistura  Potassii  Citratis,  p.  418) 
was  made  by  neutralizing  lemon  juice  with  potassium  bicarbonate.  It  is  a  refrigerant 
and  was  formerly  used  on  shipboard  as  a  preventive  of  scurvy,  a  loathsome  <&8ease 
produced  by  a  steady  diet  of  salt  meat.    It  is  given  in  doses  of  1  fluidounce. 

Succus  CJtri,  N.F.,  or  lime  juicej  is  expressed  from  the  lime  fruit,  Citrus  medioa 
acida.  From  it  is  prepared  succus  citri  et  pepsinum^  N.F.,  which  is  made  by  mixing 
400  mils  of  glycerite  of  pepsin  with  600  mils  of  lime  juice. 
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CHAPTER  XXXIX 

DERIVATIVES  OF  HEXANE 

The  following  derivatives  of  hexane  (CeHu)  are  of  interest: 

Eezyl  alcohols C«HisOH. 

Gapronic  acid CftHuCXX)H. 

Maonitol  ^i 

Dulcltol    V C«H«(OH)«. 

Sorbitol    j 

Glucooe.  U.S.? C«Hi/)«. 

Sugar,  U.S.? CisHtfOn. 

Starch,  U.S.P rC»Hi.O*)x. 

Gums CcHitOt. 

Celluoae  (purified  cotton  U.S.P.) (CtHi«O0x. 

Pyroxylin,  U.S.P Qiiefly  CitHi.(0N0,)40«. 

Glucosides. 

TricarbaUylie  acid C,H»(OOOH),. 

Citric  acid,  U.S.P C,H;{OH)(OOOH),. 

Of  the  hezyl  alcohols,  seventeen  are  possible,  but  since  none  is  of 
phannaceutio  value,  they  will  not  be  noticed. 

By  the  oxidation  of  one  of  these  alcohols,  capronie  addy  CHs(CHs)«* 
COOH,  is  obtained.  This  capronie  acid  is  a  fatty  acid  discovered  by 
Chevreul  in  1824,  and  is  found  as  an  ester  in  coconut  oil,  Limbui^r 
cheese,  and  goat  butter,  and  is  cited  merely  because  it  is  the  only  mono- 
basic acid  of  hexane  of  pharmaceutic  interest. 

Mannitolf  C^HsCOH)  6,  is  the  hexatomic  alcohol  of  hexane.  It  was  iso- 
lated by  Proust  from  manna  in  1806,  and  is  also  foimd  in  minute  traces 
in  other  drugs.  The  chief  source  of  commercial  mannite  is  manna,  from 
which  it  is  obtained  by  treating  with  boiling  alcohol.  From  the  alcoholic 
solution  the  mannite  separates  on  cooling  in  small  white  crystals  of  sweet- 
ish taste. 

By  careful  oxidation  it  yields  mannose,  a  variety  of  sugar,  while 
oxidation  with  nitric  acid  yields  scLccharic  acid, 

DtUcile  and  sarhUe  are  iaomeres  of  mannite,  the  former  obtained  by  reduction  of 
lactose  (milk-sugar)  and  the  latter  by  reduction  of  glucose. 

These  three  hexatomic  alcohols  yield  ketone  and  aldehyde  derivatives,  which 
are  of  great  importance,  such  as  glucose,  mannose,  cane-'Stigar,  starch,  and  ceUvloae, 

The  formula  of  the  first  two  is  CeHuOe. 

Cane-sugar  is  CisHssOu. 

Starch  and  cellulose  (CeiSioOOz- 

On  examining  these  formulas  it  will  be  noticed  that  the  hydrogen 
and  oxygen  atoms  attached  to  the  carbon  atoms  are  present  in  exactly 
the  same  proportion  as  in  water,  viz.,  there  are  always  twice  as  many 
hydrogen  atoms  as  oxygen' atoms.  For  this  reason  to  this  class  of  bodies 
was  assigned  the  name  *^  carbohydrates  "  although  at  present  but  little 
stress  is  laid  on  this  characteristic. 

Carbohydrates. — While  most  carbohydrates  are  derivatives  of 
hexane,  some  are  foimd  containing  more  or  less  carbon  than  six.  Thus, 
arabinose  is  C5H10O5.  On  the  other  hand,  some  contain  seven  carbon 
atoms,  some  eight  carbon  atoms,  and  some  nine;  but  practically  all  the 
carbohydrates  are  derivatives  of  hexane. 
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The  hexane  carbohydrates  can  be  roughly  grouped  into  three  classes, 
the  first  having  the  form  CeH^Oe,  which  have  representatives  in  glucose 
and  dextrose;  the  second,  being  of  double  formula,  C12H22O11,  is  found 
in  cane-sugar;  while  the  group  CeHioOs  has  representatives  in  such  well- 
known  bodies  as  starch,  gum,  and  cellulose. 

The  first  examination  of  these  bodies  shows  that  one  should  be  derived 
from  the  other,  thus: 

2C6HioOt,  which  is       CiaH,oOio 
plus  one  molecule  of  water,  H2  O,        ^ 

gives  us  a  molecule  of  suear      C18H31O11, 
and  when  to  this  we  add  another 

molecule  of  water,  Hs  O, 


we  get      CiiHs40it 
or    2C6Hi,0«, 
which  is  the  formula  of  glucose. 

The  transition  of  starch  or  sugar  into  glucose  is  really  performed  by 
the  adding  of  water  (by  chemical  means).  The  reverse  operation  is  not 
so  simple  a  one,  and  has  not  been  performed. 

On  the  other  hand,  one  moleciile  of  glucose  minus  one  molecule  of 
water  gives  the  empiric  formula  of  one  molecule  of  starch  or  gum. 

As  in  the  case  cited  above,  the  transformation  of  glucose  into  starch 
has  not  been  accomplished,  but  the  reverse  operation,  the  conversion 
of  starch  into  glucose,  is  performed  by  the  very  simple  act  of  heating 
the  starch  with  dilute  sulphuric  acid.  It  may  be  as  well  to  state  right 
here  that  the  agent  used  for  the  molecular  addition  of  water  is  usually 
diluted  sulphuric  acid,  and  the  process  of  chemically  combining  water 
is  called  ^'hydrolyzingJ^  On  the  other  hand,  if  it  is  desired  to  remove 
water  from  the  molecule  of  an  organic  substance,  concentrated  sul- 
phuric acid  is  usually  the  agent  employed,  when  it  is  said  to  act  as  a 
*'  dehydrator.^' 

The  formula,  C6H12O6,  it  will  be  noticed,  differs  from  the  formula  of 
mannitol,  CeHuOc,  by  containing  two  atoms  of  hydrogen  less.  It  will 
be  also  noticed  that  this  is  the  difference  between  the  formula  of  an 
ordinary  alcohol  and  its  aldehyde  or  ketone,  and  it  is  really  true  that 
C6H12O6  is  an  aldehyde  or  ketone  derivative  of  the  hexatomic  alcohol, 
CeH8(OH)6.  The  carbohydrates  are  called  cddoaeSy  or  keioses,  according 
as  the  alcohol  group  has  been  changed  to  an  aldehyde  or  a  ketone, 
though  some  are  of  more  intricate  composition. 

The  carbohydrates  can  best  be  studied  by  taking  up  three  groups  in 
their  regular  order,  viz. : 

Those  having  formula  CqHi206,  or  monosaccharides  (monoses) 

C12H22O11,  or  bisaccharides  (bioses). 
(CeHioOb)*,  or  pol3rsaccharides. 

THE  MONOSACCHARIDES 

(C«Hi,0.) 

These  are  bodies  of  more  or  less  sweetness,  and  all  possess  optical  activity,  that 
is,  all  deviate  the  ray  of  polarized  light  either  to  right  or  left,  except  the  synthetic 
inactive  varieties.  According  to  Van  t'Hoff's  rule,  each  active  substance  should 
contain  at  least  one  asymmetric  carbon  atom,  and  investigation  has  shown  that 
this  is  true  in  every  case.  Several  syntheses  of  these  bodies  have  been  accomplished : 
thus  paraformaldehyde  cooked  with  milk  of  lime  gives  acrose;  formaldehyde  cooked 
with  milk  of  lime  gives  a  mixture  of  formose  and  acrose  (p.  585).     Likewise  dibromide 
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of  acrolein  (p.  Gil),  when  treated  with  barium  hydroxide,  gives  acrose.  The  bodies 
of  this  series  are  all  readily  converted  into  alcohol  when  brought  into  contact  with 
the  ferment,  yeast.  If  other  bacteria  of  fermentation  are  add^,  they  yield  lactic  or 
butyric  acid  or  dextrin,  as  the  case  may  be. 

Following  the  rule  of  aldehydes  and  alcohols,  these  bodies  of  formula  CeHitO* 
oxidize  to  special  acids  under  special  treatment,  and,  on  the  other  hand,  can  be 
reduced  to  special  alcohols. 

They  all  combine  with  calcium  or  strontium  to  form  alcoholates  of  the  same. 
The^  give  all  the  reactions  characteristic  of  aldehydes  and  ketones,  for  example,  form 
distmct  crvstalline  bodies  with  phenyl  hydrazine.  Some  bodies  of  the  group  (man- 
nose  and  glucose)  oxidize  to  the  corresponding  acid  showing  aldehvde  characteristics, 
while  the  fructoses,  under  similar  treatment,  break  up,  showing  their  ketone  charac- 
teristics. 

"The  bodies  of  formula  CeHijOe  can  be  roughly  divided  into  three  groups: 

Fructoses,  CH,OH— (CHOH)r— CO— CH,OH. 
Mannoses,  CH,OH— (CHOH)*— CHO. 
Glucoses,  CH2OH— (CH0H)4— CHO. 

Of  .each  of  these,  three  varieties  are  known:  (1)  The  levogyre,  which  rotate  the 
ray  of  light  to  the  left;  (2)  the  dextrogyre,  which  rotate  the  ray  to  the  right;  and  (3) 
the  inactive,  which  do  not  affect  the  ray  of  light. 

It  win  be  noticed  that  levogyre  is  abbreviated  to  the  letter  "1,"  dextroKyre,  to 
"d,''  and  inactive,  to  "i,''  and  let  it  be  stated  here  that  in  future,  in  this  work,  these 
abbreviations  will  be  used  instead  of  the  long  technical  names. 

The  three  fructoses  are  as  follows: 

'*V*  fructose  (acrose),  which  is  of  interest  merely  as  one  of  the  synthetic  sugars. 

"d"  fructose  (fruil-sugar),  which  is  the  sweet  constituent  of  many  fruits. 

"i"   fructose — levtdose. 

The  three  mannoses  are  of  no  pharmaceutic  interest  'except  as  derivatives  of 
mannite. 

Of  the  three  glucoses,  the  only  one  of  interest  is  the  dextrogyrate. 

GLUCOSUM— Glucose 

(Glucos. — Syrupy  Glucose — ^Liquid  Glucose) 

A  syrupy  product  obtained  by  the  incomplete  hydrolysis  of  starch,  consisting 
chiefly  of  dextrose  (d-glucose)  [CtHitOt  »  180.10]  and  dextrins. 

Summarized  Description, 

Colorless  or  shghtly  colored  thick  syrupy  liquid:  sweet  taste;  very  soluble  in  water; 
sparingly  soluble  in  alcohol.     For  details  see  U.S. P.,  p.  202. 

For  tests  for  identity  and  for  impurities:  Water  (does  not  lose  more  than  21  per  cent, 
on  evaporation) .  Free  acid  (a  modified  volumetric  test) .  Starch  (not  blue  with  iodine) . 
Sulphur  dioxide  (does  not  reduce  iodine).  Heavy  metals  and  arsenic  (the  usual  tests) 
see  U.S. P.,  p.  202  and  also  Part  V  of  this  book. 

Remarks. — This  product  is  the  chief  constituent  of  honey  (which  see), 
and  can  be  made  by  inversion  (hydrolysis)  of  canensugar  and  of  starch, 
the  reaction  being  as  given  on  p.  623.  The  commercial  source  of  glucose 
is  corn,  from  which  the  embryo  is  removed  by  mechanical  means,  the 
residue  treated  with  sodium  hydroxide  to  remove  gluten  and  albuminous 
matter  naturally  found  in  the  corn,  and  the  starch  thus  purified  hydro- 
lyzed  by  treating  with  sulphuric  acid.  On  completion  of  the  inversion, 
the  excess  of  acid  is  neutraUzed  by  the  addition  of  barium  chloride,  the 
precipitate  of  barium  sulphate  filtered  out,  and  the  aqueous  solution  of 
glucose  concentrated  in  vacuo.  Nowadays,  hydrochloric  acid  is  generally, 
used  as  the  hydrolyzang  agent.  It  is  interesting  to  note  that  the  sepa- 
rated embryo  of  the  corn,  when  submitted  to  expression,  yields  a  con- 
siderable quantity  of  fixed  oil  (com  oil),  which  is  a  valuable  drying  oil. 
The  original  intent  of  removing  the  germ  was  to  prevent  the  glucose 
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liquid  from  being  greasy,  and  this  affords  another  instance  of  the  develop- 
ment of  a  special  industry  by  the  utilization  of  side-products.  Glucose 
is  placed  on  the  market  in  two  forms.  One,  is  a  thick,  sjrrupy  liquid,  hav- 
ing specific  gravity  1.412,  perfectly  miscible  with  alcohol  and  water. 

A  solid  form  of  glucose  is  now  obtainable,  the  terms  dextrose  and 
grape-sugar  being  at  present  reserved  for  this  solid  glucose.  Glucose  is 
a  reducing  agent,  changing  cupric  salts  to  the  cuprous  form.  Just  as 
sulphuric  oxide,  SOj,  can  be  converted  into  sulphurous  oxide,  SO2,  by 
reduction,  so  can  cupric  oxide,  CuO,  (or  its  hydroxide,  dissolved  in 
excess  of  alkali),  be  reduced  to  cuprous  oxide,  CujO,  as  shown  below: 

2CuO  =  .CujOi  cupric  oxide 

less  O 

yields       CuiO  cuprous  oxide, 

the  valence  of  the  copper  being  reduced  during  the  reaction  from  11  to  i. 

While  this  reaction  occurs  under  the  influence  of  any  reducing  agent, 
it  is  usually  confined  to  the  identification  and  estimation  of  glucose,  for 
which  it  is  admirably  adapted,  the  brick-red  precipitate  of  cuprous  oxide 
being  very  characteristic.  Glucose  is  a  constituent  of  lu-ine  in  diabetes, 
and  in  this  way  its  identification  is  of  much  importance  to  the  pharma- 
cist. In  examining  the  urine  for  sugar  either  Fehling's  or  Trommer's 
test  is  applied.  The  latter,  which  is  the  oldest,  consists  in  treating  the 
suspected  urine  with  a  solution  of  copper  sulphate  and  a  few  drops  of 
solution  of  soda  (whereby  the  copper  sulphate  is  converted  into  cupric 
hydroxide). 

On  boiling,  this  blue  cupric  hydroxide  is  converted  into  brick-red 
cuprous  oxide  if  glucose  or  other  reducing  agent  be  present. 

Fehling's  solution  is  an  improved  modification  intended  for  volu- 
metric analysis.  It  contains  sodium  and  potassium  tartrate  (Rochelle 
salt),  in  addition  to  copper  sulphate  and  sodium  hydroxide.  It  is  found 
among  the  volumetric  solutions  of  the  pharmacopoeia.     (See  Part  V.) 

Galactose  (CHiOH(CHOH)4CHO). — This  monose  is  made  by  inversion  of  milk- 
sugar.     It  oxidizes  to  mucic  acid,  and  is  of  no  pharmaceutic  value. 

THE  DI-SACCHARIDES 

(GisHmOii) 

The  bioees  are  those  carbohydrates  having  the  formula  CisHmOu,  and,  as  men- 
tioned above,  these  represent  two  molecules  of  C«Hi206  minus  one  molecide  of  water. 
They  are  much  more  easily  crystallized  than  the  monoses,  are  optically  active,  and 
are  fermentable  only  after  bemg  hydrolyzed.  the  sole  exception  to  this  statement 
being  that  maltose  is  directlv  fermentable.  As  already  mentioned,  the  bioses,  under 
treatment  with  dilute  sulphuric  acid  and  special  ferments,  such  as  diastase,  are 
hydrolyzed  into  bodies  having  the  formula  C6H12O6.  Eacn  biose  yields  different 
products  under  hydrolysis;  thus  cane-sugar  hydrolyzes  to  glucose  and  fructose; 
maltose  to  glucose;  lactose  to  galactose  and  glucose. 

Maltose  and  lactose  reduce  silver  nitrate  and  Fehling's  solution,  hence  are  alde- 
hvdes.  Cane-sugar,  on  the  other  hand,  does  not  act  in  this  way,  hence  contains  no 
aldehyde  groups.  All  three  of  these  oioses  form  esters  of  acetic  acid  containing 
eight  acetyl  groups,  from  which  is  deduced  the  fact  that  each  contains  eight  hy- 
droxvls.  There  is  much  in  the  chemistry  of  these  bodies  yet  to  be  cleared,  but  from 
the  few  facts  already  mentioned  it  has  been  decided  that  they  represent  anhydrides 
of  the  various  glucoses,  evidently  those  into  which  they  separate  under  hydrolysis. 
The  exact  chemical  structure  of  these  bodies  has  not  been  clearly  ascertained,  but 
the  following  formulas  have  been  suggested  for  saccharose  (cane-sugar) : 
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Tollen's  formula. 

I O      CHjOH 
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Fischer's  fonnula. 

I O  CHjOH 
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q/      (CHOH), 


CH 
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SACCHARUM— Sugar 
(Sacch. — Sucrose) 

Sucrose  ICnHjjOn  =  342.18]  obtained  from  cultivated  varieties  of  Saceharum 
offidnarum  lAim6  (Fam.  Gramineoi).  and  from  Beta  mdgaris  Linnd,  var.  Rapa  Dumort 
(Fam.  Chenopodiacece)  and  from  otner  sources. 

Summarized  Description. 

White,  hard,  dry  crystals  or  white  crystalline  powder;  sweet  taste;  soluble  in  about 
0.5  part  of  water^  in  about  137  parts  of  alcohol;  insoluble  in  chloroform  or  ether; 
aqueous  solution  is  dextrorotatory;  [a]i>  «  +65.9®.     For  details  see  U.S.P.,  p.  363. 

For  iesU  for  identity  and  for  impurities:  Insoluble  salts,  ultramarine  or  Prussian 
blue  (no  sediment  should  deposit  from  its  solution).  Invert  sugar  (gravimetric 
copper  test).  Calcium,  sulphate  and  chloride  (usual  tests)  see  U.^P.,  p.  303  and 
also  Part  V  of  this  book. 

Remarks. — Sugar  can  be  obtained  from  cane,  Saceharum  offidnarum, 
beet,  Beta  vuLgariSy  or  sorghum,  Andrapogon  Sorghum,  var.  Sacckaraius, 
the  products  in  each  case  being  chemically  identical.  The  three  varieties 
of  commercial  sugar  are  yielded  by  three  distinct  plants;  those  yielding 
sugar-cane  and  sorghum  sugar  greatly  resemble  the  corn,  and  in  both 
cases  the  stalks  are  cut  near  the  roots  at  the  proper  season,  the  leaves 
lopped  off  from  the  stalks,  which  are  then  passed  through  rollers,  by 
which  means  the  juice  is  expressed.  The  juice  is  treated  with  lime  to  re- 
move the  gluten  and  albumin,  and  the  lime  removed  as  calcium  carbonate, 
when  the  liquid  consists  of  a  thin  solution  from  which  sugar  is  obtained  by 
appropriate  concentration.  At  present,  in  place  of  lime,  calcium  bisulph- 
ite is  frequently  used.  This  chemical  not  merely  removes  the  gluten  and 
albumin,  but  also  acts  as  an  antiseptic.  Formerly  the  light  juice  was  con- 
centrated in  large  pans  under  atmospheric  pressure  ("open  kettle  proc- 
ess"). In  such  cases,  however,  the  solution  underwent  slight  decompo- 
sition, darkening  the  product,  and  forming  the  commercial  brown  sugar. 
To  refine  this  brown  sugar  it  is  necessary  to  redissolve  and  clarify  it 
with  albuminous  matter,  such  as  blood,  filter  through  charcoal  and  the 
solution  concentrated  in  vacuo,  and  at  the  present  time  this  concentra- 
tion in  vacuo  is  done  from  the  very  beginning.  When  the  liquid  in  the 
vacuum  pan  has  reached  a  proper  degree  of  concentration,  and  the  sugar 
is  beginning  to  separate  out  by  crystallization,  the  mass  is  transferred 
to  centrifugal  machines  and  is  entirely  freed  from  moisture. 

The  process  of  making  beet-sugar  is  more  complicated  than  that 
of  making  cane-sugar,  the  saccharine  solution  being  prepared  by  chopping 
the  beets  into  small  particles  and  macerating  same  in  warm  water,  this 
process  being  known  as  the  diffusion  process.  This  solution  contains 
many  more  impurities  than  does  the  cane-juice,  hence  many  and  com- 
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plicated  methods  of  purification  have  to  be  used,  and  in  this  way  quite 
a  number  of  side-products  of  more  or  less  value  are  obtained.  Thus,  it 
will  be  recalled  that  methyl  chloride  (p.  580)  is  now  obtained  largely 
from  beet-sugar  residue. 

The  process  of  diffusion  mentioned  above  is  now  used  in  some  factories 
in  the  manufacture  of  cane-sugar.  The  cane,  instead  of  being  run 
through  rollers,  is  relieved  of  its  sugar  by  maceration  in  warm  water.  The 
extraction  in  this  case  is  much  more  thorough  than  by  pressure,  but 
requires  more  manipulation,  making  the  process  more  expensive. 

Sugar  appears  in  commerce  usually  in  the  granulated  form,  although 
in  some  sections  of  the  world  the  old-fashioned  sugar-loaf  is  still  used. 
This  is  made  by  pouring  the  most  concentrated  warm  solution  of  sugar 
into  conical  molds,  letting  stand  twenty-four  hours,  draining  off  the 
syrup,  and  drying. 

If  a  saccharine  solution  is  allowed  slowly  to  crystallize  on  strings, 
large  transparent  crystals  are  formed,  these  being  known  as  rock-candy. 
Sugar  melts  at  160°C.,  and  if  the  sugar  which  has  been  brought  to  the 
melting-point  with  the  aid  of  a  little  water  is  then  allowed  suddenly  to 
cool,  it  produces  a  candy  form  of  sugar  sometimes  called  harley-sugar. 
If  sugar  is  heated  to  200°C.,  the  product  begins  to  carbonize  and  results 
in  a  deep  brown  Uquid  called  caramel.  This  liquid  is  used  largely  as  a 
coloring  matter  in  soda-water  syrups;  hence  it  will  not  be  amiss  to  mention 
the  details  of  preparation.  Thus,  if  the  carameled  sugar  is  allowed  to 
cool  without  addition  of  water,  it  will  deposit  in  a  difficultly  soluble  mass. 
The  addition  of  cold  water  to  the  highly  heated  fused  mass  causes  the 
sudden  evolution  of  steam,  with  a  sputtering  which  may  be  dangerous 
when  manufacturing  caramel;  hence  to  insure  perfect  results,  to  the  cara- 
melized sugar  at  the  proper  stage  should  be  added  boiling  water  and  not 
cold  water. 

In  making  sugar  by  the  open  kettle  process  there  is  obtained  a  large 
amount  of  brown  mother  liquor,  and  this  contains  a  quantity  of  sugar 
in  uncrystallized  form,  and  the  concentrated  product  is  called  molasses. 
In  the  modern  manufacture  of  sugar  the  aim  is  to  make  as  large  an  amount 
of  sugar  as  possible,  and  therefore  results  in  a  corresponding  loss  in  the 
yield  of  molasses.  In  the  vacuum  pan  sugar-making  the  amount  of 
molasses  produced  is  very  small,  and  even  from  this  the  sugar  is  extracted 
by  treatment  with  strontium  salts  (which  form  soluble  strontium  sac- 
charate),  from  which  the  sugar  can  be  eventually  isolated  in  crystalline 
form. 

Sugar,  U.S.P.,  is  a  white,  crystalline  solid,  of  specific  gravity  1.340, 
and  soluble  in  0.5  part  of  cold  water,  and  sparingly  soluble  in  alcohol. 
When  treated  with  concentrated  sulphuric  acid  the  water  is  extracted, 
leaving  carbon  behind,  in  other  words,  sulphuric  acid  carbonizes  sugar. 
Its  saturated  aqueous  solution  forms  syrup,  U.S.P.  Sugar  is  chiefly  used 
as  a  sweetener,  possessing  in  this  way  decided  nutritive  properties. 

SACCHARUM  LACTIS— Sugar  of  Milk 
(Sacch.  Lact. — Milk  Sugar — ^Lactose) 

Lactose  lCi2H2tOii  +  H^O  =  360.19]  obtained  from  the  whey  of  cow's  milk. 
Preserve  it  in  tightly  closed  containers. 

Summarized  Description. 

Hard;  white,  crystalline  masses,  or  white  powder;  faintly  sweet  taste;  soluble  in 
about  4.9  parts  of  water,  almost  insoluble  in  alcohol;  insoluble  in  chloroform  or  ether; 
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aqueous  solution  is  dextrorotatory;  [a]D  =  52.2**  to  52.5".  For  details  see  U.S. P. 
p.  363. 

For  tests  for  identity  and  for  impurities:  Dextrin  (treated  with  10  per  cent,  alcohol, 
the  filtrate  is  not  precipitated  by  dehydrated  alcohol). 

Cane  sugar  or  glucose  (the  fluid  just  mentioned  does  not  have  more  than  0.03 
Gm.  residue  from  2  Gm.  sugar  of  milk). 

Starch  (boiled  solution  not  made  blue  with  iodine). 

Heavy  metals  (hydrogen  sulphide  test)  see  U.S. P.,  p.  364  and  also  Part  V  of  this 
book. 

Milk-sugar  is  that  form  of  biose  chemically  called  lactose,  and  is  a 
normal  constituent  of  milk.  Up  to  very  recent  years  practically  all 
milk-sugar  was  made  in  Switzerland,  as,  in  the  United  States,  the  whey 
after  cheese  manufacture  was  used  to  feed  cattle.  At  present,  how- 
ever, much  sugar  of  milk  is  made  in  this  country,  most  of  it  being  pro- 
duced in  New  York  State. 

Milk-sugar  is  made  in  Switzerland  by  simple  concentration  of  whey 
in  open  kettles  and  then  crystallizing  on  sticks.  In  this  country  the 
whey  is  evaporated  in  vacuo,  and  the  moist  granular  mass  dried  in  a 
centrifugal  machine. 

Milk-sugar  appears  either  in  hard  white  crystals  or  in  fine  white 
powder,  with  a  taste  not  so  sweet  as  that  of  cane-sugar.  As  mentioned 
above,  it  directly  reduces  Fehling's  solution,  while  can^sugar  has  no 
action  on  Fehling's  solution  until  hydrolyzed.  Another  point  of  chem- 
ical distinction  between  the  two  products  is  shown  in  the  test  of  the 
pharmacopoeia,  namely,  that  milk-sugar  when  sprinkled  upon  concen- 
trated sulphuric  acid  should  not  blacken  the  same;  if  it  did,  the  presence 
of  cane-sugar  is  indicated.  In  carrying  out  this  test  great  care  should 
be  exerted  to  use  nothing  but  the  pure  powdered  milk-sugar.  If  frag- 
ments of  the  stick  or  string  on  which  it  crystallized  were  present,  such 
would  produce  a  brown  color  with  the  acid. 

Maltose  is  the  sugar  which  is  found  in  official  malt.  Malt  is  made 
from  barley  by  placing  same  in  a  warm,  moist,  light  place,  and  when 
the  seeds  begin  to  sprout,  they  are  heated  sufficiently  to  destroy  the  life 
of  the  young  plants.  The  sprouting  of  a  seed  means  the  gradual  develop- 
ment of  embryo  found  therein,  and  during  the  first  stages  of  its  develop- 
ment the  starch  which  is  stored  up  in  the  seed  serves  for  its  food  until 
there  is  developed  a  sufficient  number  of  leaves  to  generate  its  own  food 
from  the  carbon  dioxide  of  the  air.  The  starch  which  is  found  in  the 
seed  has  to  be  converted  into  soluble  forms  before  it  can  be  assimilated 
by  the  embryo,  and  in  the  case  of  barley,  it  is  converted  into  maltose  by 
the  action  of  the  ferment  diastase  naturally  residing  in  the  seed.  In 
manufacturing  malt  from  barley  the  latter  is  allowed  to  grow  until 
practically  all  the  starch  has  been  converted  into  maltose  by  the  diastase. 
Maltose  is  of  interest  only  as  the  sugar  constituent  of  extrad  of  malt 
(which  see). 

THE  POLYSACCHARIDES 

(CsHioOe)* 

These  furnish  several  well-known  products,  both  cellulose  and  starch  being 
examples.  Both  these  bodies,  however,  are  more  complicated  than  the  simple 
formula  given  above,  and  their  composition  is  usually  expressed  by  (CeHioOj),. 
According  to  the  investigation  of  Tollens,  the  x  in  the  case  of  starch  is  4,  while  it  is 
assumed  that  the  real  formula  of  cellulose  is  (C«Hio06)i2.  Green  and  Perkin  think 
that  the  graphic  formula  of  cellulose  is  a  multiple  of  figure  "a;''  while  Mosenthal 
suggests  tne  formula  given  in  figure  "6." 
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Cellulose  is  so  called  because  it  represents  the  coating  of  the  cell. 
Cells  consist  primarily  of  a  semiliquid  portion  called  the  protoplasm 
and  nucleus  surrounded  by  a  cell-wall,  and  this  cell-wall,  when  in  a  state 
of  the  greatest  purity,  consists  of  pure  cellulose.  A  striking  illustration 
of  pure  cellulose  in  the  form  of  cell-wall  is  found  in  the  official  cotton^ 
which  consists  of  the  hairs  of  the  seed  of  Oossypium  herhaceum.  In  this 
case  each  hair  consists  of  a  single  emptied  cell,  hence  it  is  nothing  but  a 
cell-wall,  and  this,  on  chemical  analysis,  is  shown  to  be  pure  cellulose. 

Cotton  consists  of  long  filaments,  insoluble  in  water,  alcohol,  and 
ether,  but  soluble  in  ammoniacal  solution  of  copper  oxide  (not  ammoniacal 
solution  of  copper  sulphate,  as  mentioned  in  so  many  books).  Cotton 
is  used  solely  for  mechanical  purposes,  and  is  of  great  value  in  pharmacy 
for  such  operations  as  filtering  and  straining,  and  in  surgery  as  a  dressing. 
The  general  use  of  cotton  in  the  form  of  cloth  is  too  well  known  to  need 
remark. 

GOSSYPIUM  PURIFICATUM— Purified  Cotton 

(Gossyp.  Purif . — Absorbent  Cotton) 

The  hairs  of  the  seed  from  one  or  more  of  the  cultivated  varieties  of  Goasypium 
kerbaceum  Limi6  (Fam.  MaloaceaB)^  freed  from  adhering  impurities  and  linters  and 
deprived  of  fatty  matter. 

Summarized  Description, 

White,  soft,  fine  filaments;  insoluble  in  ordinary  solvents;  soluble  in  ammoniacal 
solution  of  copper  oxide;  ash,  not  more  than  0.2  of  1  per  cent.  For  details  see  U.S.P., 
p.  208. 

For  teaU  for  identity,  for  impurities;  acid  or  alkali  (tested  with  phenolphthalein 
and  with  methyl  orange). 

Fatty  matter  (not  more  than  0.6  per  cent,  is  soluble  in  ether). 

Ityes  (alcoholic  percolate  neither  blue  nor  green). 

Resins  and  soap  (not  more  th^n  0.5  per  cent,  is  soluble  in  alcohol),  see  U.S.P., 
p.  208,  and  also  Part  V  of  this  book. 

Remarks. — This  represents  raw  cotton  freed  from  fat  by  boiling  in  a 
very  dilute  alkaline  solution,  and  washing  very  thoroughly  with  water 
the  first  portion  of  which  has  been  acidulated.  It  is  commonly -called 
absorbent  cotton. 

Raw  cotton  floats  when  placed  in  water,  because  each  filament  is 
coated  with  a  layer  of  oil,  rendering  the  cellulose  impervious  to  water, 
which  cannot,  therefore,  displace  the  air  in  the  lumen  (the  cavity)  of  the 
cell.  In  this  way  each  filament  of  raw  cotton  is  buoyed  up  by  the  air 
within  its  lumen.  Absorbent  cotton  is  this  raw  cotton  freed  from  its 
oily  covering.  Water  is,  therefore,  able  to  penetrate  the  cellulose  and 
thus  displace  the  air  in  the  lumen.  The  cellulose  itself  being  heavier 
than  water,  the  water-filled  filaments  sink;  hence  a  pledget  of  absorbent 
cotton  placed  upon  water  immediately  falls  to  the  bottom  of  the  vessel. 

Purified  cotton  is  used  as  a  surgical  dressing  and  as  a  filtering  medium. 
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Linerif  the  fibers  of  stem  of  the  flax  consists  of  a  modification  of  cellulose  and  silk, 
the  fibers  of  the  cocoon  of  the  silk-worm  is  a  mixture  of  two  protein  substances;  silk 
fibroin  and  silk  gelatin. 

Paper  originally  represented  a  special  form  of  shredded  linen  or  cotton. 
The  details  of  the  manufacture  of  paper  are  beyond  the  scope  of  this 
booky  but  suflBice  it  to  say  that  the  mass  of  shreds,  when  rolled  out  into 
paper,  forms  an  absorbent  sheet  known  as  filter-  or  blotting-paper,  accord- 
ing to  its  thickness.  Writing  paper  represents  this  absorbent  paper, 
which  has  been  coated  with  a  layer  of  some  substance  which  ink  will  not 
penetrate,  such  as  a*  combination  of  glue  with  albumin,  resin,  or  casein. 
Most  paper  now  used  in  printing  is,  however,  made  from  wood-fiber. 

If  cotton  or  linen  paper  is  rapidly  passed  through  50  per  cent,  sul- 
phuric acid,  the  outer  layer  of  cells  becomes  converted  into  a  starch  modifi- 
cation (amyloid),  forming  the  well-known  product  called  parchment  paper. 
If  the  paper  is  allowed  to  remain  long  in  contact  with  sulphuric  acid,  it  is 
converted  into  dextriuj  which  will  dissolve  in  the  acid.  The  same  is 
true  of  absorbent  cotton;  it  dissolves  in  concentrated  sulphuric  acid,  but 
the  solution  in  this  case  is  different  than  is  the  solution  of  the  cotton  in 
ammoniacal  copper  oxide,  because  in  the  acid  it  dissolves  not  as  cellulose, 
but  as  dextrin,  whereas  the  copper  solution  is  simply  a  solution  of  the 
cellulose  from  which  the  cotton  can  be  redeemed  by  evaporation. 

Cotton  or  cellulose,  like  glucose  and  the  sugars,  is  an  alcohol,  as  is 
proved  by  the  fact  that  when  treated  with  a  mixture  of  nitric  acid  and 
sulphuric  acid  it  is  converted  into  the  ester,  nitrocellulose.  Several 
forms  of  nitrocellulose  are  known,  these  being  grouped  into  two  classes — 
the  first,  true  pyroxylins,  and  the  coUoxylins. 

The  first,  which  is  the  true  gun-^coUoriy  was  discovered  by  Schoenbein 
in  1864,  and  has  the  formula  Ci2Hi4(ONO«)604,  which,  it  will  be  noticed, 
contains  six  nitro-groups. 

The  second  series,  the  colloxylins,  are  respectively: 

Ci,Hi,(0N0,)»05, 
Ci,Hi,(0N0,)40e, 
Ci,Hi7(ONO,)»07, 

containing  five,  four,  and  three  nitro-groups.  The  true  pyroxylin  men- 
tioned above  is  insoluble  in  a  mixture  of  alcohol  and  ether,  whereas  the 
three  colloxylins  are  soluble  in  a  mixture  of  alcohol  and  ether.  Which 
of  these  nitro-bodies  is  produced  depends  on  the  proportion  of  nitric 
and  sulphuric  acids  employed  and  the  duration  of  maceration. 

Gossypittm  stypticum  (N.F.),  or  styptic  coUorif  is  absorbent  cotton  impregnated 
with  ferric  chloride, 

PYROXYLINUM— Pyroxylin 
(Pyroxylin. — Soluble  Gun  Cotton) 

A  product  obtained  h^  the  action  of  a  mixture  of  nitric  and  sulphuric  acids  on 
cotton  and  consisting  chiefly  of  cellulose  tetranitrate  [CisHisCONOzjiOe  ""  504.17]. 
Preserve  it  in  cartons,  packed  loosely,  and  protected  from  light  and  moisture. 

Summarized  Description, 

Yellowish-white  matted  masses  of  filaments  looking  like  raw  cotton;  harsh  to 
touch;  very  inflammable;  explosive:  decomposes  when  kept  in  closed  bottles;  soluble 
in  mixture  of  3  volumes  of  ether  ana  1  volume  of  alcohol,  also  in  acetone  and  in  glacial 
acetic  acid.     For  details  see  U.S.P.,  p.  348. 

For  tests  for  identity  and  for  impurities.  Soluble  matter  (treated  with  water,  the 
filtrate  is  not  acid  nor  does  it  extract  more  than  0.3  of  1  per  cent,  of  solid  matter), 
see  U.S. P.,  p.  349,  and  also  Part  V  of  this  book. 

Pyrox>'lin  consists  of  a  mixture  of  the  three  colloxylins  (chiefly  the 
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tetranitrate)  given  above,  and  is  made,  as  mentioned  above,  by  immers- 
ing cotton  in  a  mixture  of  nitric  acid  and  sulphuric  acid.  An  interesting 
fact  in  the  manufacture  worth  pointing  out  is  that  the  macerating  cotton 
should  be  carefully  covered,  as  it  has  been  noticed  that  if  a  mixture  is 
allowed  to  stand  in  a  dish,  particles  of  dust  and  the  like  are  apt  to  start 
a  new  reaction  in  the  mixture,  with  the  ultimate  formation  of  dextrin 
and  complete  solution  of  the  pyroxylin. 

The  manufacture  of  pyroxylin  is  simple,  but  the  freeing  of  the  cotton 
from  acid  is  tedious,  and  usually  takes  a  large  quantity  of  water  for  the 
purpose.  If  pyroxylin  is  not  freed  from  acid,  it  will  assume  a  brown  tint 
and  decompose.  The  same  decomposition  occurs  if  pyroxylin  is  kepf  in 
well-stoppered  bottles,  hence  the  pharmacopoeia  directs  that  it  be  kept 
in  cartons. 

The  pyroxylin  of  the  pharmacopoeia  has  an  appearance  similar  to 
that  of  cotton,  but  possesses  a  harsh  feel,  rather  than  the  softness  of  the 
pure  cotton.  It  should  be  completely  soluble  in  a  mixture  of  1  part  alco- 
hol and  3  parts  ether,  and  this  solution,  containing  4  per  cent,  of  gun- 
cotton,  is  official  under  the  name  collodion  (p.  213). 

Gun-cotton  is  one  of  the  most  inflammable  of  substances,  portions 
brought  in  contact  with  a  flame  instantly  igniting  with  a  very  brilliant 
light,  and  leaving  no  trace  of  ash  behind.  Its  great  inflammability  makes 
it  a  rather  dangerous  product  to  have  around,  and,  therefore,  it  should 
be  handled  with  the  utmost  caution  and  kept  remote  from  heat  or  fire. 
If  gim-cotton  be  heated  in  a  confined  space,  the  same  decomposition 
occurs  with  explosive  violence,  and  it  is,  therefore,  used  as  an  explosive. 

Its  action,  however,  is  too  uncertain  to  make  it  safe  for  this  purpose; 
hence  nitroglycerin  is  preferred  for  blasting  rather  than  gun-cotton. 

A  mixture  of  pyroxylin  with  camphor,  whitened  with  zinc  oxide,  and  made  pliable 
with  castor  oil,  forms  the  well-known  commodity  ceUtUoid.  This  possesses  the  same 
inflammability  as  pyroxylin,  and,  therefore,  its  use  in  various  articles  of  apparel,  such 
as  combs,  is  not  to  be  recommended.  Non-inflammable  formyUand  acetyl-cellulose 
products  are  now  being  made. 

Artificial  sUka  are  prepared  by  treating  cotton  with  certain  chemicals  producing 
cellulose  products,  having  the  lustrous  appearance  of  the  product  of  the  silk-worm. 
In  one  process^  the  cotton  is  dissolved  in  an  ammoniacal  solution  of  copper  oxide  and 
is  then  precipitated  by  addition  of  acids.  The  pulp  mass  thrown  down  is  ''spun'' 
by  pressmg  through  minute  orifices.  In  another  process,  nitrocellulose  is  prepared 
and  the  nitric  acid  is  then  removed  bv  treatment  with  alkali;  while"  viscose"  silk  is 
sodium-cellulose  tfaiiocarbonate,  made  by  treating  paper  in  strong  alkali  and  macerat- 
ing the  mercerized  cellulose  thus  obtained,  with  oenzin  and  carbon  disulphide.  The 
thiocarbonate  which  results  is  then  treated  with  10  per  cent,  alcoholic  sulphuric  acid 
and  the  resultant  "viscose"  is  "spun"  as  described  above.  These  substances  can 
be  "spun"  in  sheets  and  such  "lammated  silks"  are  now  being  sold  under  trade  names 
as  substitutes  for  sheet  gutta-percha  and  oil  silk  as  a  protective  coating  for  wounds. 

Wood  is  cellulose  which  has  become  impregnated  with  lignin,  C40H44- 
On,  and  which  is  presumably  a  condensation  product  of  coniferyl  alcohol. 
The  botanic  side  of  wood  has  been  considered  on  p.  619,  and  it  needs, 
therefore,  to  be  discussed  at  this  place  only  as  a  chemical.  Of  late  years 
the  demand  for  cheap  paper  has  led  to  the  use  of  wood  for  the  manufac- 
ture of  paper  instead  of  linen  and  cotton.  Such  paper  is  by  no  means  as 
durable  as  that  from  pure  cellulose,  and  it  is  often  convenient  to  be  a,ble 
to  decide  whether  a  given  sample  of  paper  contains  wood-fiber.  This  is 
very  beautifully  determined  by  pouring  on  the  suspected  paper  a  solu- 
tion of  aniline  acetate. 

If  the  paper  is  pure  cellulose,  no  change  of  color  will  be  produced, 
but  with  a  sUght  amount  of  wood-fiber  the  reagent  will  form  a  brilliant 
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yellow.  If  paper  is  treated  with  a  solution  of  phloroglucin,  followed  by  a 
few  drops  of  concentrated  hydrochloric  acid,  a  bright  red  stain  results 
if  wood-fiber  is  present. 

Starches  represent  bodies  having  the  formula  (CflHioOs)^.  They 
are  formed  in  the  leaves  of  plants  from  carbon  dioxide  and  water  under 
the  influence  of  chlorophyl,  as  already  explained  on  p.  585  and  represent 
the  great  plant  reserve  stuff. 

During  the  time  it  is  in  leaf  the  plant  manufactures  starch,  which  is 
then  stored  up  as  nourishment  for  the  young  shoots  of  the  following  spring. 
While  starch  is  formed  in  the  leaves  of  plants,  as  these  leaves  are  shed  by 
the  plant  in  the  winter  it  is  necessary  that  starch  be  stored  in  some  other 
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Fig.  242. — MioroTCopio  appearance  of  different  starches  (uniform  magnitude)  (Nofil): 

1,  Arrowroot;  2,  raw  tapioca:  3,  tapiooa. 

organ  during  that  period;  hence  the  starch  formed  in  the  leaves  is  trans- 
ported to  the  organs  in  which  it  will  be  reserved  (very  frequently  the  roots 
or  rhizome),  where  it  is  changed  back  into  starch.  Likewise  in  the  spring, 
the  stored  matter  is  converted  once  more  into  sugar,  which  passes  in 
solution  up  to  the  growing  part  of  the  plant.  This  solution  is  known  as 
"sap,"  and  commercial  advantage  is  taken  of  the  sugar  contents  of  sap 
in  the  preparation  of  maple-sugar. 

Starch  is  found  in  various  parts  of  the  plant,  in  particles  called  starch- 
granules.  The  appearance  of  these  granules  is  characteristic  for  the 
different  varieties  of  starch,  and  some  are  shown  in  Fig.  242. 

Hartwich  and  Wichmann  have  shown  that  a  wheat  starch  granule  weighs  about 
69  trillionths  of  a  gramme;  while  a  potato  starch  granule  weighs  about  7.6  biUionths 
of  a  gramme. 

The  starches  are  usually  insoluble  in  cold  water,  and  on  being  treated 
with  hot  water  swell  into  a  paste,  which  is  more  or  less  soluble  in  water. 
The  test  for  starch  is  that  the  addition  of  a  drop  of  iodine  to  starch 
paste  turns  it  blue,  and  if  too  much  iodine  is  added,  it  becomes  black. 

As  mentioned  above,  starch  is  converted  by  the  ferment  diastase  into 
maltose  (p.  628),  wbile  the  same  starch  treated  with  sulphuric  acid  is 
converted  into  glucose. 

The  most  abundant  starch  is  that  from  potato,  from  which  it  is 
extracted  by  a  very  simple  process,  grated  potato  being  pwoured  into 
troughs  over  which  water  is  allowed  to  run,  the  water  dissolving  out  the 
abuminates  and  other  soluble  principles,  while  the  starch  settles  in  the 
bottom  of  the  trough  in  which  it  is  collected.  This  potato  starch  is  the 
well-known  starch  used  in  laundries,  the  starch  for  food  or  medicine  being 
obtained  either  from  corn  or  wheat. 
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AMYLUM— Starch 
(Amyl. — Com  Starch) 

The  starch  grains  separated  from  the  grain  of  Zea  Mays  Linn6  (Fam.  GraminecB). 

Summarized  Description, 

Fine  powder  or  irregular,  annidar,  white  masses,  consisting  of  polygonal,  spheroidal 
starch  grains,  insoluble  in  cold  water  and  in  alcohol;  boiled'  with  15  parts  of  water  it 
yields  a  jelly.     For  details  see  U.S.P.,  p.  49. 

Remarks, — The  oflScial  starch  is  that  from  com.  As  seen  in  the 
picture,  starch-granules  from  the  same  source  are  similarly  marked, 
having  more  or  less  well-defined  concentric  rings  radiating  from  a  central 
spot  called  the  hilum. 

Starch  Modifications. — Ldchenin  is  a  variety  of  starch  found  in  Irish 
moss.     It  does  not  turn  iodine  blue. 

Invlin  is  a  starch  modification  found  in  roots  of  the  natural  order 
Compositae.  It  differs  from  starch  in  being  soluble  in  water,  from  which 
it  separates  in  crystalline  form  and  turns  iodine  yellow  instead  of  blue. 

Glycogen  is  a  starch  modification  which  is  of  interest  only  because  of 
its  animal  origin,  being  found  in  the  liver. 

GUMiyiY  SUBSTANCES 

Gums  have  a  composition  similar  to  starch.  They  differ  from  starch 
in  being  either  soluble  in  cold  water  or  swelling  to  a  jelly  therein,  and  in 
being  precipitated  from  aqueous  solution  by  alcohol.  On  oxidation  with 
nitric  acid  they  yield  mucic  acid,  while  starch  on  oxidation  with  nitric 
acid  yields  dextrin. 

Among  the  gummy  principles  of  pharmaceutic  importance  are  the 
following: 

Dextrin,  made  by  oxidation  of  starch  with  nitric  acid,  this  being  the 
conmiercial  method  of  manufacture. 

It  is  also  produced  by  simply  heating  starch,  and  it  is  of  passing  inter- 
est to  note  that  the  polish  we  see  on  the  outer  siuf  ace  of  a  loaf  of  bread 
is  due  to  the  dextrinization  of  the  starch  of  the  flour,  and  to  the  same  cause 
is  due  the  high  polish  acquired  by  ironing  well-starched  linen. 

Dextrin  is  a  whitish-yellow  body,  dissolving  in  water  to  form  mucilage, 
for  which  purpose  it  is  chiefly  employed.  On  account  of  the  high  price 
of  gum  arable,  dextrin  has  been  suggested  as  an  emulsifier  in  making  cod- 
liver  oil,  and,  in  fact,  a  recipe  for  making  an  emulsion  with  dextrin  was 
given  in  the  third  edition  of  the  National  Formulary.  Such  emulsions 
have  never  yielded  satisfactory  results  in  the  writer's  experience. 

Arabic  Add. — This  is  the  active  principle  of  acacia,  where  it  is  found 
as  the  calcium  salt  {arabin).  On  hydrolysis  it  yields  glucose  and  arabi- 
nose,  the  latter  a  carbohydrate  having  the  formula  C^HioOs. 

Bassorin  is  the  chief  constituent  of  gum  tragacanth.  It  differs  from 
dextrin  in  the  fact  that  it  does  not  dissolve  in  cold  water,  but  simply 
swells  to  form  mucilage. 

Cerasiny  or  fruit-gum,  is  the  well-known  exudation  from  peach  and 
plum  trees.    It  is  insoluble  in  water,  but  dissolves  in  alkali. 

Pectins  are  acid  combinations  of  carbohydrates.  They  are  found 
in  various  vegetable  juices,  and  under  the  influence  of  a  ferment,  pedase 
they  coagulate.  This  explains  the  manufacture  of  jellies  from  fruit- 
juices,  and  also  explains  why  preparations  of  some  drugs,  notably  senega, 
gelatinize.  Bertrand  and  Mall^vre  found  that  calcium,  or  one  of  the  other 
alkaline  earths,  is  necessary  to  produce  gelatinization,  proving  that  the 
coagulated  mass  is  the  calcium  salt  of  pectic  acid,  and  not  pectic  acid 
itself. 
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SACCHARINE  DRUGS 

MANNA— Manna 

The  dried  saccharine  exudation  of  Fraxinua  Omus  linn^  (Fam.  OleacecB). 

Constituents. — Mannitol,  sugar,  dextrin.    Fraxin,  CieHigOio- 

Remarks. — Manna  exudes  from  the  trunk  of  the  manna  ash  during 
the  heat  of  the  day,  solidifying  in  the  chill  evening  air.  The  pharma- 
copoeia directs  the  use  of  what  is  commercially  called  "large-flake*' or 
"small-flake,"  manna,  "sorts"  manna  being  rejected.  A  favorite  method 
of  administration  is  as  "senna,  manna,  and  salts"  (compoimd  infusion  of 
senna,  p.  217). 

Medical  Properties. — ^Laxative. 

Dose. — 15  grammes.  (240  grains). 

MALTUM— Malt 

The  grain  of  one  or  more  varieties  of  Hordeum  satwum  Jessen  (Fam.  GraminBa^ 
partially  germinated  artificially,  and  then  dried  at  a  temperature  not  exceeding  55^C. 
it  is  capable  of  converting  not  less  than  5  times  its  weight  of  starch  into  sugars. 
Protect  it  from  heat  and  moisture. 

Summarized  Description. 

Yellowish  or  amoer-colored  grains;  agreeable  characteristic  odor;  sweet  taste;  not 
less  than  70  per  cent,  of  soluble  solids;  not  more  than  0.3  per  cent,  acidity  (calculated 
as  lactic  acid.)     For  details  see  U.S.P.,  p.  265. 

For  assay  see  U.S.P.,  p.  266. 

Constitttents. — Maltose  and  diastase. 

Remarks. — Malt  is  barley-seed  permitted  to  begin  to  sprout  when 
the  insoluble  starch  is  converted  by  the  ferment  diastase  into  soluble 
sugar  (maltose),  that  it  can  be  of  service  in  feeding  the  young  plant. 
So  soon  as  this  conversion  is  accomplished  the  plant  life  is  destroyed  by 
heating  to  70^C.  Malt  is  oflicial  merely  because  used  for  makmg  the 
official  extract  of  malt  (p.  278). 

MEL — ^Honey 

A  saccharine  secretion  deposited  in  the  honeycomb  by  the  bee,  Apis  meUifera 
Linn6  (Fam.  Apidos). 

Summarized  Description. 

Thick,  syrupy,  light  yellow  or  yellow-brown  liquid;  characteristic  odor;  sweet, 
faintly  acrid  taste;  levorotatory ;  diluted  with  twice  its  weight  of  water,  the  liquid  has 
sp.  gr.  1.099.     For  details  see  U.S.P.,  p.  269. 

For  tests  for  identity  and  for  impurities:  Starch  or  dextrin  (boiled  with  water,  solu- 
tion not  colored  blue,  green  or  red  with  iodine).  Foreign  colors  or  aso  dyes  (color 
of  solution  not  changed  on  adding  ammonia  or  hydrochloric  acid).  Invert  sugar 
(ethereal  extract  not  colored  orange,  cherry  or  brown  red  with  resorcinol).  Chlorides 
and  sulphates  (usual  test),  see  U.S.P.,  p.  269,  and  also  Part  V  of  this  book. 

Constittients. — Dextrose,  levulose,  traces  of  cane-sugar,  and  dextrin, 
particles  of  wax. 

Remarks. — Honey  usually  represents  the  nectar  extracted  from  flowers 
by  the  bee  and  stored  in  the  honeycomb  for  food  purposes. 

That  the  bee  is  able  to  produce  a  chemical  change  in  the  nectar  in 
transferring  it  from  the  flower  to  the  comb  is  shown  by  the  ability  of 
captive  bees  to  convert  dextrogyrate  sugar  to  levog3rrate  honey.  The 
tests  for  honey  given  above  are  important,  as  commercial  honey  is  no- 
toriously adulterated  with  artificial  glucose  (starch  sugar).  The  barium 
chloride  test  for  sulphates  has  a  bearing  on  this  pK>int,  since  most  com- 
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mercial  gluooee  contains  traces  of  sulphates  from  the  sulphuric  acid 
used  in  producing  it  from  starch. 

For  darified  honey,  U.S.P.,  see  p.  204. 

Medical  Properties, — Practically  none,  save  as  a  pharmaceutic  vehicle 
and  as  an  excipient. 

Dose, — 4  mils  (1  fluidrachm). 


Pninum  (U.S. P.  VIII;  N.F.  IV),  or  prune,  the  partly  dried  ripe  fruit  of.  Prunua 
domestica  linn^  (Fam.  RoaaeecB);  contains  sugar,  malic  acid,  pectin,  and  is  used  as  a 
laxative  and  nutritive.     It  is  an  ingredient  of  confection  of  senna,  N.F. 

Cassia  FistuU  (U.S.P.  VIII:  N.F.  IV),  or  cassia  fistula,  the  dried  fruit  of  Caihar- 
iocarptis  IAan6  Persoon  (Fam.  Leguminosece),  contains  sufnir^  gum,  pectin,  and  citric 
acid  and  is  an  ingredient  of  confection  of  senna,  N.F.  It  is  a  laxative  in  60-grain 
doses. 

Ficus  (TJ.S.P.  VIII;  N.F.  IV),  or  fi^,  is  the  partialljr  dried  fruit  of  Ficus  Carica 
Linn^  (Fam.  Moracem).  It  contains  sugar,  gum  and  nitrogenous  bodies.  Its  only 
true  fruit  part  is  the  tiny  seed  "seeds"  (or  achenes).  The  so-called  fruit  is  the 
basis  (receptacle),  upon  the  hollow  interior  surface  of  which  rest  the  separate 
minute  flowers  and  the  fruit  produced  therefrom.  Such  fruit  is  called  a  syconium. 
Figs  are  demulcent,  laxative,  and  nutritive.  It  is  a  constituent  of  confection  of 
senna. 

TRITICUM— Triticum 
(Tritic. — Couch  Grass — Dog  Grass) 

The  dried  rhisome  and  roots  of  Agrapyron  repens  (Linn6)  Beauvois  (Fam.  Grami- 
necs),  gathered  in  the  spring. 

Constituents. — Levulose,  triticin,  malates,  mucilage. 

Remarks, — This  drug  is  known  as  couch  grass  and  quick  grass.  It  has 
already  been  discussed  as  yielding  a  fluidextract  made  with  aqueous 
menstruum  (p.  246). 

Medical  Properties. — Diuretic. 

Dose, — ^8  grammes  (120  grains). 

XSUOLAGraOUS  DRUGS 

A  mucilaginous  drug  is  one  containing  one  of  the  gums,  discussed 
from  the  chemical  standpoint  on  p.  633.  To  what  is  there  stated  need 
only  be  added  the  warning  that  many  substances  commonly  called 
"gums"  are  not  true  gums,  in  the  modem  pharmaceutic  sense  Thus 
"gum  elastic"  (or  rubber)  and  "chicle  gum"  (the  basis  of  modem  chew- 
ing-gum) are  dried  milk-juices;  "gum  asafetida"  (p.  777)  and  "gum 
myrrh"  (p,  777)  are  gum  resins;  "gum  camphor"  (p.  733)  is  the  solid 
part  of  a  volatile  oil;  "gum  turpentine"  (p.  765)  is  an  oleoresin;  "gum 
tolu"  (p.  679)  is  a  balsam;  "gum  mastic"  (p.  774)  and  "gum  benzoin" 
(p.  776)  are  resins,  and  so  on. 

What  these  substances — milk-juices,  gum  resins,  oleoresins,  balsams, 
etc. — ^really  are  will  be  explained  in  the  appropriate  place,  and  here  let 
it  be  said  that  a  tme  gum  is  a  carbohydrate  derivative,  more  or  less 
soluble  in  water  (forming  an  adhesive  solution  or  paste)  and  insoluble 
in  alcohol. 

ALTHiBA— Althfiea 

(Marshmallow  Root) 

The  root  of  AUhaa  officinalis  Linn^  (Fam.  MaivacecB)  deprived  of  the  brown, 
corky  layer  and  small  roots,  and  carefully  dried.  Preserve  Althsea  in  tightly  closed 
containers,  adding  a  few  drops  of  chloroform  or  carbon  tetrachloride  from  time  to 
time,  to  prevent  attack  by  insects. 
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Canstittients, — ^Mucilage,  asparagin  (p.  614),  starch,  sugar,  pectin. 

Remarks. — This  drug  is  commonly  called  ''marshmallow  root,"  and 
it  might  be  said,  in  passing,  that  the  confection,  ^'marshmallow  drops," 
originally  contained  this  drug.  Now  it  is  innocent  of  such  admixture, 
being  made  from  sugar  and  gum  dusted  with  cornstarch.  Powdered 
althsea  is  a  valuable  absorbent  medium  for  making  pills  from  liquids. 

Medical  Properties, — Demulcent,  usually  in  the  form  of  syrup  (syrupus 
althaea,  N.F.,  p.  202). 

ULMUS— Elm 
(Elm  Bark— Slippery  Elm) 

The  bark  of  UlmiLafulva  Michaux  (Fam.  lJlmace(B)j  deprived  of  the  outer  corky 
layer  and  dried. 

ConsiUuenis. — Mucilage,  trace  of  tannin,  and  only  a  very  little  starch. 

Remarks. — Ulmus  or  slippery^lm  bark  is  the  inner  bark  of  the  special 
kind  of  elm  tree,  the  periderm  or  corky  bark  having  been  removed. 

Medical  Properties. — Demulcent  and  emollient.  The  mucilage  (mu- 
cilago  ulmi,  U.S. P.  VIII,  p.  193)  is  used  as  a  basis  of  domestic  cough 
remedies,  while  the  ground  bark  is  used  as  a  soothing  poultice. 

Sassafras  medulla  (U.S.?.  VIII;  N.F.  IV)  or  sassafras  jnth  is  obtained  from 
Sassc^ras  variifolium.  it  contains  a  mucilage  which  is  not  precipitated  from  aqueous 
solution  bv  alcohol.  It  is  used  as  a  demulcent  and  its  cold  infusion,  mucilago  sassafras 
medvUcB  N.F.  (p.  103),  is  used  as  a  soothing  basis  for  eye  lotions. 

AGAR— Agar 

(Agar-agar) 

The  dried  mucilaginous  substance  extracted  from  QraciloTiA  {SphoBrococcus) 
lichenoides  Greville  and  other  marine  algse  growing  along  the  eastern  coast  of  Asia, 
particularly  several  species  of  Gelidiumj  or  UloiopeUis  (Class  Rhodophycea). 

Constituents. — Chiefly  gelose,  a  carbohydrate  that  hydrolyzes  to  galac- 
tose; ash  (about  4  per  cent.)  consisting  largely  of  diatoms  or  fossilized  mi- 
croscopic plants. 

Remarks. — Agar  comes  from  the  Orient  and  is  prepared  from  sea  weeds. 
It  occurs  in  thin,  translucent  membranes  and  boiled  with  100  parts  of  water, 
yields  upon  cooling  a  stifif  jelly. 

Medical  Properties. — Now  very  popular  as  a  mechanical  remedy  for 
constipation,  by  forming  with  the  fluids  of  stomach  and  intestines  a 
jelly  which  increases  in  bulk  and  causes  a  movement  of  the  bowels.  It 
is  also  used  for  making  culture  media  in  bacteriological  work. 

Dose. — 10  grammes  (2  drachms). 

ACACIA— Acacia 
(Acac. — Gum   Arabic) 

The  dried  gummy  exudation  of  Acacia  Senegal  Willdenow,  and  of  other  African 
species  of  Acacia  (Fam.  Leguminosce). 

Constituerds. — Arabin,  a  levogyre  gum,  chiefly  calcium  salt  of  arable 
acid,  which  hydrolyzes  to  arabinose,  CsHioOb.  It  also  contains  an  oxy- 
dase that  causes  the  color  changes  when  it  is  mixed  with  guaiac. 

Remarks. — Acacia  is  precipitated  from  solution  by  lead  subacetate, 
ferric  chloride,  and  saturated  solution  of  borax;  hence  these  substances 
should  not  be  prescribed  with  mucilage  of  acacia;  alcohol  also  precipi- 
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tates  the  mucilage.    A  mucilage  made  from  3  parts  of  acacia  and  6  parts 
of.  water  will,  however,  stand  the  addition  of  1  part  of  alcohol. 

Medical  Properties. — Demulcent,  It  is  the  most  important  pharma- 
ceutic adhesive  agent,  and  is  employed  for  this  purpose  in  emulsions. 
Official  preparations:  Syrup  of  acacia  (p.  196)  and  mucilage  of  acacia 
(p.  193). 

TRAGACANTHA— Tragacanth 

(Trag. — Gum   Tragacanth) 

The  spontaneously  dried  gummy  exudation  from  the  stems  of  Astrtigalus  ffummifer 
Labillardiere,  or  from  the  other  Asiatic  species  of  Astragalua  (Fam.  LeguminoscB). 

Constiiuerds, — Water-soluble  gum,  similar  to  arabin;  bassorin, 
C12H20O12  which  does  not  dissolve  in  water,  but  simply  swells  therein, 
making  a  jelly;  cellulose. 

Remarks. — Tragacanth  differs  from  acacia  in  swelling  to  a  jelly, 
when  mixed  with  water,  instead  of  dissolving  therein,  as  does  acacia. 
The  official  mucilage  (mucilago  tragacanthse,  p.  193)  is  largely  used  as 
a  basis  for  jellies  for  chapped  hands.  It  is  also  an  excellent  pill  excipient. 
Powdered  tragacanth  is  frequently  adiilterated  with  Indian  guniy  an 
exudation  from  Sterculia  urens  and  with  sarcoUa^  which  is  obtained  from 
other  species  of  Astragalus. 

Medical  Properties, — Demulcent. 

CHONDRUS— Chondrus 
(Irish  Moss — Carrageen) 

The  dried  plant  of  Chondrus  criapus  ^nn^)  Stackhouse  and  Gigariina  mamiUoaa 
(Goodenough  et  Woodward)  J.  Agardh  (Fam.  GigartinacecB), 

Constiti^nls. — Pectin  (called  carragJieenin  by  Pareira),  mucus,  and 
traces  of  iodine  and  bromine. 

Medical  Properties. — Chondrus  (Irish  moss  or  carragheen)  is  used  as  a 
demulcent  and  nutritive,  being  always  administered  in  the  form  of  a 
jelly  made  by  boiling  one  part  of  drug  with  thirty  parts  of  water  and 
letting  strained  solution  cool.  The  decoction,  carefully  evaporated, 
and  the  syrupy  residue  poured  on  glass  plates,  yields  scaled  Irish  moss 
gelatiny  (or  gelatinum  chondri  N.F.)  recommended  by  Emlen  Painter  as 
an  emulsifying  base. 

Cetraria,  the  lichen,  Cetraria  ialandicaf  was  official  in  former  pharmacopoeias, 
but  was  dropped  in  the  revision  of  1890.  It  contains  two  mucilagmous  principles. 
lichinin,  Ci2ll2oOio«  and  lichnoidy  and  a  bitter  principle,  celraric  acid,  since  discoverea 
to  be  a  mi^ure.  It  was  used  as  a  nutritive  in  sick  diet  in  the  form  of  jelly  (decoctum 
cetrarise.  U.8.P.  1890).  For  this  purpose,  however,  the  bitter  cetraric  acid  had  to  be 
removed  before  jelly  was  made;  hence  the  directions  in  making  the  decoction  to 
throw  away  the  first  water  in  which  the  drug  was  washed  (p.  218). 
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CHAPTER  XL 

GLUCOSIDES  AND  GLUCOSIDAL  DRUGS 

The  large  and  important  class  of  plant  principles  called  glucosides 
are  ethers  of  glucose  with  complex  bocties,  the  usual  definition  of  gluco- 
sides being  bodies  which,  when  treated  with  a  diluted  acid  or  a  ferment,  split 
into  glucose  and  some  other  body. 

This  "other  body"  is  usually  of  complex  character,  the  composi- 
tion of  which  is  little  known.  In  most  cases  the  glucoside  derivatives 
are  compounds  of  benzene,  and  as  the  knowledge  of  these  derivatives 
is  extended  and  they  are  placed  in  their  proper  position  in  systematic 
chemistry,  the  glucoside  in  question  can  be  more  properly  studied 
under  such  heading.  Already  we  are  confronted  with  this  condition 
in  the  glucosidal  drugs  bitter  almond  and  black  mustard.  In  each 
case  the  product  of  hydrolysis  is  of  more  pharmaceutic  importance  than 
is  the  glucoside  itself,  hence  black  mustard,  is  studied  among  the  thio- 
cyanates  (p.  674),  while  the  bitter  almond  is  considered  along  with  the 
benzaldehydes  (p.  705). 

Even  the  word  "glucose,"  used  in  the  above  definition,  does  not 
indicate  the  definite  chemical  we  know  by  that  name.  As  already  learned, 
there  are  a  large  number  of  bodies  having  the  formula  C6H12O6,  and 
"glucose"  in  the  above  definition  means  any  one  of  these.  More  than 
that,  some  glucosides  yield  carbohydrates  other  than  hexoses;  thus, 
digitalin  is  said  to  yield  digitalose,  C7H14OB. 

Rosenthaler  has  attempted  a  classification  of  glucosides  which  we  condense 
in  the  following  table.  In  this,  the  word  " aglycone '*  refers  to  the  "other  substances  *' 
produced  by  the  hydrolysis  of  the  glucosides 

A.  Glucosides  with  nitrogen  free  aglycones, 

I.  Yielding  aliphatic  aglycones, 
(a)  Alcohols,     ] 
(h)  Aldehydes,  >  Of  little  importance. 

(c)  Ketones,      J 

(d)  Adds,     Examples,  jalapin,  convolvulin  and  glycyrrhizinic  acid. 
II.  a.  Yielding  aromatic  aglycones. 

Benzene  derivatives. 

(a)  Alcohols,    Of  little  importance. 

Ih)  Phenols,    Examples,  arbutin  and  methyl-arbutin. 

(c)  Phenolic  alcohols,    Examples,  salicin  and  populin. 

{d)  Phenolic  adds.    Examples,  gallic  acid  anci  tannic  acid  glucosides. 
^.  Yielding  styrol  derivatives, 

(a)  Alcohols.    Examples,  coniferin  and  syringin. 

(&)  Phenolic   adds   and   lactones.     Examples,    caffetannic    acid,    daphnin, 
sesculin  and  fraxin. 

(c)  Phenolic  esters.    Example,  hesperidin. 
6,  Anthracene  derivatives.     Examples,  frangulin  and  barbaloin. 
III.  Yielding  heterocyclic  aglycones, 

a,  FUwone  derivatives.    Examples,  quercetin. 

B.  Glucosides  toilh  aglycones  containing  nitrogen, 

I.  Yielding  aliphatic  aglycones.    Of  little  m[iportance. 
II.  Yielding  aromatic  aglycones.    Example,  amygdahn  and  similar  glucosides. 

C.  Glucosides  with  aglycones  containing  nitrogen  and  sulphur. 
I.  Yielding  aliphatic  aglycones.     Example,  sinigrin. 

II.  Yielding  aromatic  aglycones.     Example,  sinalbin. 
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The  word  ^^hydrolysis^^  used  above  expresses  the  process  of  decompoB- 
ing  chemical  substances  by  introducing  the  element  of  water,  this  being 
the  function  of  the  diluted  acid  or  the  ferment  in  the  decomposition  of 
glucosides,  as  expressed  in  the  following  equations,  illustrative  of  a 
few  examples  of  such  decomposition  of  glucosides: 

Amygdalin  plus  Water  equal  Glucose  plus  Hydrocyanic  acid  plus  Benzaldehyde. 
CoHjyNOii     -I-      2H2O     =     2C6Hia06     +  HON  +        C*H»CHO 

Arbutin  plus  Water  equal  Glucose  plus  Hydroquinone  plus  Methyl  hydroquinone. 
C,6H,40i4     4-    2H2O     «     2CeHi20e  +      CeH4(OH)2     -h       CH,C,H,(OH), 

Digitalin  equals  Digitaligenin  plus  Glucose  plus  Digitalose. 
CssHseOu     =       CmHjoOs         -f"   CeHisOe     +       CTHiiO* 

Digitonin  plus  Water  equal  Digitogenin  plus  Galactose  plus  Dextrose. 
CJ7H44O1,     +     2H2O     =       CibHmO,       +     C.HijOe     +     CeHitOe 

Digitoxin  plus  Water  equal  Digitoxigenin  plus  Digitoxose. 
C34H64O11     -|-     HjO       =         OssHs204        +     2CeHi204 

Gentiopicrin  plus  Water  equal  Gentiogenin  plus  Glucose. 

C16H20O9       +     H2O        =  C10H10O4       "I"     CeHisOe 

Glycyrrhizin  plus  Water  equal  Glycyrrhetinic  Acid  plus  Glycuronic  Acid 
C44H64O19         -f-     2H2O      =  C,2H4807  -f  2C6HioOt 

Ipuranol  plus  Water  equal  Dextrose  plus  Phytosterol. 
CwHsBGe    +       H,0     =     C»H,20e     +     C27H4eO 

Myronic  Acid  plus  Water  give  Glucose  plus  Potassium  Bisulphate  plus  Oil  Mustard. 
CioHieKO.NSa  +  H2O     =     C»H,206     +  KHSO4  +      C.H.CSN 

Salicin  plus  Water  equal  Glucose  plus  Saligenin. 
CuHisOt  +     H2O       =     C^HisOe     +      C7H«02 

Strophanthin  gives  Strophanthidin  plus  Strophantho-biose-methyl-ether  plus  Water. 
C4oHeeOi.       =         C27H88O7         -h  Ci,H,iOioCH,  -h      2H,0 

The  following  glucosides  have  been  studied,  but  not  sufficiently  to  furnish  complete 
equation : 


* 


Chiratin  hydrolyzes  to  ophelic  acid  and  chiratogenin. 

Colocynthm  hydrolyzes  to  colocynthein  and  sugar. 

Convallarin  hydrolyzes  to  convallaretin. 

Convallamarin  hydrolyzes  to  convallamaretin. 

Ericolin  hydrolyzes  to  ericinol. 

'PariUin  hydrolyzes  to  parigenin. 

Scammonin  hydrolyzes  to  scammonol,  valerianic  acid,  and  grape  sugar. 

Saponin  hydrolyzes  to  glucose  and  sapogenin. 

SAPONINS 

Under  the  head  saponin  we  include  a  large  number  of  glucosides  frothing  like  soap 
when  shaken  with  water,  usually  toxic,  and  while  closely  similar,  are  not  identical 
in  chemical  composition,  nor  is  the  hydrolysis  product,  sapogenin,  identical  in  each 
case.  The  following  list  gives  the  composition  of  typical  saponins  as  reported  by 
Robert : 

General  Formtda  CnHsn-sOio 
(36  known) 

•  Senegin C18H28O10,  from  senega. 

Quillajic  acid (Ci»H8oOio)i,  from  quillaja. 

Smil&^aponin (C2oH820io)»  +  I2H2O  from  sarsaparilla. 

Sarsa-saponin (C22H860io)is  -f  24H20from  sarsaparilla. 

PariUin Cs«H440io,  from  sarsaparilla. 


GLITCOSIDES   AND    GLUCOSIDAL   DRUGS  641 

.  General  Formula,  CnHto-KOu 
(8  known) 

Schmiedeber^'s  digitonin CdHseOss,  from  digitalis. 

Windhaus'  digitonin CuH940m,  from  digitalis. 

Secondary  Glitcosides  from  Saponins,  GnHtn.607 

(10  known) 

Senegenin. CtoHssOr,  from  senega. 

Melcmthinic  acid C20HSSO7,  from  veratrum. 

SapogeninSj  CnHsn.aOa 
(6  known) 

Parillin  sapogenin CuHssOi 

Quillaja  sapogenin ChHssOs 

Sapogenins,  CnHte-eOi 

Sarsa-saponin  sapogenin (Ci4Hs908)s. 

'  Kiliani's  digitogenin (CitHsiOs)}. 

Van  der  Haar  has  shown  that  the  sapogenins,  on  distillation  with  zinc  dust  yield 
terpene  derivatives. 

GLUC08IDAL  DRUGS 

As  mentioned  above,  glucosides  owe  their  characteristics  primarily 
to  those  products  of  hydrolysis  other  than  glucose,  and  as  these  products 
possess  widely  varying  properties,  the  grouping  of  glucosidal  diiigs 
brings  together  agents  showing  marked  difference  in  medical  action. 
In  an  attempt  to  bring  a  semblance  of  order  into  this  therapeutic  con- 
fusion the  drugs  considered  in  this  chapter  will  be  grouped  as  follows: 

Drug  containing  sweet  glucosides Glycyrrhiza. 

Drugs  containing  bitter  glucosides Gentian. 

Drugs  containing  glucosides  acting  on  heart Strophanthus,  squill,  and  digitalis. 

Drugs  containing  purgative  glucosides Lappa,  jalap,  scammony  root,  colo- 

cynth  pulp. 

Drugs  containing  astringent  glucosides Uva  ursi. 

Drugs  containing  saponin Sarsaparilla  and  senega. 

GLYCYRRHIZA-Glycyrrhiza 
(Glycyrrh. — Licorice— Liquorice  Root) 

The  dried  rhizome  and  roots  of  Glycyrrkiza  glabra  iypica  Kegel  et  Herder,  known 
in  commerce  as  Spanish  Licorice,  or  of  Glyqjrrhiza  glabra  glandul%fera  Regel  et  Herder, 
known  in  commerce  as  Russian  Licorice  (Fam.  LequminoscB). 

Preserve  powdered  and  whole  Glycyrrhiza  in  tightly  closed  containers  to  which  a 
few  drops  ot  chloroform  or  carbon  tetrachloride  are  added  from  time  to  time  to 
prevent  attack  by  insects. 

Canstitiierda. — Glycyrrhizin  or  glycyrrhizic  add,  the  potassium  and  cal- 
cium salts  being  the  combination  found  in  the  drug;  glucose,  mannitol, 
asparagin,  fat  and  resin,  glyc3aThamarin;  and  a  trace  of  volatile  oil. 

Tschirch's  researches  show   that  glycvrrhizin  is  not  a  true  ^lucoside  since  its 
hydrolysis  product  is  not  an  ordinary  carbohydrate.     The  followmg  gives  both  the 
hydrolysis  equation  and  the  graphic  formulse  of  the  ingredients  and  reaction  products. 
Glycyrrhizin  Acid. 
(Glycyrrhizin) 

/OHC    — (CHOH)r-CH— 0— CHOH— COOH 
CaiH460r-COOH  +  2HiO  » 

\OHC  — (CHOH)r-CH— O— CHOH— COOH 


Glycyrrhetinic  Acid      Glucaronic  Acid 


uiy 
/OH 


CtiH^^Or-COOH     -h    2CH0— (CHOH)*— COOH. 
\0H 

41 
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Remarks. — The  pharmacopceia  permits  the  use  of  both  Spanish  and 
Russian  licorice,  the  latter  being  larger  than  the  Spanish,  and  comes  into 
commerce  peeled.    It  is  sweeter  than  the  Spanish,  hence  preferable. 

Medical  Properties. — Demulcent  and  expectorant.  Used  largely  to 
disguise  the  taste  of  quinine  and  other  bitter  substances,  for  which  pur- 
pose ammoniated  glycyrrhizin  or  the  fluidextrad  (p.  247)  is  used. 

The  other  official  preparations  of  glycyrrhiza  are  the  pure  extracts 
(p.  277),  brown  mixture  (p.  25p,  and  compound  licorice  powder  (p.  293). 

Dose. — 2  grammes  (30  grains). 


GLTCTRRmzmnM  AMMONIATUM— Ammoniated  Glycyrrhizin 

(Glycyrrh.   Ammon.) 

Summarized  Description, 

Dark  brown  or  reddiah-brown  scales;  very  sweet  taste;  soluble  in  water  and  in 
alcohol;  ash  not  more  than  0.5  per  cent.     For  details  see  U.S.P.,  p.  207. 

Remarks. — This  substance,  representing  the  glycyrrhizin  in  more  or 
less  impure  form,  is  made  by  precipitation  from  an  anunoniacal  aqueous 
percolate  of  glycyrrhiza  by  means  of  sulphuric  acid.  The  crude  precipi- 
tated glycyrrhiza  is  dissolved  in  ammonia  water  and  water,  is  reprecipi- 
tated  with  acid,  again  dissolved  in  ammonia  water  and  water,  and  then 
"scaled"  (p.  617). 

Medical  Properties. — This  product  is  used  entirely  for  masking  taste 
of  bitter  substances. 

Dose. — 250  milligrammes  (4  grains). 

GENTIANA— Gentiao 
(Gentian — ^Yellow  Gentian  Root) 

The  dried  rhizome  and  roots  of  Crentiana  Iviea  Linn^  (Fam.  Geniianacem). 

ConstitiLents. — Gentiopicrinf  a  bitter  glucoside;  gerdianin^  a  bitter 
principle;  gentisin,  when  fused  with  potassa,  yields  gerUisic  add  (di- 
hydroxy-benzene-carboxylic  acid)  a  body  that  turns  deep  blue  with  ferric 
chloride,  etc. 

Gentian  contains  no  tannin,  the  darkening  of  its  preparations  by 
iron  salts  being  due  to  gentisin  and  gentisic  acid. 

Remarks.— ^eniisin  preparations  yield  unsightly  mixtures  when  com- 
bined with  iron  unless  the  glentisin  is  removed  by  treatment  of  the  prepa- 
ration with  ferric  hydroxide  or  unless  tincture  of  citro-chloride  of  iron, 
N.F.,  is  employed. 

The  National  Formulary  gives  recipes  for  four  elixirs  of  gentian. 
(See  p.  208.)  Of  these,  the  most  popular  is  the  glycerinated  elixir  of 
gentian  which  is  similar  to  the  so-called  "glycerin  tonic,"  which  is  largely 
prescribed. 

Medical  Properties. — Simple  bitter,  stimulates  digestion  and  improves 
the  appetite. 

Administered  as  fluidextract  (p.  244)  and  as  compound  tincture  of 
gentian  (p.  227).  The  official  extract  (p.  276)  is  a  useful  excipient  for 
tonic  piUs,  but  should  not  be  used  for  this  purpose  by  a  pharmacist 
unless  so  prescribed  by  the  physician. 

Dose. — 1  gramme  (15  grains). 


I 
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Chirata  (U.S.P.  VIII;  N.F.  IV)  is  the  dried  plant  of  Swertia  Chirayita  (Roxburgh) 
Hamilton  (Fam.  Gentianacece),  It  contains  ophelic  acid  and  chiratin^  the  latter  a 
glucoside.  It  is  an  East  Indian  herb  of  intensely  bitter  taste,  little  used  in  this 
country,  but  quite  popular  in  England,  and  is  used  as  a  simple  bitter  in  15-grain  doses. 

SALICmUM— SaUcin 
(Salicin.) 

A  glucoside  [CiaHisOr  =  286.14]  obtained  from  several  species  of  Salix  and 
PopuLus.  (Fam.  SaHcacece),     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Colorless  silk^  shining  crystalline  needles,  or  rhombic  prisms  or  white  ci^stalline 
powder;  soluble  m  about  23  parts  of  water  and  in  about  71  parts  of  alcohol;  insoluble 
m  ether  or  chloroform;  melts  between  198®  and  202*'C.;  levorotatory.  For  details 
see  U.S.?.,  p.  364. 

For  teds  for  ideniUy,  for  impurUiee:  SaUcylic  acid  (not  colored  violet  with  ferric 
chloride).  Alkaloids  (not  precipitated  by  alkaloidal  reagents).  Heavy  metals 
(hydrogen  sulphide  test),  ana  for  assay  see  U.S.P.,  p.  364  and  also  Part  V  of  this  book. 

Extraction. — SaUcin  is  prepared  by  making  an  aqueous  infusion  of 
willow  bark,  precipitating  the  gum  and  starchy  matter  from  the  in- 
fusion by  treatment  of  lead  subacetate,  removing  the  excess  of  lead 
acetate  by  treatment  with  calcium  carbonate.  The  filtrate  is  then  con- 
centrated in  order  to  permit  the  crystals  of  salicin  to  separate  out. 
These  are  purified  by  recrystallization. 

Remarks. — As  mentioned  at  the  beginning  of  this  chapter,  salicin 
hydrolyzes  to  saligenin.  The  latter  oxidizes  to  salicylic  aldehyde  and 
salicylic  acid  (p.  709). 

Medical  Properftes.— Febrifuge  and  antirheuihatic. 

Dose, — 1  gramme  (l5  grains). 

Scutellaria  (U.S.P.  VIII;  N.F.  IV)  or  shuU  cap  is  the  dried  plant  of  Scutellaria 
laterifora  IAnn6  (Fam.  LabvaUB).  It  contains  a  glucoside,  sctUeuarin  and  a  trace  of 
volatile  oil.  It  is  a  tonic  and  is  popularly  supposed  of  value  as  a  nervine.  Its  dose 
is  15  grains. 

Crocus  (U.S.P.  1890;  N.F.  IV)  or  saffron  is  interesting  as  one  of  the  most  expensive 
of  vegetable  drugs,  its  great  cost  being  due  to  the  labor  of  collection.  The  definition 
of  the  drug  is  "the  stigmas  of  Crocus  saHvus"  by  which  is  meant  the  upper  portion 
of  the  female  organ  of  the  flower. 

On  taking  an  Easter  lily  or  Bermuda  lily  and  slicing  lengthwise  the  white  funnel- 
shaped  petal  group  (called  the  perianth)  and  removing  it,  all  the  interior  organs  are 
removed  save  the  large  central  club-shaped  coliunn.  This  is  the  pistil  or  female 
or^an,  and  this  consists  of  three  parts:  first,  the  ovary  at  the  base,  which,  on 
bemg  sliced,  shows  the  ovules  which  develop  into  seeds;  second,  the  stvle  or  slender 
tube,  terminating  in,  third,  a  disc-like  triple-divided  stigma  designed  to  hold  the 
pollen  by  which  the  ovary  is  fertilized. 

In  saffron,  the  stigma,  instead  of  being  a  flat  disc  like  that  of  the  hly,  consists  of 
three  delicate  threads,  and  these  constitute  the  official  drug,  to  obtain  a  pound  of 
which  necessitates  the  picking  of  stomas  of  about  150,000  flowers,  and  that  by  hand. 
Hence,  it  is  easy  to  understand  wh}^  saffron  is  so  expensive  and  why  so  la^rg^ly  adulter- 
ated, the  chief  adulterant  being  the  shredded  petals  of  other  flowers,  liie  chief  use 
of  saffron  is  in  domestic  practice — for  measles — ^and  in  cookine. 

Saffron  contains  three  crystalline  bodies,  one  of  which  hydrolyzes  to  the  volatile 
oil.  Its  characteristic  color  is  due  to  a  glucosidal  pigment  called  crocin,  which 
hydrolyzes  to  croceiin  and  a  carbohydrate,  crocose. 

ConvaUaria  Radix  (U.S.P.  VIII;  N.F.  IV)  or  lUy-of-lhe-vaUey  root  is  the  dried 
rhizome  and  roots  of  ConvaUaria  majcdis  Liim6  (Fam.  LUiacece),  It  contains  con- 
vaUarin,  a  ^lu(K>side,  convaUamarin,  a  saponin.  It  slows  and  strengthens  heart-beat, 
as  does  digitalis.  Its  dose  is  8  grains.  ConvaUaria  flowers  are  also  recognized  by  the 
Formulary. 


644  PRINCIPLES   OF   PHABMACY 

STROPHANTHUS— Strophanthus 
(Strophanth.) 

The  dried,  ripe  seeds  of  StrapharUhua  Kombe  Oliver,  or  of  StrapharUhus  kupidus 
De  Candolle  (Fam.  ApocynacecB),  deprived  of  the  long  awns.  If  made  into  the  official 
tincture  and  assayed  biologically  tne  minimum  lethal  dose  should  not  be  greater 
than  0.00006  mil  of  tincture,  or  the  equivalent  in  tincture  of  0.0000005  Gm.  of  ouabain, 
for  each  gramme  of  body  weight  of  frog.  Preserve  Strophanthus  in  tightly  closed 
containers,  adding  a  few  drops  of  chloroform  or  carbon  tetrachloride,  from  time  to 
time,  to  prevent  attack  by  insects. 

Constituerds. — Strophanthiny  a  glucoside,  kombic  add,  a  fixed  oil,  etc. 

Remarks. — ^The  "  awn"  referred  to  in  the  official  definition  is  a  feather- 
like appendage  to  the  seed,  intended  to  aid  in  transportation  of  the  seed 
by  the  wind. 

The  fixed  oil  is  a  source  of  annoyance  to  the  pharmacist,  as  a  tincture 
made  with  strong  alcohol  becomes  milky  when  mixed  with  water.  For 
this  reason  the  official  tincture  is  made  by  first  percolating  the  drug  with 
benzin  to  remove  the  fat  before  percolating  with  the  real  menstruum, 
alcohol. 

Medical  Properties. — Acts  on  the  heart  as  does  digitalis. 

Dose. — 66  milligrammes  (1  grain). 

STROPHANTHINUM— Strophanthin 

(Strophanthine) 

A  glucoside  or  mixture  of  ^lucosides  obtained  from  Strophanthus  Kombe  Oliver 
(Fam.  Apoq/naceoB).    Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Deecripiian, 

White  or  yellowish  powder;  very  toxic;  very  soluble  in  water  and  in  diluted  alcohol ; 
less  soluble  in  dehydrated  alcohol;  insoluble  in  chloroform,  ether  and  benzene; 
dextrorotatory.     For  details  see  U.S. P.,  p.  414. 

Color  Reactions, — ^Emerald-green  color  with  sulphuric  acid;  red-brown,  then 
dark-green  with  ferric  chloride  and  sulphuric  acid.    See  U.S.P. 

Eoctradion. — Strophanthin  is  obtained  by  extracting  the  fat-free 
pulverized  seeds  with  70  per  cent,  alcohol,  and  removing  the  alcohol 
from  the  tincture  by  distillation.  The  thin  extract  after  a  few  dajrs  de- 
posits crystals  of  strophanthin,  which  after  collection  on  a  hardened 
filter  and  after  recrystallization  ifrom  boiling  water  yields  a  pure  product. 

It  will  be  seen  from  the  above  definition  that  it  is  a  question  whether 
strophanthin  is  a  definite  body  or  a  mixture.  It  is  used  like  strophan- 
thus, but  in  very  minute  doses. 

Dose. — ^0  milligramme  (J^oo  grain). 

SCILLA— Squill 
(Scill.) 

The  fleshy,  inner  scales  of  the  bulb  of  the  white  variety  of  Urginea  mariUma 
(Linn^)  Baker  (Fam.  LiliaceaB),  cut  into  pieces  and  carefully  dried.  Preserve  SquHl  in 
tightly  closed  containers,  in  a  dry  place.  U  made  into  the  official  tincture  and  assayed 
biologically  the  minimum  lethal  oose  shoidd  not  be  greater  than  0.006  mil  of  tincture 
or  the  equivalent  in  tincture  of  0.0000005  Gm.  of  ouabain,  for  each  granmie  of  body- 
weight  of  frog. 

Constituerds. — Scillitin  C17H26O6  and  scillidiuretin.  Scillipicrin  and 
scillitoxin  are  now  known  to  be  mixtures.  Squill  contains  calcium  oxalate 
in  peculiar-shaped  crystals  called  raphides,  and  also  mucilage. 
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Remarks. — While  squill  is  used  as  a  domestic  remedy,  it  must  be 
borne  in  mind  that  its  active  principles  have  action  on  the  heart  similar 
to  digitalis.  Hence  squill  preparations  should  be  used  with  caution. 
By  reason  of  the  irritating  action  of  its  calcium  oxalate  crystals,  ground 
squill  has  been  recommended  as  a  rat  poison. 

Medical  Properties, — ^Nauseant,  expectorant,  and  diuretic. 

Official  Preparations. — The  vinegar  (p.  255),  the  syrup  (made  from 
the  vinegar)  (p.  199),  the  fluidextrad  (p.  248),  and  the  compound  syrup, 
which  is  made  from  the  fluidextract  (p.  200). 

Dose. — 100  milligrammes  (IJ^  grains). 

DIGITALIS— DigitaUs 

(Digit. — Foxglove — Digitalis  folium  P.  I.) 

The  carefully  dried  leaves  of  DigitalU  purpurea  Linn^  (Fam.  ScropkuLariaeetB) 
without  admixture  of  more  than  2  per  cent,  of  stems,  flowers,  and  other  foreign 
matter.  If  made  into  the  official  tincture  and  assayed  biologically  the  minimum  lethal 
dose  should  not  be  greater  than  0.006  mil  of  tincture,  or  the  equivalent  in  tincture 
of  0.0000005  Gm.  of  ouabain,  for  each  gramme  of  boay  weight  of  the  frog.  Digitalis 
should  be  preserved  in  tightly  closed  containers  protected  from  light. 

Constitvsnts. — Digitonin  (a  saponin),  digitalin,  (a  glucoside),  digitalein 
(mixture  of  several  bodies,  chiefly  digitonin),  digitoxin,  digitophyllin, 
digitin,  digitoflavin,  5  per  cent,  fat,  and  a  trace  of  substance  darkening 
with  ferric  chloride.  Of  these,  the  first  four  are  the  only  ones  of 
therapeutic  importance,  and,  in  truth,  the  re^al  activity  of  digitalis  seems 
included  in  the  two  principles — digitalin,  the  cardiac  stimulant,  and 
digitonin,  depressant  and  diiu-etic. 

Remarks. — There  has  been  no  drug  concerning  which  there  have  been 
more  conflicting  opinions  expressed  during  the  past  decade  than  digitalis. 
In  fact,  about  the  only  fact  upon  which  all  observers  agree  is  that  it  is 
one  of  the  most  valuable  drugs  in  our  materia  medica.  Among  the  points 
concerning  which  opinion  has  changed  we  find  that  while  it  was  for  many 
years  thought  that  digitalis  leaves  collected  from  a  plant  two  years  old 
were  better  than  those  picked  from  a  young  plant.  Worth  Hale  has  shown 
by  physiological  tests  that  the  first  year  leaves  have  as  much  activity 
as  have  those  from  the  two-year  old  plant.  Again  it  was  supposed  that 
the  plucked  leaves  deteriorated  quickly  and  in  some  of  the  foreign 
pharmacopoeias  elaborate  directions  are  given  for  drying  the  fresh  leaves 
and  for  keeping  the  desiccated  leaves  dry.  Hatcher  has  recently  shown 
however  that  old  indifferently  preserved  leaves  have  as  much  activity 
as  have  those  which  have  been  carefully  dried.  It  has  also  been  shown 
that  there  is  Uttle  difference  in  the  activity  of  wild  and  cultivated  leaves. 

When  we  turn  to  the  chemistry  of  digitalis,  the  situation  is  still  more 
confusing.  Thus  while  the  constituents  cited  above  are  generally  ac- 
cepted, Kraft  claims  that  the  activity  resides  in  five  ^ucosides,  to 
which  unfortunately  he  gives  names  other  than  those  of  Kiliani  enumer- 
ated above. 

It  will  be  seen  from  the  mention  of  the  constituents  given  above  that 
the  chemistry  of  digitalis  is  very  complex,  and  is  not  yet  fully  cleared 
up.  The  confusion  is  particularly  noted  in  the  various  digitalins  found 
in  the  market — the  so-called  "French  digitalin."  of  Nativelle;  that  of 
Homolle;  and  the  commercial  "German  digitalin,"  being  totally  different 
bodies.  The  last  consists  practically  of  digitonin,  and  is  of  but  little 
activity  (dose,  J^o  *o  }4  grain) ;  whUe  Homolle's  is  quite  potent  (dose, 
^00  to  J^o  grain).     Digitoxin  is  now  considered  a  more  important  heart 
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tonic  than  the  several  digitalins  just  described  (dose,  J^4o  to  J^o  grain). 
The  confusion  of  these  digitalins  is  apt  to  lead  to  dangerous  results,  and 
until  the  question  is  definitely  settled  on  a  basis  of  scientific  exactness, 
the  prescribing  of  digitalin  is  not  to  be  advised. 

The  difficulty  in  selecting  digitalis  of  uniform  quality  is  enhanced  by  the  fact  that 
there  is  no  reliable  chemical  assay  for  the  drug.  Recoiu'se  is,  therefore,  had  to  a 
** physiologic  assay ^**  and  as  this  is  the  first  drug  considered  in  this  book  where  such 
assay  is  used,  a  few  words  explanatory  of  sucn  assays  may  be  of  service.  Physi- 
ologic assays  are  those  in  which  the  activity  of  the  drug  is  tested  upon  animals,  and 
in  each  case  where  employed  the  method  of  procedure  varies  with  the  drug  under 
consideration.  Thus,  digitalis  is  usually  tried  on  frogs,  the  amount  necessary  to 
stop  the  heart  being  taken  as  the  factor.  Ergot  is  given  to  roosters,  the  quantity 
needed  to  produce  a  certain  purple  tint  of  the  comb  being  the  gage  of  activity.  Of 
course,  the  tests  are  far  more  complex  than  this  scant  explanation  implies,  tor  ex- 
ample, other  factors,  such  as  wei^nt  of  animal,  enter  into  the  calculation  leading 
to  standardization.  In  fact,  physiologic  testing  is  beyond  the  scope  of  the  average 
pharmaceutic  chemist,  and  for  this  reason,  as  well  as  the  fact  that  the  process  is  not 
on  the  same  basis  of  exactness  as  are  chemical  assays,  the  present  pharmacopoeia, 
while  it  provides  physiologic  assays  (see  Part  V),  does  not  make  them  compulsory. 

When  we  turn  to  the  subject  of  the  pharmaceutical  preparations,  we 
find  more  doubts.  As  mentioned  above  it  was  formerly  considered  that  the 
heart  tonic  effect  was  due  to  digitalin,  which  was  found  in  larger  amounts 
in  the  tincture  than  in  the  infusion;  while  the  diuretic  action  was  due  to 
digitonin,  which  was  exhibited  in  the  best  form  in  the  infusion.  At 
present,  however,  there  are  serious  doubts  as  whether  there  is  any  mate- 
rial difference  in  the  action  of  the  tincture  ©.nd  the  infusion.  Digitalis  is  a 
constituent  of  the  official  infusion  (p.  217);  tincture  (p.  226),  and  fluid- 
extract  (p.  244). 

Medical  Properties, — A  "cardiac  tonic,"  that  is,  it  slows  and 
strengthens  the  heart-beat  and  constricts  the  blood-vessels.  Of  peculiar 
value  in  dropsy  because  of  its  diuretic  action. 

Dose, — 6  milligrammes  (1  grain). 

Lappa  (U.S.P.  VIII;  N.F.  IV)  or  burdock  root  is  the  dried  root  of  Ardium  Lapva 
Linn^,  or  of  other  species  of  Arctium  (Fam.  ComposiUs),  collected  from  plants  of  the 
first  year's  growth.  It  is  supposed  to  contain  a  gtucoside,  of  which  but  little  is  known, 
also  mucilage  and  inulin.  Note  that  the  roots  of  plants  of  the  natural  odor  Com- 
positse  usually  contain  inulin  ^p.  633)  instead  of  starch.  The  phrase  '^from  plants  of 
the  first  year's  growth"  employed  above  means  that  the  plant,  like  digitalis,  is  a 
biennial  and  that  the  root  is  collected  in  the  fall  of  the  first  year,  when  filled  with  the 
inulin,  destined  to  serve  as  nourishment  for  the  young  shoots  of  the  second  year. 
Lappa  is  used  as  a  purgative  in  30-grain  doses. 

JALAPA— Jalap 
(Jalap.) 

The  dried  tuberous  root  of  Exogonium  Purga  (Wenderoth)  Bentham  (Fam. 
ConvoUndacece),  yielding  not  less  than  7  per  cent,  of  the  total  resins  of  Jalap. 

OvUine  of  Assay. — Percolate  the  drug  with  alcohol;  mix  the  percolate  with 
chloroform  and  then  with  water,  separate  the  chloroform  layer  and  shake  out  with 
another  portion  of  chloroform.  Evaporate  the  chloroform  extract  and  weigh.  For 
details  see  U.S.P.,  p.  230. 

Constituents — Resin,  consisting  chiefly  of  two  glucosides,  ^alapin  (ether 
soluble)  and  canvolvtdin  (insoluble  in  ether) ;  sugar ^  starchy  etc. 

Power  and  Rogerson  have  found  that  resin  of  jalap  contains  fatty  acids,  a 
phytosterol  CS7H40O,  cetyl  alcohol,  a  body  CisHmO,  a  glucoside  ipur^anol  CsiHssOs 
(OH) 3,  methyl  esculetin,  and  convolvulinic  acid,  CibHioO|.  The  glucosidcs  mentioned 
above  are  combinations  of  the  substances  just  stated.  Votocek.  on  the  otheY  hand, 
claims  that  convolvulin  is  a  glucoside  hydrolysing  to  methyl-etnyl  acetic  acid,  con- 
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volvulic  acid  and  purginic  acid.  Convolvulic  acid,  in  turn  hydrolyzes  to  convolyulolic 
acid,  dextrose,  rhodeose  and  rhamnose:  while  purginic  acid  is  supposed  to  split  into 
decylenic  acid  hydroxy lauric  acid  ana  iso-rhodeose.  Before  such  conflicting  views, 
the  average  student  can  only  stand  in  awe. 

Remarks. — ^Jalap  is  a  tuberous  root,  similar  to  the  sweet  potato, 
and  belonging  to  the  same  family — the  convolvulus,  or  morning-glory 
family.  In  the  former  pharmacopoeia  it  was  directed  that  jalap  should 
jdeld  no  more  than  1.05  per  cent,  of  ether-soluble  resin  (jalapin)  and  not 
less  than  5.95  of  ether-insoluble  resin  (convolvulin) — that  is,  while  the 
drug  must  yield  not  less  than  7  per  cent,  total  resin,  the  amoimt  of  ether- 
soluble  resin  should  not  be  not  more  than  1.05  per  cent.  This  requirement 
was  made  because  jalapin  is  nauseating,  and  it  has  been  recommended 
that  jalap  be  used  only  after  the  jalapin  has  been  removed  by  percolation 
with  ether. 

Medical  Propcrttea.— Hydragogue  cathartic,  that  is,  a  drug  producing 
watery  stools.  It  is  administered  as  resin  (p.  282),  which  is  a  constituent 
of  compound  cathartic  pills  (p.  312),  and  as  compound  powder  of  jalap 
(p.  293),  the  cream  of  tartar  wh^ch  the  latter  contains  greatly  aiding 
the  action  of  the  jalap. 

Dose, — 1  gramme  (15  grains). 

SCAMMONU  RADIX— Scammony  Root 

(Scam.   Rad.) 

The  dried  root  of  ConvolvtUus  Scammonia  Linn^  (Fam.  ConvoUndacecB)^  yielding 
not  less  than  8  per  cent,  of  the  total  resins  of  Scammony  Boot. 

Constituents. — Resin,  gum,  etc. 

Remarks. — While  scammony  resin  was  official  in  the  last  pharmacop- 
oeia, in  the  present  (ninth)  revision,  the  root  is  given  recognition.    This  • 
must  contain  nat  less  than  8  per  cent,  of  resin.    This  resin,  is  chiefly 
scammonin  which  is  identical  with  the  jalapin  from  Orizaba  jalap  (7po- 
mcsa  orizabensis),  but  is  not  the  same  as  the  jalapin  from  official  jalap. 

Medical  Properties, — Hydragogue  cathartic.  The  resin  (p.  283)  is 
official,  and  this  a  constituent  of  compound  extract  of  colocynth  (p.  275). 

Dose, — 250  milligrammes  (4  grains). 

COLOCYNTHIS— Colocynth 
(Colocyn. — Colocynth  Pulp.    Bitter  Apple — Colocynth  Apple) 

The  dried  pulp  of  the  fruit  of  CitruUua  ColocytUhia  (IAnn6)  Schrader  (Fam.  Ctumr" 
bitacea),  without  admixture  of  more  than  5  per  cent,  of  seeds  nor  more  than  2  per  cent, 
of  epicarp. 

ConstUuenls, — Two  purgative  resins,  cUruUoly  CnHseOjCOH)^  (inactive); 
hentriacontane,  C8iH64,  a  pkytosterol,  C97H4tO. 

Remarks. — The  colocynth  pulp  now  official  is  practically  the  colocynth 
apple  of  the  former  pharmacopoeia,  except  for  the  fact  that  the  percentage 
of  seed  and  of  epicarp  (or  rind)  is  carefiUly  specified.  It  moreover  should 
not  yield  more  than  15  per  cent,  of  ash. 

Medical  Properties. — Hydragogue  cathartic.  Official  preparations, 
extract  and  compound  extract  (p.  275). 

Dose, — 60  milligramme8(  1  grain). 
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UVA  URSI— Uva  Ursi 

(Bearberry) 

The  dried  leaves  of  Arctosiaphylaa  Uva-ursi  (Linn6)  Sprengel  (Fam.  Ericaceos)^ 
without  the  presence  or  admixture  of  more  than  5  per  cent,  of  stems  or  other  foreign 
matter. 

Constituents. — Arbviinf  a  glucoside  (originally  called  ursin),  ericolin, 
a  glucoside;  ursone,  tannic  and  gallic  acids,  gum,  etc.  .  Arbutin  is  of  in- 
terest since  it  has  been  made  synthetically  from  its  hydrolysis  products. 
(See  p.  640.) 

Remarks, — ^It  might  be  metioned  in  passing  that  the  Greek  name 
of  the  plant  (arctostaphylus),  and  the  Latin  (and  specific)  name  (uva 
ursi)  both  mean  the  same  thing;  namely,  bearberry,  which  is  the  English 
synonym. 

Medical  Properties. — Astringent  diuretic;  antiseptic  to  the  urinary 
passages.    The  fluidextract  (p.  245)  is  official. 

Dose. — 2  grammes  (30  grains). 

Chimaphila  (U.S.?.  VIII;  N.F.  IV)  or  pipsissewa  is  the  dried  leaves  of  Chimaphila 
umbelUUa  (JAime)  Nuttall  (Fam.  EricaceoB),  It  contains  chimaphilin,  Ct4Hti04  and 
another  glucoside^  CioHtO.  These  two  bodies  are  not  clearly  known,  but  it  may  be 
stated  that  the  constituents  of  the  drug  are  very  similar  to  uva  ursi.  It  is  used  like 
the  latter  drug  in  30-grain  doses. 

Quillaia  (U.S.?.  VIII;  N.F.  IV)  or  Soap-hark  is  the  dried  bark  of  QuUUna  Saponaria 
Mohna  (Fam.  RoaacecB,  deprived  of  the  periderm.  It  is  the  first  of  the  ''saponinoid" 
drugs  to  be  considerea — drues  containmg  saponin,  an  acrid  principle  which  froths 
in  water  like  soapsuds.  All  liquid  preparations  of  such  drugs  froth  when  agitated. 
Soap-bark  is  iised  more  for  washmg  colored  silk  (white  fabrics  are  stained  brown  yellow 
by  its  decoctions)  thsm  for  pharmaceutic  purposes.  It  is,  however,  used  in  making 
emulsions,  for  which  it  would  be  excellent  were  it  not  dangerous  on  account  of  its 
irritating  properties. 

''Gum  foam''  tised  in  soda  water  S3rrups  is  a  preparation  of  soap-bark.  The  use 
of  it  and  similar  saponin  preparations  in  beverages  is  now  prohibited. 

Ground  soap-bark  should  be  handled  with  care,  as  its  dust  is  very  irritating  to  the 
nostrils,  producing  violent  sneezing.     Such  drugs  are  said  to  be  sternutatory. 

SARSAPASILLA— Sarsaparilla 

(Sarsap.) 

The  dried  root  of  Smilax  mediea  Chamisso  and  Schlechtendal,  known  in  commerce 
as  Mexican  Sarsaparilla;  or  Smilax  officinalis  Kunth,  or  an  undetermined  species  of 
SmilaXf  known  in  commerce  as  Honduras  Sarsaparilla;  or  Smilax  omata  Hooker  filius, 
known  in  commerce  as  Jamaica  Sarsaparilla  (Fam.  Liliacece). 

Constituents. — PariUin  (a  glucoside  similar  to  saponin,  originally  called 
pariglin;  saponin;  sarsasaponin;  starch,  calcium  oxalate  in  the  form  of 
raphides,  etc. 

According  to  Power  and  Salway,  Jamaica  sarsaparilla  contains  sarsasaponin  C44H78- 
OsoTHjO  and  sitosterol  glycoside  CssHieOc  They  consider  parillin  as  a  mixture  of 
saponin  and  ia  phytosterolin. 

Medical  Properties. — Sarsaparilla  is  a  drug  whose  reputation  is  chiefly 
false.  It  is  vaimted  to  the  skies  by  the  numerous  patent  medicine  men 
as  the  greatest  of  all  blood  purifiers,  yet  cold,  calm  analysis  shows  it  to 
have  but  little  merit.  It  contains  saponinoid  principles  which  cause 
it  to  froth,  and  possibly  a  trace  of  volatile  oil,  but  neither  of  these  can  be 
regarded  as  great  alteratives,  and  we  are  forced  to  the  conclusion  that  its 
reputation  1ms  been  gained  by  its  association  with  other  valuable  altera- 
tives.   It  is  rarely  prescribed  by  itself,  its  only  simple  official  preparation 
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being  the  fluidextract  (p.  244),  while  its  popular  preparations  are  the  com- 
pound sjrrup  (p.  199)  and  compound  fluidextract  (p.  247),  which  contain 
such  alteratives  as  guaiacum  and  mezereum,  and,  moreover,  these  prepa- 
rations are  usually  prescribed  with  potassium  iodide. 
Dose. — 2  grammes  (30  grains). 

SENEGA— Senega 
(Seneg. — Seneca  Snakeroot — Senega  Snakeroot) 

The  dried  roots  of  Polygala  Senega  (Linn6  (Fam.  PolygalacecB)^  without  the 
presence  or  admixture  of  more  than  5  per  cent,  of  stems  and  other  foreign  matter. 

Constituents. — Senegin  or  polygalic  cudd  (a  form  of  saponin) ;  an  acid 
also  called  polygalic  acid;  trace  of  volatile  oil,  pectin,  etc.  No  starch 
nor  tannin. 

JBe7warfc«.T-The  pectin  of  senega  is  a  source  of  annoyance  in  the 
pharmaceutic  preparations  of  the  drug,  these  gelatinizing  or  becoming 
cloudy  on  standing,  due  to  conversion  of  the  pectin  into  the  insoluble 
calcium  pectate.  This  decomposition  is  prevented  by  the  addition 
of  aJkaU;  hence  the  official  senega  preparations  contain  ammonia  water. 

Medical  Properties. — Expectorant,  nauseant.     Emetic  in  large  doses. 

Official  Preparations. — Fluidextract  (p.  248),  and  from  this  the  syrup 
(p.  200)  and  compound  syrup  of  squill  (p.  200)  are  made. 

Dose. — 1  gramme  (16  grains). 

BIBLIOGRAPHY 

Gltico8ide«.— (Classification)  Rosenthaler,  A.Ph.A.,  56,  1908,  402.  (Syntheses) 
Lenz,  Ap.  Zt.,  29.,  1914,  128. 

Hydrolysis  ^  Glucosides. — (Amygdalin)  Caldwell  and  Courtauld,  Jl.  Ch.  Soc- 
91,  1907,  666;  Fischer,  B.,  28,  1896,  1508;  Schimmel,  A.Ph.A.,  58,  1910,  377;  Feist, 
Arch.  d.  Pharm,,  246,  1908,  206;  Herissey,  Arch.  d.  Pharm..  245,  1907,  463;  Walker 
and  Erieble,  Jl.  Ch.  Soc.,  95,  1909,  1369;  Rosenthaler,  Arch.  d.  Pharm.,  248,  1910, 
534.  (Arbutin).  Hlasiwetz  and  Habermann,  A.Ph.A.,  23,  1875,  440;  Stoeder, 
Jl.  Soc.  Ch.  Ind.,  6,  1887,  676.  (Digitalin)  Kiliani,  B.,  31,  1898,  2461  and  Arch.  d. 
Pharm^  252,  1914,  26;  Kfliani  and  Bazlen,  Arch.  d.  Pharm.,  232,  1894,  334.  (Digi- 
tonin)  Kiliani,  B.,  23,  1890,  1555  and  24,  1891,  339.  (Digitoxin)  Kiliam^  B..  31, 1898, 
2457.  fGentiopicrin)  Tanret,  Comp.  rend.,  141,  1905.  207.  (Glycyrrhizin)  Tschirch 
and  Ceaerberg,  Arch.  d.  Pharm.,  245,  1907,  97.  (Ipuranol)  Power  and  Salway, 
Jl.  Ch.  Soc.,  103,  1913,  399.  (Myronic  acid)  Gadamer,  Arch.  d.  Pharm.,  235,  1897, 
44.  (Salicin)  Fyria,  A.,  56,  1845,  37;  Hudson  and  Paine,  Jl.  Am.  Ch.  Soc,  31,  1909, 
1242.  (Strophanthm)  Feist,  Ap.  Zt.,  15,  1900,  469.  (Chiratin)  Fltickiger  and 
H6hn,  Ph.  Jl..  [3],  1,  1870,  106.  (Colocynthin)  Henke,  Arch.  d.  Pharm.,  221,  1883, 
200.  (Convallarin  and  convallamarin)  Walz,  A.J.P.,  31,  1859,  577.  (Ericolin) 
Thai.,  A.J.P.  55,  1883,  468.  (PariUin)  Flttckiger,  Arch.  d.  Pharm.,  210,  1877,  532. 
(Scammonin)  Khmenko  and  Raudalin,  B.,  26,  1893,  R  591;  Poleck,  Arch.  d.  Pharm., 
232,  1894,  315. 

5ap<min«.— Kobert,  Jl.  Ch.  Soc.,  64,  1893,  424  and  Ph.  Jl.,  86, 1911, 245  and  293; 
Van  der  Haar,  Arch.  d.  Pharm.,  251.  1913,  217. 

Glycyrrhiza. — (Constituents)  Tscnirch  and  Cederberg,  Arch.  d.  Pharm.,  245, 
1907,  97;  Tschirch  and  Gauchmann,  Arch.  d.  Pharm.,  246,  1908,  545. 

Ammonialcd  Glycyrrhizin. — (Manufacture)  Roussin,  A.J.P.,  40,  1876,  371;  Ap- 
penzeller,  A.Ph.A.,  26,  1878,  613.     (Uses)  Anon.,  Ch.  and  Dr.,  26,  1884,  158. 

Genlian. — (Constituents)  Leconte,  A.J.P.,  9,  1837,  333;  Ludwig  and  Kromeyer. 
Dr.  Circ.,  7.  1863,  91;  Hlasiwetz  and  Habermann,  A.,  175,  1875,  62;  Kostanecki  and 
Tambour,  B.,  27,  1894,  R,  190;  Tremann  and  Mueller,  B.,  14,  1881,  1988;  Hemmel- 
mayr.  C.  A.,  3.  1909,  2687. 

GlycerinaUd  Elixir  o/ Gcn/ian.— Cliffe,  A.J. P.,  70,  1898,  201. 

CAtrato.— (Constituents)  Fliickiger  and  Hdhn,  Ph.  Jl.,  [3],  1,  1870,  106.  (Prop- 
erties) Anon.,  A.J.P.,  12,  1840,  20. 

5aZtc»n.— (Extraction)  Peschier,  A.J.P.,  2,  1830,  337. 


650  PRINCIPLES   OF   PHARMACY 

SciUdlaria, — (Ck)nstituents)  Myers  and  Gillespie,  A.J.P.,  61,  1889,  555;  Molisch 
and  Goldschmidt,  A.Ph.A.,  60,  1902,  1066. 

Sa#ron.— (History)  Clarke,  Ph.  Jl.,  [3),  17,  1887,  1032.  (Cultivation)  Anon., 
A.Ph.A.,  23,  1876,  136.  (Constituents)  Pfyl  and  Schertz,  A.Ph.A.,  67.  1909,  157; 
Martini,  Bull.  Soc.  Pharm.  Bordeaux,  64,  1914,  136;  Decker,  Arch.  d.  Pharm.,  262, 
1914.  139. 

CofwaUaria. — (History)  Lloyd,  Midland  Dr.,  45,  1911, 175.  (Constituents)  Walz, 
A.J.P.,  31,  1859,  577;  Reichard.  A.Ph.A..  69,  1911,  604. 

Strophanthu8.—(EjBtoTy)  Ldoyd,  Bull.  Pharm.,  36,  1911,  242.  (Constituents) 
Fraser,  Ph.  Jl.,  [3],  20,  1889,  328  and  336;  Heiduschka  and  Wallenreuter,  Arch.  d. 
Pharm.,  262,  1914,  704. 

Strophanthin, — (Brauns  and  Cloason,  Jl.  A.Ph.A.,  2,  1913,  604  and  715. 

5^itt.— (History)  Sharp,  Ph.  Jl.,  84,  1910,  136  and  170.  (Constituents)  Kopac- 
aewski,  Ap.  Zt.,  29,  1914,  847;  Riche  and  R^mont,  A.J.P.,  52,  1880,  650. 

Dtoito/M.— (History)  X-Rayser  II,  Ch.  and  Dr.,  77,  1910,  860.  (Constituents) 
Kiliani,  B.,  23,  1890,  1666;  B.,  24,  1891,  339;  Arch.  d.  Pharm.,  234,  1896,  481;  and  B., 
31,  1898,  2454;  Finnemore,  Ph.  Jl.,  86,  1911,  489;  Wood,  A.J.P.,  80,  1908.  107;  Kraft, 
Arch.  d.  Pharm.,  250,  1912,  118.  (Standardization)  Hale,  Pract.  Dr.,  29,  1911,  41; 
Wood,  A.J.P.,  82, 1910, 101;  Hatcher  and  Brodie,  A.J.P.,  82,  1910,  360.  (Properties) 
Hatcher,  A.J.P.,  57,  1914,  617  and  607. 

Lappa, — (Constituents)  Wechler,  A.J.P.,  69,  1887,  393;  Hendershott,  A.Ph.A., 
36,  1888,  344. 

Jalap. — (Constituents)  Power  and  Rogerson,  Jl.  Am.  Ch.  Soc.,  32,  1910,  80, 
Votocek,  B.,  43,  1910,  476. 

Scammony. — ^Constituents)  Poleck,  A.J. P.,  64,  1892,  465. 

ColocmUh. — (Constituents)  Power  and  Moore,  Jl.  Ch.  Soc.,  97,  1910,  99.  (Proper- 
ties) Sechler,  Am.  Dr.,  57,  1910,  336. 

Uva  ursi. — (Constituents)  Meissner,  A.J.P.,  2,  1831,  339;  Kawalier,  A.J.P., 
25,  1853;  68;  Hughes,  A.J.P.,  19,  1847,  88;  Jungmann,  A.J.P.,  43,  1871,  202;  Tromms- 
dorflf,  A.J.P.,  27,  1855,  334;  Thai,  A.J.P.,  65,  1883,  468:  Lewin,  Ph.  Jl.,  f31,  14,  1883, 
490.  (Arbutin)  Bayliss,  Jl.  Physiology,  43, 1911,  455;  Mannich,  Arch.  d.  Pharm.,  250, 
1912,  547. 

Chimapkila, — (Constituents)  Beshore,  A.J.P.,  69,  1887,  125;  Peacock,  A.J,P., 
64,  1892,  295. 

QuiOaja.— (Constituents)  Harry  and  Boutron-Charlard,  A.J.P.,  12,  1840,  209; 
Bolley,  A.J.P.,  27,  1853,  43;  Robert,  Am.  Dr.,  17,  1888,  72.  (Use  in  drinks)  Ladd, 
Dr.  Circ.,  59,  1915.  346;  White,  Pure  Food  Jl..  10,  1916,  689. 

iSar«aporttta.— (Constituents)  Palotta,  Jl.  d.  Ph.,  10,  1824,  543;  Flttckiger,  Ph. 
Jl.,  [3],  8,  1877,  488;  Kobert,  A.J.P.,  64,  1892,  466;  Power  and  Salway,  Jl.  Ch.  Soc., 
105,  1914,  201. 

Senega. — (Constituents)  Quevenne,  Jl.  d.  Ph.,  22.  1836,  449:  Procter,  A.Ph.A., 
8,  1859,  297;  Bolley,  A.J.P.,  27,  1855,  43;  Rosenthaler,  B.  ph.  Ges.,  22,  1912,  261 
(Gelatinization  of  preparations)  Kennedy,  A.J.P.,  27,  1879 
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CHAPTER   XLI 

DERIVATIVES   OF   THE   HIGHER   HTDROCARBONS 

FATS,  SOAPS,  AND  WAXES 

As  already  mentioned,  chain  hydrocarbons  containing  more  than 
six  carbon  atoms  are  known.  Thus  we  have  heptane,  C7H1S;  octane, 
CgHis;  nonane,  C9H20;  decane,  CioHss^  and  likewise  the  bodies  CuH24» 
C12H16,  and  so  on  to  CeoHiss*  None  of  the  bodies  just  mentioned  is  of 
interest  in  pharmacy,  save  that  petroleum  contains  variable  amounts 
of  almost  all  members  of  the  series. 

Of  pharmaceutic  value,  however,  are  the  derivatives  of  CieHsi,  CisHss 
C27H66}  C8oH62,  and  of  the  unsaturated  hydrobarbon,  CigHse- 

Hexadecane,  Ci6Hs4}  yields  a  series  of  alcohols  having  the  formula 
CiflHssOH.  One  of  these  hexadecyl  alcohols  is  known  as  cetyl  alcohol  or 
cBthcd,  and  is  interesting  as  the  alcoholic  part  of  the  ester  which  is  the 
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chief  constituent  of  spermaceti.  Cetyl  alcohol  yields  on  oxidation 
palmitic  add,  CisHsiCOOH,  which  is  the  common  constituent  of  fats 
and  waxes.  Thus  the  cetin,  mentioned  above  as  the  chief  constituent 
of  spermaceti,  is  the  ester,  cetyl  palmitate. 

Likewise  the  palmitate  of  glyceryl,  commonly  known  as  palmitin,  is 
a  common  constituent  of  fats. 

ACIDDM  STEARICUM— Stearic  Acid 

(Acid  Stear.) 

An  acid  obtained  from  tallow  and  other  fats  consisting  chiefly  of  CigHaeOs  or 
CnHseCOOH  (284.29). 

Summarized  Description, 

Hard  white  or  yellowish-white,  somewhat  glossy,  solid;  odorless  or  faint  tallow 
odor;  soluble  in  about  17  parts  of  alcohol;  insoluble  m  water;  soluble  in  chloroform, 
ether,  carbon  disulphide  or  carbon  tetrachloride;  melts  at  not  lower  than  56^C. 
and  congeals  at  not  lower  than  54**;  ash,  not  more  than  0.1  per  cent.  For  details 
see  U.S.P.,  p.  23. 

For  teats  for  iderUUy  and  for  impurities:  Undecomposed  fat  or  paraffin  (hot  solu- 
tion in  sodium  carbonate  solution  not  more  than  opalescent). 

Mineral  acids  (hot  aqueous  extract  not  reddened  by  methyl  orange),  see  U.S. P., 
p.  24  and  also  Part  V  of  tnis  book. 

Remarks, — Stearic  acid  is  one  of  the  monobasic  acids  from  CigHss* 
It  is  a  white,  waxy  solid,  insoluble  in  water,  melting  at  70°C.  when 
pure.  The  commercial  acid,  however,  has  a  much  lower  melting  point. 
Its  commercial  soiirce  is  from  solid  fats,  such  as  tallow  and  suet,  which, 
on  treatment  with  superheated  steam,  jdeld  glycerin  and  stearic  acid. 
Hence  most  commercial  stearic  acid  is  a  side-product  in  glycerin 
manufacture. 

Tallow  and  suet  are  composed  chiefly  of  stearin  or  the  stearic  acid 
ester  of  glycerin,  and  this,  like  all  esters,  can  be  easily  decomposed  by 
treatment  with  an  alkali  or  with  superheated  steam  by  the  following 
reaction. : 

C8H6(C,8HasO,)s     +    3H80     =     C,H5(0H),     +     3HCi8H„0,. 

Steam 

At  present,  however,  considerable  stearic  acid  is  made  by  the  reduc- 
tion or  "hydrogenation"  of  oleic  acid.     (See  p.  652.) 

Stearic  acid  is  official  because  it  enters  into  the  manufacture  of 
glycerin  suppositories,  a  very  small  quantity  of  stearic  acid  soap  being 
ample  to  solidify  a  large  quantity  of  glycerin. 

Thus  in  the  U.S.P.  recipe  30  grammes  of  glycerin  are  solidified  by 
heating  with  2  grammes  of  stearic  acid  and  0.5  gramme  of  monohydrated 
sodium  carbonate,  the  products  of  the  reaction  being  glyceryl  stearate 
and  sodium  stearate. 

Margaric  acid  is  a  name  applied  to  pearly  scales  isolated  from  some  fats  by 
Chevreul.  Its  analysis  shows  the  formula  CieHsaCOOH.  There  has  been  consider- 
able controversy  as  to  whether  this  acid  really  exists  or  whether  it  is  merely  a  mixture 
of  palmitic  and  stearic  acid. 

ACmUM  OLEICUM— Oleic  Acid 
(Add.  Oleic.) 

An  acid  obtained  from  fats  consisting  chiefly  of  CisHmOi  or  C17H13COOH  (282.27). 
Preserve  it  in  well-closed  glass  or  stoneware  containers,  in  a  cool  place. 

Summarized  Description, 

Yellowish  or  brownish-yellow  oily  liquid;  peculiar  lard-like  odor  and  taste;  free 
from  rancidity;  insoluble  in  water;  partly  soluble  ip  60  per  cent,  alcohol;  soluble  in 
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alcohol,  chloroform,  benzene,  petroleum  benzin  and  in  fixed  and.  volatile  oik;  sp.n". 
0.896;  congeals  at  about  4®C.;  decomposes  at  about  96®C.  For  details  see  U.S. P., 
p.  20. 

For  impurities:  (Undecomposed  fats,  mineral  oil,  mineral  acids)  see  stearic  acid. 

Remarks. — Oleic  acid  is  obtained  from  oils  by  treating  same  with 
superheated  steam  in  the  process  of  glycerin  manufacture.  For  making 
oleates,  one  should  employ  a  very  pure  form  of  oleic  acid  made  by  treat- 
ing a  solution  of  castile  soap  with  diluted  sulphuric  acid. 

Oleic  acid  is  the  product  of  unsaturated  hydrocarbon  CieHse,  and, 
as  can  be  noticed,  it  represents  stearic  acid  minus  two  atoms  of  hydrogen. 

The  best  comparison  of  this  body  with  stearic  acid  and  with  other  similar  acids 
can  be  made  by  representing  the  structural  formulas  side  by  side: 

« 

Stbaric  Oleic  Elaidic  Linoleic  Ricinoleic 

Acn>.  Acid.  Acid.  Acid.  Acid. 

(Schematic). 
GHs  0H|  GHs  CHs  GH| 

(<bH,)„  (CHOt  (CH,),  (CH,).  (OH.), 

cooh.  ch  hc  ch  choh 

Sb  L  L  Ah. 

(CHs):  CCH,)t  CH,  .  CH 

COOH.  COOH  CH  CH 

CH  (CH,)7 


(CHOt  COOH. 


J 


OOH. 

Oleic  acid  is  a  yellow  or  yellowish-brown,  oily  liquid,  not  affecting 
litmus-paper,  and  soUdifying  at  4®C. 

On  treatment  with  a  large  quantity  of  alcoholic  potassium  hy- 
droxide it  breaks  into  palmitic  and  oxalic  acids,  strong  heat  with  nitric 
acid  breaking  it  up  into  a  number  of  simpler  bodies;  on  the  other  hand, 
gentle  heat  with  nitric  acid  converts  it  into  the  isomeric  yellow  solid 
elaidic  acidy  the  graphic  formula  of  which  is  given  above.  By  treating 
oleic  acid  (or  oleates)  with  hydrogen  in  the  presence  of  a  cataljrtic  agent, 
like  finely  divided  metallic  nickel,  solid  stearic  acid  (or  stearates)  are 
formed. 

Oleic  acid  is  the  chief  constituent  of  liquid  fats  or  oils  in  the  form 
of  the  glycerin  ester  oZetn. 

The  oleic  acid  solutions  of  metallic  oxides  or  alkaloids  form  the 
pharmaceutic  class,  oleates  (p.  214). 

Linoleic  acid,  CnHsiCOOH,  differs  from  oleic  acid  by  possessing  two  atoms  of 
hydrogen  less.^  It  is,  therefore,  more  unsaturated  than  oleic  acid.  In  the  form  of 
glycerin  ester  it  is  the  chief  constituent  of  linseed  oil,  the  drying  properties  of  which 
render  it  so  valuable  in  paint.  Most  oils  spread  on  wood  are  absorbed  by  the  fibers, 
leaving  a  permanent  greasy  stain;  with  hnseed  oil^  on  the  other  hand,  the  stain 
gradually  becomes  resinous,  due  to  the  oxidation  of  Imolein  into  the  product  linoxyn. 
y^Ty  similar  to  it  are  the  other  acids  of  linseed  oil,  linolenic  acid  and  isolinolenic  acid. 
In  fact,  there  still  wages  a  controversy  as  to  whether  the  last  two  are  not  merely 
impure  forms  of  linoleic  acid. 

Ricinoleic  acid,  CnHitOHCOOH,  represents  oleic  acid^  in  which  one  hydrogen 
has  been  replaced  by  a  hydroxyl  group.  It,  in  the  form  of  glycerin  compound^  is 
the  chief  constituent  of  castor  oil.  lucinoleic  acid  forms  a  chemical  combination 
with  sulphuric  acid,  and  the  product  which  is  generally  obtained  by  direct  treatment 
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of  castor  oil  with  sulphuric  acid  forms  with  potassa  a  jelly-like  liquid  which,  on  account 
of  its  excellent  solvent  powers,  has  been  called  "polysolve."  It  dissolves  a  variety 
of  substances,  as  metallic  salts,  eums,_resin8,  solid  extracts,  iodoform,  and  chrysarobin. 
A  variety  of  polysolve  has  been  introduced  into  American  pharmacy  under  the 
name  oJette,  as  a  vehicle  for  the  external  application  of  a  variety  of  medicines. 


Other  fat  and  wax  acids  are : 


Pbtrosblenic 
Acid. 

CH, 


(CH  j)  10 

CH 

il 
CH 

(CH»)« 

COOH 


juniperic 
Acid. 

CH»OH 

(CHOu 

I 
COOH 


Thapsic 
Acid. 

COOH 


(CH,) 

I 
COOH 


Laubinic 
Acid. 

CHs 


14 


(CH,) 

I 


Sabinic 
Acid. 

CHjOH 


10 


(CH,) 

I 


10 


COOH         COOH 


OILS  AND  FATS 


An  oil  is  any  liquid  which  greases — which  leaves,  when  dropped 
on  cloth,  a  stain  which  water  will  not  wash  out,  a  stain  which  makes 
paper  translucent.  If  a  solid  substance  exhibits  similar  properties,  it 
is  called  a  fat.  Oils  are  called  voUUile  or  fixed,  according  as  this  stain 
disappears  on  warming  or  is  permanent  by  reason  of  the  non- volatility 
of  the  oil — characters  clearly  defined  by  the  names  given  the  two  groups. 

All  fixed  oils  and  fats  are  combinations  of  glycerin  with  oleic,  stearic, 
palmitic,  or  analogous  acids — are  glycerin  esters  of  these  acids. 

As  already  learned  (p.  572),  alcohols  react  with  acids,  just  as  do  the 
inorganic  basic  hydroxides,  and  such  products  of  alcohols  called  esters 
are  analogous  to  the  inorganic  salts.  Among  examples  of  such  ester 
formation  already  cited  were: 

CtHsOH     +    HNO,        =     HaO     +    CjHsNOj        Ethyl  nitrite. 
CiHbOH     -h    HCaHjOa   «     HsO     +    C^HsCiHiOs  Ethyl  acetate. 

Similarly,  glycerin  reacts  with  acids  forming  esters.  Thus,  one  mole- 
cule of  glycerin,  C8H6(OH)8,  reacts  with  three  molecules  of  oleic  acid, 
HC18H88O2,  as  shown  graphically  below: 

OH  HCisHmGi  /^  1  I  CisHjsOi 

?TB     4-     SCiaHssO,      «     3H,0     +    I     H  CuHmO, 


CH 


m 


HO18I133O2 


CH 


.CisHisOt 


or  C8H6(Ci8H8802)8,  glyceryl  oleate  or  olein. 

Similarly,  glycerin  reacts  with  stearic  acid,  HC18H86O2: 


CH 


i  OH  HCigHgsOs 

?TB  SCiaHaaO, 


3H,0     -I- 


CH 


CisHjjGi 
CisHsjOi 
.CisHssOi 


or  C8H6(Ci8H8b02)8,  glyceryl  stearate  or  stearin. 

Combinations  of  varying  proportions  of  glyceryl  oleate  (olein), 
glyceryl  palmitate  (palmitin),  and  glyceryl  stearate  (stearin)  form  the 
fixed  oils  and  fats.  The  larger  the  proportion  of  olein,  the  more  liquid 
is  the  fatty  substance,  oils  like  that  from  olives  being  largely  olein. 
As  the  amount  of  stearin  increases  the  more  solid  the  fatty  substance 
becomes,  until,  in  tallow,  there  are  little  olein  and  much  stearin. 
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Fats  are  now  being  called  lipins  and  similar  substances  are  denominated  lijknda, 
Rosenboom  and  Gies  have  devised  a  scientific  classification  of  these  bodies.  The  first 
group  consists  of  the  true  lipins,  including  what  we  call  fatty  acids,  fats,  oils,  waxes 
and  soap ;  the  lipoids  which  are  far  more  numerous  and  more  complicated  in  structure, 
are  classified  as  proteo-lipins,  glyco-lipins,  phospho-lipins,  sterols,  esterols,  cholates,  etc. 

Fats  and  fatty  oils  and  waxes  are  grouped  by  Allen  as  follows: 

I.  Olive  oil  group:  Non-drying  vegetable  oleins.  Examples,  olive,  almond, 
peanut,  and  mus&rd  oils. 

II.  Cotton  seed  oil  group:  Intermediate  between  I.  and  III.;  hence  adulterants  of 
both.    Exajnples:  Cotton  seed,  rape  seed,  beechnut^  and  sesame  oils. 

III.  Linseed  oil  (^oup:  Containing  linoleic  acid,  hence  drying  oils,  becoming 
resinous  on  boiling  with  htharge.    Examples:  Linseed  oil  and  a  few  others. 

IV.  Castor  oil  group:  Containing  ricmoleic  and  other  acids.  Examples:  Castor, 
croton,  and  Japan  wood  oils. 

V.  Palm  ou  group:  Semisolid  fats.  Examples:  Palm,  theobroma,  and  nutmeg 
oils. 

VI.  Coconut  oil  ^up:  Solid  esters  of  lauric  acid  (CnHnCOOH).  EasQy  saponi- 
fied, hence  valuable  m  soap-making.    Example:  Coconut  oil. 

VII.  Lard  oil  group:  Animal  oleins.     Examples:  Lard,  neatsfoot,  and  bone  oils. 

VIII.  Tallow  group:  Solid  animal  fats.  Examples:  Tallow,  lard,  suint,  and 
butter. 

IX.  Whale  oil  group:  Marine  animal  oleins,  mixed  with  glvcerides  of  caproic  and 
valerianic  acids.    Examples:  Whale,  porpoise,  and  cod  liver  oils. 

X.  Sperm  oil  group:  Lic^uid  waxes,  being  esters  of  monatomio  alcohols;  thus, 
sperm  oil  is  the  oleate  ot  lauric  alcohol,  CisHiftOH.  Examples :  Sperm,  bottlenose,  and 
dolphin  'oils. 

XL  Spermaceti  group:  Waxes,  esters  of  higher  monatomic  alcohols.  Examples: 
Spermaceti,  beeswax,  and  Japan  wax. 

OFFICIAL  FIXED  OILS  AND  FATS 

OLEUM  OLIVi&~OUve  OU 
(OL  OUv.) 

A  fixed  oil  obtained  from  the  ripe  fruit  of  Olea  europcBa  Linn4  (Fam.  Oleaeea). 
Preserve  it  in  well-closed  containers,  in  a  cool  place. 

Summarized  Description, 

Pale-yellow  or  greenish-yellow  oily  liouid;  slight  peculiar  odor  and  taste;  slightly 
soluble  in  alcohol;  miscible  with  ether,  chloroform  or  carbon  disulphidej  sp.  gr.  0.910 
to  0.915;  becomes  cloudy  at  8®  to  lO^C.  and  congeals  at  0^  For  details  see  U.S. P., 
p.  298. 

For  tests  far  identity  and  for  impurities:  Cotton  seed  oil  (no  red  color  on  being 
heated  in  a  salt-water  bath  with  a  mixture  of  amyl  alcohol  and  carbon  disulphide 
containing  sulphur). 

Sesame  oil  (no  pink  color  when  shaken  into  hydrochloric  acid  containing  sugar  and 
then  with  water)  see  U.S.P.,  p.  298  and  also  Part  V  of  this  book. 

Sapomfication  Nwnher, — 190  to  195.    Details  in  Part  V. 

loai'ne  Absorption  Number, — ^79  to  90.    Details  in  Part  V. 

CamposUion. — Olein,  67  per  cent.;  palmitin,  28  per  cent.;  linolein, 
6  per  cent. 

Remarks. — Olive  oil  is  obtained  by  expressing  the  ripe  olive,  the  same 
fruit  which,  when  green  and  pickled,  forms  the  familiar  table  relish. 

Formerly  olive  oil  was  largely  adulterated  with  cotton  seed  oil,  but 
two  tests  have  been  devised  whiph  can  unerringly  detect  this  sophistica- 
tion. One  of  these  is  the  Halphen  test,  the  red  tint  produced  when 
cotton  seed  oil  or  its  mixtures  is  digested  with  a  reagent  consisting  of 
solution  of  sulphur  in  amyl  alcohol  and  carbon  disulphide.  The  other 
is  Becchi's  test^  which  is  based  upon  the  blackening  of  an  alcoholic  solu- 
tion of  silver  nitrate  when  it  is  heated  on  a  water-bath  with  cotton  seed 
oil  or  its  mixtiires. 

Thanks  to  these  two  tests  and  to  the  rigid  scrutiny  of  food  officials 
most  of  the  olive  oO  at  present  in  the  American  market  is  pure.    It 
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might  be  well  to  point  out  that  under  food  decision  139^  sweet  oil  means 
olive  oil  only. 

The  last  two  tests  given — the  saponification  number  and  the  iodine 
absorption  number — are  of  great  importance  in  establishing  the  constants 
for  all  fixed  oils. 

As,  however,  a  clear  understanding  of  the  two  tests  implies  a  com- 
prehension of  the  theory  of  volumetric  analysis,  explanation  of  the  tests 
will  be  left  for  the  chapter  on  Pharmaceutic  Testing  (pp.  913-916). 

Medical  Properties. — Laxative  and  emollient,  externally  in  liniments. 

Dose. — 30  nuls  (1  fluidounce). 

OLEXTM  AMYGDALAE  EXPRBSSUM— Expressed  Oil  of  Almond 
(Ol.  Amygd.  Exp. — Oil  of  Sweet  Almond) 

A  fixed  oil  obtained  from  the  kernels  of  varieties  of  Pranus  Amygdaltu  Stokes 
(Fam.  BasacecB).    Preserve  it  in  well-closed  containers,  in  a  cool  place. 

Summarized  Description. 

Clear  pale  straw-colored  oily  liquid;  bland  taste;  slightly  soluble  in  alcohol;  miscible 
with  ether,  chloroform,  benzene  or  petroleum  benzin,  sp.  gr.  0.910  to  0.915.  For 
details  see  U.S.P..  p.  286. 

For  tests  for  identity ,  for  impurities:  Olive  or  lard  oil  (does  not  congeal  until  cooled 
to  — 20^0. ).  Peach  kemd,  apricot  kernel,  sesame  or  cotton  seed  oil  (shaken  with  nitric 
acid  and  water  under  proper  conditions,  aoes  not  turn  red  or  brown).  Paraffin  oil 
(forms  a  soluble  soap  with  sodium  hydroxide  and  alcohol).  Foreign  oils  (this  soap, 
when  dissolved  in  water  and  treated  with  hydrochloric  acid  yields  an  oleic  acid, 
which  remains  clear  at  15^0.).  OUve.  arachis,  cotton  seed,  sesame  and  other  fixed 
oils  (this  oleic  acid  forms  a  clear  alcoholic  solution  even  at  15^0.).    See  U.S.P.,  p.  286. 

Saponification  Number. — 191  to  200.     Details  in  Part  V. 

Iodine  Absorption  Number. — ^93  to  100.     Details  in  Part  V. 

Composition. — Olein,  76  per  cent.,  stearin  and  palmitin. 

Remarks. — ^The  soiu'ces  of  this  oil  will  be  studied  in  other  places. 
Sweet  almond  in  this  chapter  (p.  663)  and  bitter  almond  in  Chapter 
XLIII  (p.  706).  A  large  amount  of  the  commercial  oil  of  sweet  almond 
is,  in  reality,  the  fixed  oil  expressed  from  peach  and  apricot  kernels, 
and  in  the  official  data  given  above  will  be  found  a  test  for  distinguishing 
the  true  oil  from  these  substitutes. 

Medical  Properties. — Demulcent  and  laxative.  Used  in  cold  cream 
(p.  331),  and  emulsion  of  oil  of  turpentine  (p.  263). 

OLEUM  SESAMI— Sesame  Oil 
(Ol.  Sesam.— Teel  Oil.     Benne  Oil) 

A  fixed  oil  obtained  from  the  seeds  of  one  or  more  cultivated  varieties  of  Seaamum 
indicum  Linn6  (Fam.  Pedaliacea).     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Pale-yellow  oilv  liquid;  bland  taste ;  slightly  soluble  in  alcohol ;  miscible  with  chloro* 
form,  ether,  petroleum  benzin  or  carbon  disulphide,  sp.  gr.  0.916  to  0.921.  For  de- 
tails see  U.S.F.,  p.  301. 

For  tests  for  identity,  for  impurities:  Free  acid  Qitmus  test)  see  U.S.P.  Cotton 
seed  oil  (Halphens  test.) 

Saponification  Number. — 188  to  193.     Details  in  Part  V. 

Iodine  Absorption  Number, — 103  to  112.     Details  in  Part  V. 

Composition. — Solid  acids,  12  to  14  per  cent. ;  liquid  acids  (oleic  and 
linoleic),78  per  cent.;  glycerin. 

Remarks. — This  oil,  re-introduced  into  the  pharmacopoeia  after 
several  decades  of  absence,  is  now  official  since  it  is  found  to  be  the  most 


656  PRINCIPLES   OP   PHARMACY 

satisfactory  oil  to  use  in  making  ammonia  liniment.  The  test  for 
identity  of  this  oil  given  in  the  pharmacopoeia,  the  red  color  produced 
by  treating  the  oil  with  hydrochloric  acid  containing  sugar,  was  devised 
by  Badouin  and  is  usefid  for  detecting  the  presence  of  the  oil  as  an 
adulterant  of  olive  oil. 


OLEXTM  GOSSTPn  SEMINIS— Cottonseed  Oil 
(OL  Gossyp*  Sem. — Cotton  Seed  Oil) 

A  fixed  oil  obtained  from  seeds  of  cultivated  varieties  of  Ooasypium  herbaeeum 
lann6j  or  of  other  species  of  Gossypium  (Fam.  Malvacece).  Preserve  it  in  well-closed 
containers. 

Summarized  Description. 

Pale-yellow  oilv  liquid;  bland  taste;  slightly  soluble  in  alcohol;  miscible  with  ether, 
chloroform,  petroleum  benzin  and  carbon  disulphide,  sp.  gr.  0.915  to  0.921;  becomes 
turbid  at  12*»C.;  congeals  at  O**  to-5*C.     For  details  see  U.S.P.,  p.  293. 

For  testa  for  identity,  see  U.S. P. 

Saponification  Number. — 190  to  198.     Details  in  Part  V. 

Iodine  Absorption  Number. — 105  to  114."    Details  in  Part  V. 

Composition. — Olein,  palmitin,  linolein  and  a  small  amoimt  of  the 
glyceride  of  linolenic  acid. 

Remarks. — Cotton  seed  oil,  like  all  other  fixed  oils,  should  be  "cold 
pressed,"  that  is,  the  expression  of  the  oil  from  the  seed  should  be  done 
between  the  cold  plates  of  a  hydrauhc  press  (p.  157).  In  order  to  in- 
crease the  output  of  their  product,  oil-pressers  frequently  express 
the  seed  between  heated  plates,  in  which  event  the  oil  contains  not 
only  the  liquid  fats  (olein),  but  also  the  solid  fats,  which  are  fused  by 
the  heated  plates.  Such  an  oil  is  a  Umpid  Uquid  in  warm  weather, 
but  on  cool  da3rs  it  becomes  cloudy  and  unsightly,  and  its  filtration 
is  a  tedious  task. 

Any  pharmacist  who  has  regard  for  his  reputation  will  carefully 
avoid  use  of  such  an  oil  in  making  official  liniment  of  camphor  (p.  265). 
Whether  an  oil  is  cold  pressed  or  hot  pressed  can  be  easily  tested  by 
a  small  vial  of  it  to  a  cool  temperature.  It  must  be  borne  in  mind,  how- 
ever, that  the  official  oil  will  tiu'n  cloudy  at  a  temperatiu-e  of  12**C,;  hence 
in  applying  the  above  test  the  temperature  should  not  be  below  that 
figure. 

The  conversion  of  cotton  seed  oil  to  an  orange  semisolid  mass  by 
heating  with  nitric  acid  in  a  water-bath  constitutes  the  elaidin  refuAion. 
That  is,  the  olein  (glyceryl  oleate)  of  the  oil  is  changed  into  elaidin,  the 
glycerin  ester  of  elaidic  acid,  described  on  p.  652.  The  same  reaction 
takes  place  with  most  fixed  oils  and  fats,  notably  with  lard  oil  and  lard, 
and  has  pharmaceutic  application  in  the.  latter  case  in  the  manufacture  of 
citrine  ointment. 

As  mentioned  on  p.  654,  cotton  seed  oil  has  been  largely  used  as  an 
adulterant  of  oUve  oil. 

As  far  as  health  is  concerned,  it  is  as  good  as  olive  oil,  and  it  seems 
absurd  to  pay  large  prices  for  it  simply  because  of  its  trip  to  Italy  and  its 
retiu'n  in  an  olive-oil  bottle.  To  do  away  with  this  sham  as  much  as 
possible,  the  pharmacopoeia  has  directed  its  use  in  many  preparations 
formerly  caUing  for  oUve  oil.  It  is  thus  used  in  making  camphorated  cH 
(p.  265). 

Medical  Properties, — Demulcent  and  laxative. 
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OLEUM  Lmi— Linseed  Oil 
(Ol.  Lini — Oil  of  Flaxseed — Raw  Linseed  Oil) 

A  fixed  oil  obtained  from  Linseed.  Preserve  it  in  well-stoppered  containers. 
Linseed  Oil  which  has  been  '* boiled"  must  not  be  used  nor  dispenised. 

Summarized  Description. 

Yellowish  oily  liquid;  peculiar  odor;  bland  taste;  thickens  on  exposure  to  air; 
slightly  soluble  in  alcohol;  miscible  with  ether,  chloroform,  petrolemn  benzin,  carbon 
disulphide  or  oil  of  turpentine;  sp.  gr.  0.925  to  0.935.     For  details  see  U.S.P.,  p.  295. 

For  testa  for  identity,  for  impurities:  Free  acid  (litmus  test).  Npn-drying  oils 
(resinifies  when  spread  in  thin  layer  on  glass  plate).  Mineral  or  rosin  oils.  (Makes 
water-soluble  soap  with  potassium  hydroxiae  and  alcohol.)  Rosin  (a  green,  not 
violet,  color  on  treating  with  glacial  acetic  acid  and  sulphuric  acid.     (See  U.S.P.) 

Savonification  Number, — 187  to  195.     Details  in  Part  V. 

Iodine  Absorption  Number, — Not  less  than  170.     Detaib  in  Part  V. 

Composition, — Glycerides  of  linoleic  acid,  linolenic  acid,  and  iso-lino- 
lenic  acid.     (See  p.  652.) 

Remarks. — The  official  oil  is  what  is  commercially  termed  "raw 
oil;"  that  is,  the  oil  just  as  it  emerges  from  the  press.  For  painting 
purposes  the  raw  oil  is  cooked  with  litharge,  thereby  enchancing  its 
"drying"  qualities.  Such  oil  is  called  "boiled  oil,"  and  the  pharma- 
copoeial  definition  given  above  gives  special  warning  against  the  use 
of  such  boiled  oil  in  medicine.  As  the  boiled  oil  is  more  important  in 
commerce  than  the  raw  oil,  the  pharmacist  should  be  sure  to  specify 
"raw  oil"  in  buying. 

Linseed  oil  is  a  "drying  oil."  It  contains,  instead  of  olein,  a  similar 
body,  linolein,  which,  however,  differs  from  the  former  by  oxidizing  to 
a  solid,  linoxyn.  Hence  on  being  dropped  or  spread  on  a  board,  it 
eventually  hardens  into  a  protective  surface,  and,  accordingly,  it  and  the 
other  drying  oils  are  of  value  in  painting;  for  which  purposes  the  non- 
drying  oils  are  unfitted. 

It  will  be  noticed  among  the  tests  for  linseed  oil  given  above  that 
linseed  oil  is  adulterated  with  mineral  oils  (various  grades  of  refined 
petroleum)  and  with  rosin  or  rosin  oil;  the  latter,  the  product  of  the 
destructive  distillation  of  rosin,  is  rapidly  becoming  an  important  article 
of  commerce. 

Medical  Properties. — Demulcent  and  laxative.  A  constituent  of 
carron  oil  (p.  667). 

Dose. — 30  mils  (1  fluidounce). 

OLEUM  RICINI— Castor  Oil 
(OL  RicinO 

A  fixed  oil  obtained  from  the  seeds  of  Ricinv^  communis  Ldnn^  (Fam.  Euphorbiacece) 
Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Pale  yellowish  or  ahnost  colorless  transparent  viscid  liquid;  faint  mild  odor;  bland, 
then  acnd  then  nauseating  taste;  miscible  with  dehydrated  alcohol  and  with  glacial 
acetic  acid;  sp.  gr.  0.945  to  0.965.     For  details  see  U.S.P.,  p.  299. 

For  tests  for  identity^  for  imparities:  Other  fixed  oils  (only  parthr  soluble  in  petro- 
leum benzin;  completeiv  soluble  in  an  equal  volume  of  alcohol.    (See  U.S.P.) 

Saponification  Number, — 179  to  185.     Details  in  Part  V. 

Iodine  Absorption  Number, — ^83  to  88.     Details  in  Part  V. 

Composition. — Note  that  the  olein  of  this  oil  is  the  glyceryl  ester  of 
ricinoleic  acid  (p.  652). 

Remarks. — Castor  oil  is  one  of  the  few  fixed  oils  which  is  freely 
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soluble  in  official  alcohol.     For  this  reason  it  is  useful  as  the  greasy 
constituent  of  hair-lotions. 

Medical  Properties, — Valuable  purgative.  The  only  drawback  to 
the  administration  of  the  oil  is  the  disgust  it  usually  excites,  hence  a 
disguised  form  is  often  demanded.  The  best  method  of  administration 
is  in  sarsaparilla  soda-water,  the  following  points  being  carefully  exe- 
cuted. First,  put  about  fifteen  drops  of  compound  tincture  of  carda^ 
mom  in  a  clean  dry  glass,  twisting  the  glass  so  that  its  complete  interior 
is  moistened  with  this  aromatic.  Then  add  an  ounce  of  regular  soda 
fountain' sarsaparilla  syrup  and  squirt  in  the  soda-water  with  the  fine 
stream.  Of  course,  this  will  produce  a  large  amount  of  foam,  and  at 
this  juncture  pour  in  the  dose  of  oil,  carefully  avoiding  contact  with  the 
sides  of  the  glass.  Thus  poured  in,  the  oil  will  float  between  the  bottom 
layer  of  the  sarsaparilla  soda  and  the  foam  on  top,  and,  as  the  mixture 
is  swallowed,  the  foam  first  and  the  soda-water  last,  convey  to  the  tongue 
and  the  palate  so  decided  a  flavor  that  the  oil  slips  down  almost  unnoticed. 
The  compound  tinctiu'e  of  cardamom  is  an  essential,  as  it  not  only  serves 
to  keep  the  oil  from  sticking  to  the  glass,  but,  moreover,  by  its  aromatic 
odor  and  taste,  does  much  in  disguising  the  disagreeable  odor  and  taste 
of  the  oil. 

Castor  oil  can  be  solidified  by  the  trituration  of  an  equal  amount  of  ma^esium 
oxide.  That  the  product  is  not  a  soap  is  shown  by  the  fact  that  most  of  the  oil  can 
be  extracted  from  the  powder  by  treatment  with  ether.  The  oil  can  also  be  8olidi6ed 
by  78  parts  of  it  with  22  parts  of  allophan.  The  product  however  is  a  chemical  com- 
bmation  of  the  two  ingre^lients.  The  magnesia  type  of  solid  castor  oU,  has  recently 
become  quite  popular. 

Dose. — 15  mils  (4  fluidrachms). 

The  so-called  "castor  oil  capsules'' — that  is,  the  small  ones  of  hard 
gelatin  holding  about  15  minims — are  not  to  be  recommended,  as  their 
piu'gative  action  is  due  to  substances  added  to  the  castor  oil,  such  as 
croton  oil  or  podophyllin. 

Aromatic  Castor  Oil  (N.F.)  consists  of  the  oil  flavored  with  an  alcoholic  solution 
of  oils  of  cinnamon  and  clove,  vanillin  and  cumarin,  in  which  benzosulphinide  (sac- 
charin) is  also  dissolved  as  a  sweetening  agent. 

OLEXTM  TIGLH— Croton  Oil 
01.  Tiglii 

A  fixed  oil  expressed  from  the  seeds  of  Croton  Tiglium  Linn^  (Fam.  Euphorbiacece). 
Preserve  it  in  small,  well-stoppered  bottles,  protected  from  light. 

Summarized  Description. 

Pale-yellow  or  brownish-yellow,  somewhat  viscid,  sliehtly  fluorescent  liquid; 
sUght  fatty  odor;  acrid  burning  taste;  very  irritating  to  the  skin;  sp.  gr.  0.935  to  0.950; 
somble  in  55  to  60  parts  of  alcohol;  more  soluble  in  alcohol,  when  old;  miscible  wiUi 
ether,  chloroform,  and  fixed  and  volatile  oils.     For  details  see  U.S. P.,  p.  305. 

Saponijication  Number, — ^200-216.     Details  in  Part  V. 

Iodine  Ahsorption  Number, — 104  to  110.     Details  in  Part  V. 

Composition. — Glycerides  of  tiglinic  (methyl-crotonic),  acetic,  but3rric, 
valerianic,  stearic,  palmitic,  laurinic,  myristic,  crotonic,  oleic,  and  formic 
acids.     A  resin-like  blistering  substance,  crotonol,  CwHuOj. 

Medical  Properties. — A  powerful  purgative,  used  only  in  cases  of  last 
resort,  when  all  other  purgatives  have  failed,  its  action  being  too  violent 
for  general  use.  It  is  a  vesicant,  producing  blisters  on  application  to 
the  skin. 
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It  is  usually  administered  internally  in  the  form  of  pills,  the  oil  being 
solidified  by  use  of  crumb  of  bread. 
Dose, — yio  nail  (1  minim). 

OLEUM  THEOBROMATIS— OU  of  Theobrcma 
(Ol.  Theobrom. — Butter  of  Cacao — Cacao  Butter) 

A  concrete,  fixed  oil  obtained  from  the  roasted  seeds  of  Theobrama  Cacao  Linn6 
^Fam.  Sterculiacece). 

Summarized  Description. 

Yellowish-white  solid;  faint  agreeable  odor;  bland  chlocolate-like  taste;  slightly 
soluble  in  alcohol;  more  so  in  dehydrated  alcohol;  freely  soluble  in  ether,  cmoroiorm 
or  benzene;  sp.  gr.  0.973;  melts  between  30  and  35^0.     For  details  see  U.S. P.,  p.  304. 

For  testa  for  identity  and  for  impurities;  w&x,  stearin  or  tallow  (ethereal  solution  on 
chilling  does  not  reodily  become  turbid),  see  U.S. P.,  p.  304. 

SaponificaHon  Nurnher, — 188  to  196.     Details  in  Pnrt  V. 

Iodine  Absorption  Number, — 33  to  38.     Details  in  Part  V. 

ComposUion. — Glycerides  of  oleic,  lauric,  palmitic,  stearic,  and  arachic 
acids.  Matthes  and  Rhodich  also  found  a  phytosterin  consisting  of 
amyrilene  and  two  true  phytosterins. 

Remarks, — Oil  of  theobroma  is,  chemically  and  physically,  just 
between  the  oils  and  fats.  While  a  hard  solid  at  ordinary  tempera- 
tures, the  heat  of  the  body  is  sufficient  to  melt  it — to  convert  it  to  a 
liquid.  This  valuable  property  suggested  to  Duhamel  in  1842  its 
use  as  a  basis  for  suppositories,  every  other  fat  melting  at  so  low  a 
temperature  being  a  soft,  sticky  mass  at  ordinary  temperatures.  ^ 

Note  that  the  common  term  "cocoa-butter"  is  replaced  in  the 
pharmacopoeia  by  the  more  accurate  '* butter  of  cacao"  (the  latter 
word  being  pronounced  as  if  spelled  "ka-ka-o").  This  step  relieves 
the  confusion  arising  from  the  fact  that  three  different  plants  have 
been  given  very  similar  names.    These  plants  and  products  are: 

Cacao  (cocoa)  and  butter  of  cacao  from  Theobroma  Cacaoy  the 
chocolate  plant. 

Coconut,  from  Cods  nudferay  the  coconut  palm. 

Coca  leaves>  from  ErythroxyUm  Coca^  the  coca  shrub. 
Hence  the  necessity  of  learning  to  say  "cacao,"  for  otherwise  one  is 
sure  to  confound  the  plant  yielding  chocolate  and  oil  of  theobroma 
with  the  coconut  palm  or  with  the  coca  tree. 

Medical  Uses. — Suppository  base.     Emollient  for  chapped  hands. 

Oleum  Adipis  (U.S.  P.  Vlll),  or  lard  oil,  is  a  fixed  oil  expressed  from  lard  at  a  low 
temperature.  Instead  of  calling  it,  as  in  the  case  of  castor  ou, ' '  cold  pressed,"  i  his  cold 
pressed  lard  oil  is  called  in  commerce  *^  winter  strained"  the  two  terms  meaning  prac- 
tically the  same  thing.  It  consists  of  olein,  some  linolein,  stearin  and  palmitin,  the 
amount  of  solid  constituents  varying  from  very  little  in  the  best  "winter  strained" 
oil  to  much  when  the  oU  has  been  carelessly  pressed. 

Lard  oil,  like  linseed  oil,  is  largely  adulterated  with  various  petroleum  oils.  It 
was  chiefly  the  presence  of  these  mineral  oils  that  made  difficult  tne  manufacture  of 
citrine  ointment  from  lard  oil,  as  directed  bv  U.S.P.  1890,  and  for  this  reason  the 
ointment  of  present  pharmacopoeia  is  made  from  lard. 

OLEUM  MORRHUA— Cod:  Liver  Oil 
(01.  Morrh. — Oleum  Jecoris  Aselli) 

A  fixed  oil  obtained  from  the  fresh  livers  of  Gadus  morrkua  Linn6  and  of  other 
•pecies  of  (kidus  (Fam.  Gadida).  Preserve  it  in  a  cool  place,  in  well-closed  containers, 
which  have  been  thoroughly  dried  before  filling. 
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Summarued  Description, 

Pale-yellow  thin  oily  liquid;  peculiar  slightly  fishy  non-rancid  odor;  fishy  taste - 
slightly  soluble  in  alcohol;  soluble  in  ether,  chloroform,  carbon  disulphide  or  ethyl 
acetate;  sp.  gr.  0.918  to  0.922.     For  details  see  U.S.P.,  p.  297. 

For  tests  for  identity,  for  impurities:  Seal  oil  and  other  fish  oils  (gives  rose-red  color 
with  nitric  acid).     Free  fatty  acids  (litmus  test),  see  U.S.P. 

Saponification  Number. — 180  to  190.    •  Details  in  Part  V. 

Iodine  Absorption  Number, — 140  to  180.     Details  in  Part  V. 

Manufacture. — ^The  oil  is  separated  from  fresh  livers  either  by  exposing 
to  sun,  when  oil  exudes;  by  slowly  heating  on  steam  bath;  or  by  boiling 
with  water  and  skimming  ofif  the  separated  oil. 

Composition. — Olein,  little  palmitin  and  stearin,  unsaturated  fatty 
acids,  traces  bromides  and  iodides,  cholesterin,  and  some  animal  decom- 
position products  (alkaloids). 

Remarks. — The  best  grade  of  cod  liver  oil  is  that  obtained  from  the 
fisheries  on  the  coast  of  Norway,  although  some  grades  of  Newfound- 
land oil  are  of  fair  quality.  The  commercial  oil  is  frequently  adulter- 
ated with  other  fish  oils;  hence  the  nitric  acid  color  test  provided  by 
the  pharmacopoeia.  The  keeping  of  cod  liver  oil  deserves  more  care 
than  is  usually  bestowed  upon  it  by  the  pharmacist,  hence  the  pharma- 
copoeial  injunction  as  to  storing  should  be  followed  unless  the  druggist 
is  willing  to  dispense  a  rankly  smelling  and  tasting,  partly  decomposed 
product. 

The  efforts  of  some  manufacturers  to  dispense  a  cod  liver  oil  product 
minus  the  oil,  such  as  the  numerous  wines  of  cod  liver  oil,  is  an  example 
of  the  play  Hamlet  with  the  hero  Hamlet  omitted;  for  it  is*  now  con- 
sidered by  therapeutists  that  the  medicinal  value  of  the  oil  is  due  to  the 
unsaturated  fatty  acids  that  it  contains,  and  that  the  so-called  '' active 
principles,"  variously  called  gaduoly  morrhuoly  etc.,  are  worse  than  useless. 
These  substances  usually  are  extracts  prepared  by  shaking  the  oil  with 
alcohol,  separating  the  alcoholic  layer,  and  distilling  off  the  solvent,  and 
when  redissolved  in  aromatized  alcoholic  liquors,  form  the  eUxirs  and 
wines  of  cod  liver  oil. 

Medical  Properties. — ^Demulcent,  nutritive  in  wasting  diseases. 
Best  administered  in  the  form  of  the  official  emulsion  (p.  263). 

Dose, — 10  mils  (2)^  fluidrachms). 

ADEPS— Lard 

The  purified  internal  fat  of  the  abdomen  of  the  hog  (Sus  scrofa,  var.  domesticus 
Gray,  Fam.  Suida).  Preserve  it  in  a  cool  place  in  well-closed  containers  which  are 
impervious  to  fat. 

Summarized  Description. 

Soft  wlute  unctuous  solid:  faint  odor;  bland  taste;  free  from  rancidity;  insoluble 
m  water;  slightly  soluble  in  alcohol;  freely  soluble  in  ether,  chloroform,  carbon  disul- 
phide and  petroleum  benzin;  melts  between  36°  and  42^C.  For  details  see  U.S. P., 
p.  30. 

For  tests  for  identity ,  for  impurities  alkalies  (boiled  with  water,  the  fluid  is  not 
alkaline). 

Chlorides  (silver  nitrate  test  on  the  fluid  just  mentioned). 

Free  ^tty  acids  (a  modified  volumetric  test). 

Cottonseed  fats  (Becchi's  test),  see  U.S.P. 

Composition. — Consists  of  the  glycerides  of  lauric,  myristic,  palmitic, 
stearic,  oleic  and  linoleic  acids.  The  proportion  of  the  acids  are  approxi- 
mately 40  per  cent,  of  solid  acids,  50  per  cent,  of  oleic  acid  and  10  per 
cent,  of  linoleic  acid. 
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Remarks, — Note  that,  according  to  the  rule  laid  down  when  dis- 
cussing fats  (p.  653),  whether  a  fat  is  liquid  or  solid  depends  on  the 
relative  amount  of  olein  and  stearin  it  contains.  Olive  oil  is  almost  pure 
olein;  suet,  which  is  hard,  is  almost  pure  stearin,  while  lard,  which  is 
half-and-half,  is  semisolid. 

The  solid  fat  of  cotton  seed  oil  is  used  for  adulterating  lard,  and  the 
pharmacopoeial  test  for  this  impurity,  is  the  Becchi  teat  mentioned  under 
olive  oil.     (See  p.  654.) 

Medical  Properties. — Emollient  and  ointment  base.  Now  used 
instead  of  lard  oil  in  making  citrine  ointment  (p.  560). 

ADEPS  BENZOINATUS— Benzoinated  Lard 

(Adeps  Benz.) 

Condensed  Recipe, 

Digest  1000  Gm.  lard  with  10  Gm.  coarsely  powdered  Siam  benzoin  and  then  strain. 
In  warm  climates  5  per  cent,  of  white  wax  may  be  added.  For  details  see  U.S.P., 
p.  31. 

Remarks. — It  will  be  seen  that  this  official  is  made  by  digesting 
ground  benzoin  in  melted  lard,  and  not  by  mixing  lard  with  tincture 
of  benzoin,  as  the  writer  has  known  some  careless  druggists  tq  do. 
Lard  rapidly  turns  rancid,  and  the  benzoin  is  added  to  hinder  the 
decomposition. 

SEVUM  PIL£PARATITM— Prepared  Suet 
(Sev.  Praep. — Mutton  Suet) 

The  internal  fat  of  the  abdomen  of  the  sheep  (Ovis  ariee  Linn^,  Fam.  BovideB) 
purified  by  meltins  and  straining.  Preserve  Prepared  Suet  in  well-closed  vessels  im- 
pervious to  fat.     It  must  not  be  used  s^ter  it  has  become  rancid. 

Summarized  Description, 

White  solid  fat;  nearly  inodorous;  bland  taste;  becomes  rancid  on  expiosure  to  the 
air:  insoluble  in  water  and  in  cold  alcohol;  soluble  in  boiling  alcohol  and  in  cold  ether 
ana  petroleum  benzin;  melts  between  45°  and  50*^C.;  congeals  between  37°  and  40°C. 
For  details  see  U.S.?,,  p.  379. 

For  tests  far  identity  and  for  impurities:  free  acid  (modified  volumetric  test),  see 
U.S.?. 

Savonificaiion  Number, — 193  to  200.     Details  in  Part  V. 

loaine  Absorption  Number, — 33  to  48.     Details  in  Part  V. 

Composition. — Stearin  and  palmitin,  70  per  cent. ;  olein,  30  per  cent. ; 
herein,  a  trace. 

Remarks. — Suet  turns  rancid  even  more  rapidly  than  lard.  Borrell 
found  that  when  melted  suet  was  digested  with  elm  bark  the  resulting 
^^vlmaied  suet''  kept  quite  well.  The  National  Formulary  gives  a  recipe 
for  benzoinated  siiet  which  is  similar  to  the  pharmacopoeial  method  of 
making  benzoinated  lard. 

ADEPS  LANiE— Wool  Fat 
(Adeps  Lan. — Anhydrous  Lanolin) 

The  purified  fat  of  the  wool  of  sheep  (Ovis  aries  Lmn6  Fam.  Bovida),  freed  from 
water.     Preserve  it  in  a  cool  place  in  well-closed  containers  which  are  impervious  to  fat. 

Summarized  Description, 

light-yellow  tenacious,  unctuous  mass;  only  slight  odor;  insoluble  in  but  miscible 
with  about  twice  its  weight  of  water;  sparingly  soluble  in  alcohol;  freely  soluble  in 
ether  and  in  chloroform;  melts  between  38''  and  42*^0.     For  details  see  U.S.P.,  p.  31. 

For  tests  for  identity,  for  impurities;  water  Qoses  not  more  thap  0.5  per  cent,  on 
drying). 
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Alkalies  and  soaps  (not  more  than  0.1  per  cent,  of  ash  and  this  not  alkaline 
litmus). 

Free  alkalies  and  free  acids  (tested  with  potassium  hydroxide  and  phenolphthalein) 

Chlorides  (silver  nitrate  test). 

Glvcerin  (no  sweet  residue  on  evaporation  of  an  aqueous  extract). 

Soluble  oxidizable  matter  (tested  with  permanganate). 

Petrolatum  (completely  soluble  in  boiling  dehydrated  alcohol),  see  U.S.P 

Iodine  absorption  number. — 18  to  28.    Details  in  Part  V. 

Manufacture. — Crude  suint  (the  alkaline  washings  from  sheep-wool) 
is  treated  with  acid,  thereby  liberating  the  fatty  acid  combination  of 
cholesterin  and  isocholesterin,  and  also  30  per  cent,  free  fatty  acid.  The 
fatty  mixture  is  then  treated  with  caustic  alkali,  which  saponifies  the 
free  fats  and  emulsifies  the  cholesterin  compounds.  The  mixtiu'e  is  cen- 
trifuged,  when  the  cholesterin  compounds  separate  as  cream  and  are 
thus  removed  from  bad-^melline  fatty  acids. 

Composition. — A  mixture  of  the  esters  of  oleic,  stearic,  palmitic, 
cerotic,  caproic,  butyric,  and  isovaleric  acids  with  the  cholesterins  and 
some  ceryl  alcohol.  It  contains  no  glyceryl  compounds  as  do  most  fats. 
Lewkowitsch  points  out  that  this  substance  is  more  Uke  a  wax  than  a  fat. 
In  fact,  he  calls  it  wool-wax,  « 

Remarks. — The  fat  of  sheep-wool  has  already  been  considered  as 
suintf  under  the  head  of  the  Potassium  Salts  (p.  407). 

Purified  suint  was  introduced  in  modern  medicine  under  the  copy- 
righted name  lanolin,  and  since  its  introduction  has>  enjoyed  great 
popularity,  because  of  the  fact  that  it  is  more  readily  absorbed  by  the 
pores  of  the  skin  than  lard  or  other  fats. 

It  readily  absorbs  water,  and  when  combined  with  30  per  cent,  of 
that  fluid,  it  forms  the  official  hydrous  wooUfat. 

ADEPS  LASM  HTDROSUS— Hydrosus  Wool  Fat 
(Adeps  Lan.  Hyd. — Lanolin) 

The  purified  fat  of  the  wool  of  sheep  {Ovis  aries  Linn6  Fam.  Bovidoi),  containing 
not  less  than  25  nor  more  than  30  per  cent,  of  water.  Preserve  it  in  a  cool  place  in 
well-closed  containers  which  are  impervious  to  fat. 

Summarized  Description. 

Yellowish-white,  or  nearl^r  white,  ointment-like  mass;  insoluble  in  but  miscible 
with  water;  gives  turbid  solutions  with  ether  and  chloroform;  loses  25  to  30  per  cent, 
of  water  on  evaporation  on  a  water-bath.     For  details,  see  U.S.P.,  p.  32. 

For  tests  for  identity  and  for  impurities  see  Wool  Fat. 

Manufacture. — Made  by  melting  wool-fat,  gradually  adding  30  per 
cent,  warm  water,  and  triturating  until  cool. 

Medical  Properties. — Emollient  and  ointment  base.  Used  in  the  fol- 
lowing official  ointments:  Belladonna,  ammoniated  mercury,  yellow  mer- 
curic oxide  and  stramonium. 

Eucerin  is  an  ointment  base  obtained  from  wool  fat,  possessing  a  much  greater 
water  absorbing  capacity  than  has  lanolin ;  it  being  capable  of  takine  up  seven  to 
eight  times  its  own  weight  of  water.  After  the  saponinable  fatty  acidb  are  removed 
from  the  crude  suint  as  described  under  wool  fat,  from  the  cholesterin  mixture  by 
selective  extraction  can  be  separated  a  body  consisting  of  a  mixture  (or  soft  fat)  con- 
sisting of  the  esters  of  isocholesterin  and  oxycholesterin  with  oleic,  m3rristinic  and 
camaubic  acids.  To  this  soft  fat,  petrolatum  hydrocarbons  are  added  as  dilumita  smd 
the  product  is  marketed  imder  the  trade-marked  name,  eucerin. 
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DRUGS  CONTAINING  FIXED  OILS 

Fixed  oils  are  usually  found  in  the  seed  of  plants,  although  there  are  some  excep- 
tions. Thus  butternut  bark  (juglans,  U.S.  P.  1890)  contains  appreciable  quantities 
of  fixed  oil.  In  many  official  seeds,  such  as  strophanthus  (p.  644),  the  fixed  oil  is 
of  importance  only  because  its  presence  is  a  source  of  annoyance  in  making  pharma- 
ceutic preparations;  hence  in  this  chapter  we  will  discuss  only  those  drugs  tnat  owe 
their  entire  therapeutic  value  to  the  nxed  oil  they  contain. 

The  mustards  (white  or  black)  will  be  considered  under  the  sulphocyanatee  (p. 
675).  since  their  activity  is  due  to  their  sulphurated  volatile  oils. 

sitter  almond  will  be  considered  under  hemaldehydef  since  its  active  principle, 
the  volatile  oil,  is  composed  chiefly  of  that  body. 

AMYGDALA  DULCIS— Sweet  Almond 

(Amygd.  Dtdc.) 

The  ripe  seeds  of  Prunus  Amygdalus  dulcis  De  Candolle  (Fam.  Rosacea),  Pre- 
serve Sweet  Almond  in  tightly  dosed  containers,  adding  a  few  drops  of  chloroform  or 
carbon  tetrachloride  from  time  to  time  to  prevent  attack  by  insects. 

ConslitvenJts. — Fixed  oil,  54  per  cent,  (expressed  oil  of  almond,  U.S.P.) ; 
aJbumin,  24  per  cent.;  the  ferment  emulsion;  asparagin.     No  amygdalin. 

Rffnarks. — Since  sweet  almond  contains  no  amygdalin,  no  volatile 
oil  nor  hydrocyanic  acid  odor  is  produced  on  moistening  the  seed, 
even  though  the  ferment,  emulsin,  is  present.  Almonds  are  blanched 
by  removing  the  scurfy  seed-coat.  This  is  accomplished,  by  immers- 
ing them  in  hot  water  for  a  few  minutes,  when  the  coat  can  be  easily 
slipped  off. 

Medical  Properties. — ^Demulcent.  Used  in  emtdsior^  of  almond, 
U.S.P.  (p.  262). 

LmUM— Linseed 

(Flaxseed) 

The  ripe  seeds  of  lAnum  uaitcUiasimum  Linn6  (Fam.  lAnacea).  without  the  presence 
or  admixture  of  more  than  3  per  cent,  of  other  fruits  and  seeas  and  foreign  matter. 
Preserve  it  in  tightly  closed  containers  and  add  a  few  drops  of  carbon  tetrachloride 
or  chloroform  from  time  to  time  to  prevent  attack  by  insects. 

Summarized  Description, 

The  meal  must  be  free  from  rancid  odor;  a  2  per  cent,  decoction  of  a  fat-free  sample 
must  not  give  more  than  a  faint  blue  color  with  iodine;  must  yield  at  least  30  percent, 
of  oil  on  extraction  with  petroleum  ether;  must  yield  not  more  than  6  per  cent,  of  ash. 
For  details,  see  U.S.P.,  p.  236. 

Constituents. — Fixed  oil,  30  per  cent,  (oleum  lini,  U.S.P.);  mucilage, 
6  per  cent.  (CeHioOg  and  C6H8O4);  albumin;  linamarin  (like  amygdahn), 
etc. 

Remarks. — It  is  difficult  to  decide  whether  flaxseed  should  be  grouped 
among  the  mucilaginous  or  the  oleaginous  drugs. 

The  whole  seed  is  used  entirely,  because  of  the  mucilage,  while  in 
the  ground  seed  both  the  oil  and  the  mucilage  play  a  therapeutic  rdle. 
The  mucilage  of  the  seed  is  interesting,  as  being  found  entirely  in  the 
outer  layer  of  cells  of  the  testa;  hence  by  immersing  the  whole  seed  in 
water  all  the  mucilage  is  extracted. 

Much  of  the  ground  flaxseed  of  commerce  is  the  seed  deprived  of 
part  or  all  of  its  ofl;  hence  the  pharmacopoeial  test  given  above  requiring 
at  least  30  per  cent,  of  oil. 

Linseed  contains  some  starch,  but  not  large  amounts,  and  thus  differs 
from  most  of  the  adulterants  of  the  ground  seed.     This  explains  the 
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pharmacopoeial  test  for  ''limit  of  starch/'  the  test  having  been  devised 
by  Professor  J.  U.  Lloyd. 

Medical.  Properties. — The  mucilage  (hence  the  unground  seed)  is 
demulcent.  Therefore  an  infusion  of  the  whole  seed  is  used  as  a  basis 
of  domestic  cough-mixtures,  while  a  thicker  solution  is  sometimes  used 
as  a  bandolin  or  as  a  face  jelly,  although  for  this  purpose  quince  seed  or 
tragacanth  is  more  useful.  Ground  seed  mixed  with  hot  water  to  thick 
paste  forms  the  familiar  ''flaxseed  pouUice" 

PEPO— Pepo 

(Pumpkin  Seed) 

The  dried  ripe  seeds  of  cultivated  varieties  of  CucurhUa  Pepo  Liim6  (Fam.  Cucurhv- 
tacea)f  without  the  presence  or  admixture  of  more  than  5  per  cent,  of  other  substances. 

Constituents. — Fixed  oil,  20  to  40  per  cent.,  sugar,  starch  and  resin. 
The  oil  consists  of  linolein,  olein,  palmitin  and  stearin;  while  the  resin  is 
a  combination*  of  a  phytosterol  (CjtH^O)  with  hydroxycerotic  acid. 

Medical  Properties.  Popularly  considered  as  a  tenif  uge,  but  Power 
and  Salway  after  an  exhaustive  examination  of  the  drug  report  their  in- 
ability to  find  any  ingredient  that  would  be  likely  to  expel  tapeworm. 

Dose] — 30  grammes  (1  ounce). 

LYCOPODIUM— Lycopodium 
(Lycopod.) 

The  spores  of  Lycopodium  davcUum  linn^  (Fam.  LycopodiacetB),  without  the 
presence  or  admixture  of  more  than  2  per  cent,  of  impurities. 

ConstUuerds. — Fixed  oil,  43  per  cent,  consisting  of  lycopod-oleic, 
dioxy-stearic,  palmitic  and  myristic  acids. 

Remarks. — The  ofiicial  definition  of  lycopodium  is  "the  spores  of 
Lycopodium  clavaium,**  etc.  The  spores  of  non-flowering  plants  are 
organs  midway  between  the  fruit  and  the  seed  of  flowering  species, 
though  there  is  a  decided  difference  in  the  way  the  two  sprout  into 
new  plants. 

The  large  quantity  of  oil  contained  in  lycopodium  accounts  for  its 
mobility — ^its  smooth,  slippery  character — as  weU  as  causing  the  remark- 
ably quick  combustion  of  lycopodium  when  blown  into  a  flame.  It 
is  very  difficult  to  extract  the  oil  from  lycopodium,  as  it  is  next  to  im- 
possible completely  to  break  the  walls  of  the  individufid  cell  which  forms 
each  sporule.     By  long  contusion  with  sand  the  result  may  be  reached. 

Because  of  its  mobility  it  is  called  ''ivitch-powder^*  in  some  sections 
of  the  country. 

Medical  Properties. — Externally,  as  a  dusting-powder.  Its  use  as 
a  dusting-powder  for  pills  has  been  already  given. 

Sov  beans,  the  seeds  of  Glycine  hUpida,  the  chief  foodstuff  of  the  Manchuriana, 
have  lately  become  an  important  article  of  commerce  because  of  the  oil  that  can 
be  expressed  from  them.  This  oil  is  excellent  for  soap  making  and  can  also  be  used 
as  a  salad  oil. 

SOAPS 

Soaps  are  products  resulting  from  the  action  of  sodium  and  potas- 
sium hydroxide  on  oils  or  fats.  All  the  ingredients  employed  in  com- 
mercial soap-making  are  more  or  less  impure,  hence  the  products  are  not 
definite  chemical  compounds. 
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The  pharmacopoeia  recognizes  as  soap — «apo— made  from  olive  oil 
and  soda — and  sapo  moUis — from  linseed  oil  and  potassa.  Fixed  oil 
are  combinations  of  the  oleate,  stearate,  and  palmitate'  of  glyceryl. 
If  we  take  glyceryl  oleate  and  treat  it  with  sodium  hydroxide  we  get 
a  reaction  quite  similar  to  that  occurring  when  fat  is  treated  with  steam 
(p.  610),  namely: 


CiHi(Ci8Htt02)  a 

Olein 
(Qlyceryl  oleate.) 


+ 


3NaOH 

Sodium 
hydroxide 


CsH»(OH),     +    3NaC,iHM0, 

Qlycerin  Sodium  oleate. 

Soap. 


SAPO— Soap 

(White  Castile  Soap) 


Soap  prepared  from  olive  oil  and  sodium  hydroxide.  Preserve  dried  or  powdered 
soap  in  well-olosed  containers. 

SummarUed  Description, 

White  or  nearly  white  solid,  in  bars  or  a  yellowish-white  i)owder :  faint  peculiar 
odor,  free  from  rancidity:  disagreeable  alkaline  taste;  soluble  in  alcohol  ana  water; 
alkaline  to  litmus.     For  details  see  U.S. P.,  p.  366. 

For  tests  for  ideniUy,  for  impurities;  water  (\o9R  on  evaporation,  not  more  than  36 
per  cent.). 

Soap  from  animal  fats  (hot  alcoholic  solution,  about  1  to  35,  does  not  gelatinize 
on  coonns). 

Metallic  impurities.     (Modified  hydrogen  sulphide  test.) 

Sodium  chloride,  sodium  carbonate  or  silica  (hot  alcohol  solution  dissolves  at  least 
09  per  cent.). 

Silica  (the  residue  left  in  above  test  after  washing  with  water  should  leave  not 
more  than  0.15  per  cent. 

Sodium  hydroxide  (alcoholic  solution  not  reddened  with  phenolphthalein,  see 
U.S.P. 

Iodine  Absorption  Number. — (Of  the  separated  acids)  84  to  90.     Details  in  Part  V. 

Remarks. — Soap  is  a  product  of  the  treatment  of  an  oil,  supposedly 
olive  oil,  with  sodium  hydroxide.  Now  much  commercial  soap  is  made 
by  direct  treatment  of  fatty  acids  with  sodium  bicarbonate.  This  is 
called  "Castile  soap,"  because  originally  made  in  the  city  of  Castile, 
Spain,  and  at  the  present  time  the  finest  brand  of  Castile  soap  on  the 
market  is  the  "  Yaritu"  brand  manufactured  in  that  city.  The  large 
majority  of  the  6o-called  Castile  soap,  however,  is  manufactm^d  in 
Marseilles. 

Soap  is  a  hard,  whitish  solid,  insoluble  in  salt  water,  very  soluble 
in  alcohol,  and  somewhat  soluble  in  cold  water.  When  a  solution  of 
soap  is  made  with  excess  of  water,  the  soap  breaks  into  free  alkali  and 
fatty  acids.  The  alkaU  immediately  attacks  the  skin  if  brought  in  con- 
tact with  it,  but  before  it  can  do  much  harm  the  fatty  acid  acts  as  a 
soothing  agent.  This  explains  the  whole  plan  of  washing  with  soap, 
the  alk^i  removing  grease  and  at  the  same  time  removing  minute  traces 
of  skin,  while  the  fatty  acids  prevent  the  burning  which  invariably  results 
if  the  free  alkali  were  used  for  the  same  purpose. 

As  seen  above,  Castile  soap  is  a  mixture  of  glycerin  and  sodiimi  oleate. 
The  red  Castile  soap  is  colored  by  the  addition  of  ferrous  oxide,  which 
is  black,  and  this,  on  exposure  to  air,  is  oxidized  to  red  ferric  oxide — 
iron  rust.  The  effect  can  be  noticed  by  making  a  fresh  cut  through  a 
cake  of  mottled  Castile  soap,  which  shows  on  the  interior  black  streak- 
ings  which,  on  exposure  to  air,  gradually  assume  the  red  hue  of  the  rest 
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of  the  soap.  The  coloring  (or  mottling)  is  simply  to  please  the  eye,  as 
the  ferric  oxide  is  of  no  influence,  save  to  increase  weight. 

Soap  is  used  chiefly  externidly,  although  it  is  sometimes  adminis- 
tered internally  as  a  laxative,  especially  in  purgative  pills.  For  this 
purpose  it  is  used  in  the  official  pills  of  aloes  and  of  asafetida.  It  is 
also  a  constituent  of  compound  extract  of  colocynth,  and  thus  is  the 
excipient  in  compound  cathartic  pills  (p.  312). 

An  alcoholic  solution  of  soap  containing  camphor  and  oil  of  rosemary 
is  official  as  "soap  liniment'*  (p.  266). 

SAPO  MOLLIS— Soft  Soap 
Sapo  MoU. 

Condensed  Recipe, 

Dissolve  86  Gm.  potassium  hydroxide  in  100  mils  of  water,  warm,  add  430  Gm. 
cottonseed  oil,  stir,  saponify  by  neat,  clear  with  alcohol,  using  more  potassium  hy- 
droxide^  if  necessary.     For  details  see  U.S.P.,  p.  367. 

Summarized  Description, 

Soft  unctuous  yellowish-white  to  brownish-yellow  mass;  slight  characteristic 
odor;  alkaline  taste;  solution  is  alkaline  to  litmus  and  to  phenolphthalein;  97  per  cent, 
should  be  soluble  in  hot  alcohol;  should  contain  from  O.I  to  0.25  per  cent,  of  free 
potassium  hydroxide,  and  not  more  than  52  per  cent,  of  water.  For  details  see  U.S.P., 
p.  367. 

Soft  soap  is  a  soap  made  by  treatment  of  linseed  oil  with  potassa, 
and  clearing  the  product  with  an  appropriate  quantity  of  alcohol.  Green 
soap  is  a  soft  soap  made  with  potassa  and  greenish  rape  seed  oil. 

The  two  soaps  (hard  and  soft)  are  interesting  as  illustrating  the 
different  actions  of  the  salts  of  two  metals.  The  soditun  salts  are  usually 
efflorescent  and,  similarly,  Castile  soap  is  foimd  to  effloresce  on  stand- 
ing.   The  potassium  compounds,  like  potassa  soap,  are  deliquescent. 

Soft  soap  is  used  externally  in  skin  troubles,  and  is  a  constituent  of 
the  official  linimerU  of  soft  soap  (p.  266). 

The  liquid  soaps  now  so  popular  for  toilet  surgical  and  shampoo  use  are  prepared 
by  saponifying  cottonseed  oil  or  coconut  oil  or  mixtures  of  the  two  with  potassium 
hydroxide. 

While  Castile  soap  and  soft  soap  are  the  only  official  soaps,  in  the 
limited  sense  of  the  term,  we  have  other  official  products,  that  are 
usually  considered  as  soaps,  although  it  is  a  question  whether  all  of  them 
are  properly  so  grouped. 

LINIMENTUM  AMMONLS— Ammonia  Liniment 
(Lin.  Ammon. — Volatile  Liniment — Hartshorn  Liniment) 

Condensed  Recipe. 

Shake  250  mils  of  ammonia  water  with  750  mils  of  sesame  oil.  For  details  see 
U.S.P.,  p.  232. 

Remarks. — Whether  this  is  a  real  soap  or  merely  an  emulsion  of  sesame 
oil  in  a  small  amount  of  ammonia  soap  can  be  figured  out  by  molecular 
proportions,  assuming  as  the  reaction  the  following  equation. 

Olein  Ammonia  water  Ammonia  liniment 

C,H»(Ci,HmO,)»  +  3NH,  +  3H,0  =  Cai»(OH),  +  3NH4C,8HMOt 
884  51 
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This  equation  shows  that  every  884  grammes  of  oil  will  require  51 
grammes  of  absolute  ammonia  (or  510  grammes  of  10  per  cent,  ammonia 
water)  for  complete  saponification.  Comparison  of  these  figures  with 
the  pharmacopoeial  quantities  will  show  that  the  amount  of  ammonia 
water  there  prescribed  falls  far  short  of  this  proportion. 

Hartshorn  liniment,  as  this  preparation  is  popularly  calledi  is  a 
valuable  and  largely  used  embrocation. 

LINXMENTUM  CALCIS— Lime  Liniment 
(Lin.  Calc. — Carron  Oil) 

Condensed  Recipe. 

Mix  together  500  mils  of  lime  water  and  500  mils  of  linseed  oil. 

Remarks, — ^There  is  no  question  that  this  liniment  is  merely  an  emul- 
sion of  Unseed  oil  in  small  amount  of  calcium-linseed  oil  soap.  Calcula- 
tions similar  to  those  given  under  ammonia  liniment,  will  show  that 
the  amount  of  calcium  hydroxide  is  far  short  of  the  quantity  required  for 
complete  saponification. 

The  value  of  this  liniment,  popularly  called  Carron  oil,  in  burns,  has 
been  mentioned  on  p.  470. 

EMPLASTRUM  PLUMBI— Lead  Plaster 

. 

This  preparation,  the  manufacture  of  which  is  described  at  length 
in  Part  VII  as  well  as  on  p.  549,  is  mentioned  at  this  place  as  an  example 
of  a  true  soap,  of  that  type  which  is  insoluble  in  water.  It  is  a  lead 
oleopalmitate,  «even  as  soap  U.S.P.  is  a  sodium  oleopalmitate. 

The  official  oleaies  are  scarcely  to  be  considered  as  soaps,  as  they  all 
contain  a  large  excess  of  oleic  acid. 

In  most|works  on  pharmacy  the  chapter  on  fats  and  soaps  is  con- 
sidered the  proper  place  to  consider  the  petroleum  products,  but  these 
have  already  been  described  on  p.  576,  for  reasons  mentioned  there; 
hence  at  this  place  all  that  is  necessary  is  the  mention  that  animal 
and  vegetable  fats  being  the  oleates,  stearates,  and  palmitates  of  glyceryl, 
or  closely  allied  bodies,  when  treated  with  sodium  or  potassium  hydroxide, 
split  into  glycerin  and  soap;  in  other  words,  can  be  saponified.  The 
mineral  fats — petrolatum  and  similar  products — do  not  saponify  when 
treated  with  sodium  or  potassium  hydroxide.  Again,  animal  and 
vegetable  fats,  on  standing,  become  oxidized,  partially  splitting  into 
glycerin  and  the  fatty  acids,  becoming  rancid,  as  we  say. 

Petroleum  fats  do  not  tiu'n  rancid,  do  not  oxidize,  hence  oint- 
ments made  with  vaseline  and  similar  petroleum  fats  keep  indefinitely. 
Petroleum,  however,  is  not  absorbed  by  the  skin  as  readily  as  are  the 
animal  and  vegetable  fats. 

WAXES 

Among  the  derivatives  of  the  fatty  hydrocarbons  higher  than  CigHsg 
some  bodies  of  pharmaceutic  interest  are  found.  C27H56  yields  ceryl 
alcohol  or  cerotin  (C27H66OH),  while  the  body,  CsoHeiOH  or  CsiH^sOH, 
is  known  as  melissyl  alcohol  (sometimes  called  myricyl  alcohol). 

The  ultimate  analysis  of  these  bodies  containing  a  large  number  of 
carbon  atoms  does  not  enable  us  accurately  to  determine  the  formula. 
The  difference  in  the  percentage  of  carbon  and  hydrogen  in  the  bodies 
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CsoHeiOH  and  CsiHesOH  varies  so  slightly  as  to  give  rise  to  doubt  as 
to  which  is  the  exact  formula. 


Thus,  CsoHfiOH  has  the  molecular 

weight : 
Cao  =  30  X  12  =  360 
Hej  =  62  X     1   =     62 
O      -     1  X  16  -  J16 

molecular  weight,  438,  and  contains 

Carbon,      j^  X  100  =  82.19  per  cent. 

62 
Hydrogen,  j^  X  100  «  14.15  per  cent. 

Ifi 
Oxygen^      j^  X  100  =    3.65  per  cent. 

99.99  per  cent. 


While  CsiHfsOH  has  the  molecular 

weight : 
Co  =  31  X  12  =  372 
H,4  =  64  X    1  =    64 
O      =    1  X  16  =  _16 

molecular  weight,  452,  and  contains 

372 
Carbon,      ?io  X  100  =  82.30  per  cent. 

64 
Hydrogen,  ^Fo  X  100  =  14.15  per  cent. 

4o^ 
1 A 

Oxygen,      ^ko  X  100  «    3.64  per  cent. 

99.99  per  cent. 


The  difference  in  percentage  of  carbon  in  these  substances  (82.19 
per  cent,  and  82.30  per  cent.)  is  no  greater  than  the  permissible  Umit 
of  error  in  analysis;  while  the  percentage  of  hydrogen  in  the  two  is 
identical. 

The  oxidation  of  ceryl  alcohol  yields  cerotinic  acid,  C26H68COOH, 
while  the  oxidation  of  melissyl  alcohol  gives  meli&sic  acid,  C29H69COOH 
or  CsoHeiCOOH. 

These  four  bodies  are  of  interest  as  constituents  of  the  various 
waxes,  they  being  esters  of  the  two  alcohols,  .with  the  two  acids  just 
mentioned  and  other  fatty  acids. 

CERA  FLAVA— Yellow  Wax 
(Cer.  Flav. — ^Beeswax) 

A  product  obtained  by  melting  and  purifying  the  honey-comb  of  the  bee,  ApU 
mellifera,  Linn^  (Fam.  Apidce), 

Summarized  Description. 

Yellow  to  gray-Drown  solid;  agreeable  honey-like  odor;  faint  characteristic  taste; 
brittle  in  the  cold;  plastic  at  heat  of  the  hand;  insoluble  in  water;  sparingly  soluble  in 
cold  alcohol;  partly  soluble  in  hot  alcohol;  completely  soluble  in  chloroform,  ether  and 
in  fixed  and  volatile  oils:  sp.  gr.  0.950  to  0.960.     For  details  see  U.S.P.,  p.  104. 

For  teats  for  identity,  for  impurities;  fats,  fatty  acids,  Japan  wax  or  rosm  (boil  with 
solution  of  sodium  hydroxide  1  in  7  and  filter  through  asbestos;  filtrate  treated  with 
hydrochloric  acid  gives  no  precipitate). 

Soap  (boil  with  water  and  filter;  filtrate  treated  with  hydrochloric  acid  gives 
no  precipitate),  see  U.S. P. 

Ester  Number,— 72  to  77.     Details  in  Part  V. 

Composition, — ^The  official  beeswax  consists  chiefly  of  melissyl  palmi- 
tate,  C8oH6iCi«Hsi02,  meUssyl  melissate,  C80H61C80H69O2,  and  free 
cerotinic  acid. 

Yellow  wax  is  defined  as  a  concrete  substance  prepared  by  Apis 
mellifera,  and  is  a  well-known  commercial  product,  consisting  of  the 
comb  the  bee  prepared  in  which  to  store  its  honey,  and  is  supposed  to 
be  an  excretion  of  the  animal  itself. 

In  obtaining  wax  the  comb  is  taken,  drained  of  its  honey,  washed  in 
cold  water,  and  then  melted  and  strained,  the  product  being  the  bright 
yellow  solid,  of  pleasant,  aromatic  odor,  having  specific  gravity,  0.950 
to  0.960,  melting  at  63**  to  64°C. 

The  large  demand  for  wax  has  led  to  many  adulterations  of  same, 
the  favorite  sophistication  being  rosin  or  paraffin.  For  detecting  these, 
neither  the  specific  gravity  nor  the  melting-point  is  a  criterion  of  quality, 
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for  although  paraffin  has  a  lower  specific  gravity  than  that  of  wax,  and 
rosin  a  higher  specific  gravity,  a  combination  of  the  two  can  be  made 
to  possess  the  same  specific  gravity  as  pure  wax;  hence  chemical  tests 
of  the  pharmacopoeia  are  essential  for  intelligent  examination.  The  test 
for  rosin  is  that  when  a  sample  is  boiled  with  15  per  cent,  solution  of 
potassa  and  filtered,  such  filtrate  should  give  no  precipitation  on  addition 
of  acid. 

In  other  words,  wax  itself  is  unaffected  by  15  per  cent,  potassium 
hydroxide,  whereas  the  rosin  dissolves,  forming  potassium  abietinate. 
Therefore,  if  rosin  is  present,  the  filtrate  contains  this  potassium  abieti- 
nate, and  the  solution  when  treated  with  acid  precipitates  the  free 
abietinic  acid. 

If  the  alkaline  solution  is  filtered  through  paper  it  will  dissolve  some 
of  the  paper  pulp,  which  will  be  precipitated  on  addition  of  acid,  leading 
to  wrong  conclusions;  hence  the  present  pharmacopoeia  directs  filtration 
through  asbestos. 

A  useful  test  for  paraffin  is  based  on  the  fact  that  wax  is  decomposed 
by  boiling  with  sulphiu'ic  acid,  while  paraffin  remains  unchanged,  as 
explained  under  paraffin.  This  test  is  not  given  in  the  monograph  of 
the  present  pharmacopoeia;  the  absence  of  paraffin  being  determined  by 
the  ester  number.  Pure  wax  has  an  ester  number  of  from  72  to  77,  while 
paraffin  is  zero,  and  admixtures  run  somewhere  between  0  and  72. 

CERA  ALBA-White  Wax 

(Car.  Alb.) 

Yellow  Wax,  bleached 

Summarized  Description, 

Yellowish-white  somewhat  translucent  solid;  faint  characteristic  odor;  nearly 
tasteless;  free  from  rancidity;  sp.  gr.  0.950  to  0.960;  melts  between  62°  and  65^0. 
For  details  see  U.S.P.,  p.  104. 

Ester  Number,— 72  to  79.      See  Part  V. 

Acid  Vcdue,— 17  to  23.     See  Part  V. 

Remarks. — White  wax  represents  the  yellow  variety  which  has  been 
bleached  by  exposing  to  sunlight  in  thin  layers.  Chemical  methods  of 
bleached  are  sometimes  employed,  but  the  product  is  not  as  good  as  is 
the  sun-bleached.  Much  of  the  white  wax  of  commerce  is  adulterated 
with  paraffin. 

CETACEITM— Spermaceti 

(Cetac.) 

A  concrete,  fatty  substance,  obtained  from  the  head  of  the  sperm  whale,  Phys- 
eier  mctcrocephahis  I^nn^  (Fam.  Physelerida), 

Summarized  Description, 

White,  somewhat  translucent^  slightly  unctuous  masses;  scaly  crystalline  fracture; 
pearly  luster^  bland  mild  taste;  mscMuble  in  water;  almost  insoluble  in  cold  alcohol; 
soluble  in  boiling  alcohol,  ether,  chloroform,  carbon  disulphide,  fixed  and  volatile  oils; 
sp.  gr.  0.938  to  0.944;  melts  between  42*^  and  50''C.     For  details  see  U.S.P..  p.  107. 

For  tests  for  iderUily,  for  impurities:  paraffin  (dissolves  in  boiling  alcohol). 

Stearic  acid  (melt,  sh^e  with  ammonia  water  and  filter;  filtrate  not  more  than 
turbid  on  acidulation),  see  U.S.P. 

Remarks. — Spermaceti  is  obtained  from  the  whale  by  removing  from 
the  recently  killed  animal  the  oily  liquid  contained  in  a  cavity  in  the 
head.  This  oil  soon  congeals  when  it  is  submitted  to  strong  pressure. 
After  the  liquid  part  has  been  expressed,  the  press  cake,  crude  spermaceti, 
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k  purified  by  melting  in  water,  then  boiling  with  weak  alkali,  and  then 
washing  with  water. 

Spermaceti  consists  chiefly  of  cetyl  palmitate,  CuHssCuHsiOs  (p. 
651),  and  is  a  white,  somewhat  translucent  solid,  breaking  with  a  scaly 
fracture,  having  a  specific  gravity  of  0.938  to  0.944,  melting  at  between 
42  and  50°C.  It  is  a  constituent  of  cold  cream,  and  its  cUef  use  is  for 
hardening  ointments. 

Chinese  wax  is  chiefly  ceryl  cerotate,  C27H55C87H5802y  and  is  the 
secretion  from  an  insect  living  on  the  tree  Ligitotrum  Ittddum.  It  is 
frequently  confounded  with  Japanese  rvaXj  which  is  of  vegetable  origin, 
being  found  in  the  fruit  of  Rhits  succedanea, 

LEcrrmN  and  cholesterin 

These  two  substances  can  best  be  discussed  at  this  place,  since 
they  are  allies  of  fats.  Lecithin  is  a  complex  ester  of  glycerin  having 
the  graphic  formula 


CH 


OCOCxtH,. 

OCOCuHai 
*OPO(OH)CH,CH, 

(CH.)=N^«- 


On  analyzing  this  formula,  we  find  that  the  glyceryl  group  is  combined 
with  a  stearic  acid  group,  a  palmitic  acid  group,  and  a  phosphoric  acid 
group;  while  to  the  latter  is  attached  a  choline  group, 

CH,OH 

\)H. 

Barbieri  and  others  claim  that  it  is  not  a  definite  chemical  but  a  mixture  of  olein» 
stearin,  a  substance  containing  nitrogen,  sulphur  and  phosphorus,  called  ovine,  and 
cholesterol. 

Cholesterol  is  an  alcohol  having  the  formula  C27H45OH,  and,  as 
mentioned  on  p.  662  is  the  alcohol  constituent  of  the  ester,  wool-fat. 
Lecithin,  choline,  and  cholesterin  are  found  in  animal  tissue,  such  as 
the  brain,  yolk  of  egg,  and  oxgall  (p.  835). 

PhytoaieroU  are  alcohols  found  in  plants,  that  are  similar  in  composition  to  choles- 
terol. A  number  of  these  have  been  isolated  and  some  are  of  importance  by  way  of 
identifying  the  material  in  which  they  are  found,  since  they  can  be  separated  in 
characteristic  crystals.  It  now  seems  that  many  of  the  plant  resins  are  combinations 
of  phytosterols  with  the  higher  acids. 
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Japanese  TFoa;.— KOhl,  Ap.  Zt.,  22,  1907,  1137. 

JLecaWn.— Barbieri,  Comp.  rend.,  145,  1907,  133;  Riedel,  C.A.,  7,  1913,  802. 

CAofeateroL— Windhaufl,  Arch.  d.  Pharm.,  246,  1908,  123;  B.,  41,  1908,  2258  and 
42,  1909,  3770. 

PhutosteroU,^Kiohh,  C.A.,  6,  1912,  610. 
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CHAPTER  XLII 

ORGANIC  PRODUCTS  OF  INTERMEDIATE  CHARACTER 

Among  the  organic  chemicals  used  in  pharmacy  are  several  which 
can  scarcely  be  grouped  either  as  derivatives  of  hydrocarbons  of  the 
fatty  series  or  of  the  aromatic  series.  Among  these  bodies  are  classed 
the  cyanogen  bodies,  carbonic  acid  derivatives,  and  a  few  ringed  bodies 
of  character  midway  between  the  aliphatic  compounds  already  described 
and  the  aromatic  bodies. 

CYANOGEN  BODIES 

The  cyanides  can  be  considered  as  ethyl  or  methyl  derivatives  in 
which  some  of  the  hydrogen  is  replaced  by  nitrogen,  as  can  best  be  shown 
by  comparison  of  the  formulas  of  ethane  and  cyanogen. 

Ethane.  Cyanogen. 

ceen 

CEEN 

Cyanogen,  (CN)2,  was  discovered  by  Gay  Lussac  in  1815,  and  is  made 
by  heating  silver  cyanide.  It  is  a  gaseous  body  of  such  poisonous 
characteristics  as  to  render  its  manufacture  and  use  unsafe. 

A  derivative  of  same,  however,  paracyanogen,  (C2N2)8,  is  of  interest 
in  pharmacy,  as  the  black  precipitate  which  forms  in  hydrocyanic  acid 
solution  on  standing. 

Hydrocyanic  Acid  (HON). — This  substance  was  isolated  by  Scheele 
in  1782  from  oil  of  bitter  almond,  and  can  be  considered  as  naethane, 
in  which  three  of  the  hydrogen  atoms  are  replaced  by  one  of  nitrogen, 
as  shown  by  comparison  of  formulas  given  below: 

Methane.  Hydrocyanic  acid. 

.— H  ^— H 


El  Ceen 


As  mentioned  above,  it  is  one  of  the  products  found  in  volatile  oil  of 
almond,  and  a  description  of  the  process  whereby  it  is  extracted  will 
be  left  until  this  official  is  reached.     (See  p.  704.) 

It  is  prepared  by  either  of  the  processes  given  under  diluted  hydro- 
cyanic acid,  or  by  treating  chloroform  with  ammonia  gas  under  pressure, 
viz., 

CHCl,     -h     NH,     =     HCN     +     3HC1. 

Pure  hydrocyanic  acid  is  a  very  poisonous  gas,  soluble  in  water,  and  used  in 
medicine  only  in  dilute  form. 

ACroUM  HYDROCYANICUM  DBLUTDM— Diluted  Hydrocyanic  Add 
(Acid.  Hydrocyan.  DiL — Acidum  hydrocyanicum  dilutum  P.  I.) 

An  aqueous  solution  containing  not  less  than  1.9  per  cent,  nor  more  than  2.1 
per  cent,  of  HCN  (27.02)  and  not  more  than  0.1  per  cent,  of  HCl.  Presenre  it  in 
small,  dark  ambered-colored,  wellnstoppered  vials. 

Summarized  Description, 

Colorless  liquid;  bitter  almond  odor;  very  poisonous;  acid  to  litmus.  For  detafls 
see  U.8.P.,  p.  15. 
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For  tests  for  identity,  for  impurities:  Hydrogen  chloride  (modified  volumetric  test) 
and  for  assays  see  U.S. P.,  p.  15,  and  also  Part  V  of  this  book. 

Diluted  hydrocyanic  acid  is  an  aqueous  solution  contEiining  about 
2  per  cent,  of  hydrocyanic  acid  gas.  It  is  prepared  by  distiUing  a  mixture 
of  potassium  ferrocyanide  with  sulphuric  acid  and  water,  in  a  retort, 
and  diluting  distillate  until  it  is  2  per  cent,  strength. 

For  a  simple  extemporaneous  method  of  preparing  the  diluted  acid, 
however,  the  last  pharmacopoeia  directed  the  treating  of  silver  cyanide 
with  hydrochloric  acid  and  a  sufficient  quantity  of  distilled  water, 
the  advantage  of  this  process  being  that  it  does  not  require  distilling, 
the  silver  cyanide  combining  with  the  hydrochloric  acid  and  forming 
insoluble  silver  chloride,  while  the  hydrocyanic  acid  goes  into  solution. 

Dilute  hydrocyanic  acid  is  a  colorless  liquid,  which  is  not  very  stable, 
and  should  be  dispensed  only  when  comparatively  fresh;  hence  it  is 
highly  advantageous  to  follow  the  pharmacopoeial  alternative  process, 
and  manufacture  same  from  silver  cyanide. 

It  possesses  a  pungent  odor  (characteristic  of  bitter  almond  oil  or 
peach  kernel),  and  should  be  both  smelled  and  tasted  with  utmost 
caution,  even  in  the  dilute  form.     It  is  used  as  a  sedative  and  expectorant. 

Dose. — 0.1  mil  (1}^  minims). 

Mention  should  be  made  of  the  fact  that  formerly  Scheele's  hydro- 
cyanic  add  was  a  popular  form  for  administering  this  chemical.  It 
contained  5  per  cent,  absolute  hydrocyanic  acid,  and  the  confusion 
arising  from  the  use  of  these  two  strengths  of  the  acid  (5  per  cent,  and 
2  per  cent.)  was  positively  dangerous.  At  present,  however,  Scheele's 
acid  is  very  rarely  employed. 

Hydrocyanic  acid  forms  salts  with  metals,  such  products  being 
called  cyanides.  But  one  cyanide — that  of  sodium — is  official  and  this 
is  considered  among  the  sodium  compounds. 

Hydrocyanic  acid  also  forms  ester-like  compounds  with  organic  radicle.  As  an 
example  might  be  cited  methyl  cyanide,  CHsCN.  The  term  cyanide,  however,  is 
not  applied  to  these  bodies,  they  being  called  nitrHesj  and  in  these  bodies  the  radicle 
is  directly  attached  to  the  carbon  atom  and  not  to  the  nitrogen.  In  this  way  they 
differ  from  the  isonitrilesj  which  are  isomeric  bodies  in  whfch  the  radicle  is  attached 
to  the  nitrogen  instead  of  the  carbon.  The  difference  between  these  bodies  is  best 
shown  by  the  appended  graphic  formulas: 

Methyl  nitnle.  Methyl  isonitrile. 

Isonitriles  are  of  interest  onlv  as  being  exceedingly  poisonous  gases  of  disgusting 
odor,  such  as  phenyl  isonitrile,  which  is  formed  in  a  test  for  chloroform.     (See  p.  581 J 

Cyanogen  forms  compounds  with  iron,  forming  iferrocyanides  and  ferricyanides, 
according  to  the  valence  of  the  metal.  One  of  these  (potassium  ferrocyanide)  is 
official,  while  potassium  ferricyanide  is  recognized  by  the  pharmacopoeia  as  a  test 
solution.  The  former  of  these  bodies  has  been  discussed  among  the  potassium  com- 
pounds, but  this  is  the  proper  place  for  chemical  comparison  of  these  two  interesting 
substances. 

Potassium  ferrocyanide,  K4Fe(CN)«,  may  be  considered,  for  the  sake  of  remember- 
ing the  formula,  as  a  combination  of  one  molecule  of  ferrous  cyanide,  Fe(CN)^ 
with  four  molecules  of  potassium  cyanide;  that  is,  Fe(CN)j  -h  4KCN. 

Potassium  ferricyanide  can  be  considered,  on  the  other  hand,  as  a  combination 
of  ferric  cyanide  with  three  molecules  of  potassium  cyanide,  that  is,  Fe(CN)t  -H 
3KCN. 

As  in  the  case  of  the  dissection  of  the  alum  formula  (p.  492).  this  must  not  be  con- 
sidered as  meaning  that  these  two  bodies,  the  ferrocyanide  ana  the  ferricyanide,  are 
mere  mechanical  combinations  of  cyanides  of  potassium  and  iron,  for  in  both  cases 

43 
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there  is  an  intimate  combination  between  the  cyanogen  group,  the  iron,  and  the  potaa- 
sium,  as  is  best  shown  in  the  appended  graphic  formulas: 

Potassium  ferrocyanide  Potassium  ferricyanide 

K  K 


N  N 


— N— Ck  K— C— N  = 
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I       -'- 


N  N  N  N 
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As  already  mentioned  on  p.  501,  the  chief  pharmaceutic  value  of  these  two  bodies 
is  as  tests  for  the  iron  compounds,  the  ferrocyanide  giving  blue  precipitate  with 
ferric  salts  and  the  ferricyanide  giving  blue  only  with  ferrous  salts. 

Cyanic  Add  (HCNO). — This  diners  from  hydrocyanic  acid  in  containing  one 
atom  of  oxygen.  It  in  itself  possesses  no  i)harmaceutic  interest.  Its  ammonia  salt, 
however,  ammonium  cyanate,  NH4CNO,  is  of  interest  as  the  product  from  which 
urea  was  first  made  synthetically  (p.  677). 

Thiocyanic  acid,  or  suLphocyanic  acidf  HCNS^  ^rields  the  potassium  thiocyanate, 
KSCN,  which  is  recognized  in  the  pharmacopceia  in  the  form  of  a  test  solution,  it 
beins  the  most  delicate  test  for  iron,  a  drop  of  the  solution  giving  a  clear  red  tint 
to  a  liquid  containing  the  merest  trace  of  a  ferric  salt. 

Mercuric  thiocyanate,  Hg(CNS)2,  is  the  chief  constituent  of  the  dangerous  fire- 
works, ''Pharaoh's  serpents,''  these  being  a  mixture  of  mercury  salt  with  starch  or 
other  excipient,  and  wnen  ignited  it  sweUs  to  enormous  proportions^  forming  shapes 
somewhat  similar  to  serpents.  One  of  the  products  of  the  bummg,  however,  is 
hydrocyanic  acid^  and  their  use  by  children  should  be  prohibited. 

As  the  organic  cyanides  possess  isomeres  which  were  called  isonitriles,  so  thio- 
cyanic acid  possesses  an  isomere,  isothiocyanic  acid,  the  two  diiTering  in  exactly  the 
same  way  as  the  two  nitriles,  as  shown  in  graphic  formulas  given  below: 

Thiocyanic  acid.  Isothiocyanic    acid. 

H— £— |\|==-S  H— N-r  =  C  =  -rS 

The  allyl  ester  of  isothiocyanic  acid,  CsHsNCS,  is  interesting  as  the  chief  constitu- 
ent of  oil  of  mustard. 

OLEUM  SINAPIS  VOLATILE— VolatUe  OU  of  Mustard 

(OL  Sinap.  Vol.— Mustard  OU) 

A  volatile  oil  produced  synthetically  or  obtained  from  the  seed  of  Brassica  niffra 
(Linn^)  Koch  (Fam.  Crudferce)  (freed  from  fatty  oil)  by  maceration  with  water  and 
subsequent  distillation.  It  yields  not  less  than  92  per  cent,  of  allyl  iso-thiocyanate 
[CgHftSCN  =  99.12].  The  label  must  indicate  whether  the  OU  has  been  made  syn- 
thetically or  obtained  from  black  mustard.  Preserve  it  in  well-stoppered,  amber- 
colored  bottles,  in  a  cool  place,  protected  from  light. 

Summarized  Description, 

Colorless,  pale-yellow,  strongly  refractive  liquid;  very  pungent  odor;  terribly 
irritating;  sp.  gr.  1.013  to  1.020;  optically  inactive;  distils  between  148°  and  154**C. 
For  details  see  U.S.P.,  p.  302. 

For  tests  for  identity,  for  impurities.  Alcohol,  chloroform,  petroleum  or  fatty  oils 
(entire  distillate  has  the  same  specific  gravity). 

Phenols  (alcoholic  solution  not  turned  blue  with  ferric  chloride)  and  for  assay, 
see  U.S.P.,  p.  302  and  also  Part  V  of  this  book. 
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Composition. — Chiefly  allyl-isothiocyanate,  CH2  =  CH  —  CH2NCS, 
and  some  propenyl-isothiocyanate,  CH3CH  =  CHNCS. 

Remarks. — The  manufacture  of  this  volatile  oil  given  in  the  above 
official  definition  will  be  explained  below,  when  considering  constituents 
of  black  mustard.  Oil  of  mustard  is  one  of  the  most  violently  irritating 
of  volatile  oils,  even  pouring  of  the  oil  from  one  bottle  to  another  pro- 
ducing serious  irritation  to  the  mucous  membrane  of  the  eye  and  nose, 
hence  the  pharmacopoeial  caution  as  to  smelling. 

The  assay,  based  as  it  is  on  the  behavior  of  volumetric  solution  of 
silver  nitrate,  will  be  explained  along  with  that  testing  liquid  (p.  903). 

Medical  Properties, — A  powerful  irritant,  used  almost  exclusively 
externally  as  a  rubefacient. 

Dose. — 0.008  mil  (3^  minim). 

SmAPIS  NIGRA— Black  Mustard 
(Sinap.  Nig. — Brown  Mustard) 

The  ripe  seeds  of  Braasica  nigra  (Liim6)  Koch  (Fam.  CrucifercB),  without  the 

Fresence  or  admixture  of  more  than  5  per  cent,  of  other  seeds  or  other  foreign  matter. 
Reserve  powdered  Black  Mustard  in  tightly  closed  containers. 

Constituents. — Fixed  oil,  25  per  cent.,  the  glucoside,  sinigrin^  or  potas- 
sium myronate;  the  ferment,  myrosin;  mucilage,  proteids,  etc. 

Remarks. — ^Under  glucosides  (p.  640)  the  equation  showing  the 
hydrolysis  of  the  glucoside,  potassium  m3rronate,  into  glucose,  potas- 
sium bisulphate,  and  allyl-isothiocyanate  is  given.  Here  let  it  be 
added  that  the  latter  substance  constitutes  the  bulk  of  the  volatile 
oil  of  mustard.  This  oil  is  not  found  in  the  dry  seed,  but  is  produced 
when  the  dry  powder  is  moistened  with  water  by  the  reaction  between 
the  glucoside,  potassium  myronate,  and  the  ferment,  myrosin,  both 
substances  occurring  in  the  seed;  that  black  mustard  3delds  its  fixed 
oil  on  expression,  that  after  the  fixed  oil  is  pressed  out,  the  dry  squeezed 
mass,  on  moistening  with  water,  yields  volatile  oil  by  the  induced  action 
of  ferment  on  glucoside;  and,  finally,  that  the  official  volatile  oil  of 
mustard  is  obtained  by  distillation  of  the  moist  pulp. 

In  preparing  '*  mustard  leaves,"  as  they  are  usually  called,  see  mustard 
plaster  (p.  343),  the  ground  mustard  is  first  percolated  with  benzin. 
This  solvent  extracts  the  fixed  oil,  which,  if  allowed  to  remain,  would 
grease  the  paper  on  which  the  mustard  is  spread.  Mustard  plasters 
can  be  prepared  extemporaneously  by  mixing  powdered  mustard  with 
water  and  spreading  on  a  cloth.  The  water  used  in  moistening  this  or 
the  ready-made  mustard  leaves  must  be  cold,  not  hot,  as  hot  water 
destroys  the  activity  of  the  ferment,  myrosin,  preventing  the  formation 
of  volatile  oil. 

Medical  Properties. — Condiment,  emetic,  rubefacient.  Official 
preparation,  mustard  plaster  (p.  343). 

Dose. — As  an  emetic,  10  grammes  (2J^  drachms). 

SmAPIS  ALBA— White  Mustard 
(Sinap.  Alb. — Yellow  Mustard) 

The  ripe  seeds  of  Sinapia  alha  Linn6  (Fam.  Cruciferos),  without  the  presence  or 
admixture  of  more  than  5  p^r  cent,  of  other  seeds  or  other  foreign  matter.  Preserve 
powdered  White  Mustard  in  tightly  closed  containers. 

Constituents. — Fixed  oil,  25  per  cent.  The  glucoside,  sinaWin, 
C80H44N2S2O16,  which  hydrolyzes  under  influence  of  the  ferment  myrosin 
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into  dextrose,  acrinyl  svlphacyancUe,  and  sinapin  bistdphcUe  (the  last  two 
giving  white  mustard  its  activity),  proteids,  mucilage,  sinapin  stdpho- 
cyanide,  etc. 

Remarks. — It  will  be  seen  from  the  above  that  the  activity  of  white 
mustard,  like  that  of  black  mustard,  depends  on  a  sulphurated  vola- 
tile oil,  and  likewise  is  produced  by  the  hydrol3rsis  of  a  glucoside.  It 
is  important  to  note,  however,  that  neither  the  glucoside  nor  the  vola- 
tile oil  has  the  same  composition  as  those  found  in  black  mustard. 

The  powdered  English  mustard  used  as  a  condiment  possesses  a 
bright  yellow  tint,  while  the  official  mustards,  when  powdered,  are 
from  gray  to  green-brown.  The  bright  hue  of  the  English  article  is 
due  to  admixture  with  turmeric,  an  addition  that  can  scarcely  be  con- 
sidered in  this  case  as  an  adulteration. 

Medical  Properties  and  Dose. — Same  as  black  mustard. 

Carbonic  Acid  Derivatives. — As  hydrocyanic  acid  is  considered  as  a 
methane  in  which  three  of  the  hydrogens  are  replaced  by  one  nitrogen 
atom,  so  can  carbonic  acid  be  considered  as  methane,  in  which  two  of 
the  hydrogens  are  replaced  by  two  hydroxyls  and  two  by  one  atom 
of  oxygen,  while  formic  acid  can  be  considered  as  methane  in  which  one  of 
the  hydrogen  atoms  is  replaced  by  hydroxyl,  and  two  by  one  atom  of 
oxygen,  as  can  best  be  shown  by  the  graphic  formulas  given  below: 

Methane.  Caxbonic  acid.  Formic  acid. 

C— H  |%— OH  |%— OH 

Taking  the  graphic  formula  of  carbonic  acid  given  above  as  a  t3rpe,  we  find  several 
organic  bodies  which  can  be  considered  as  direct  derivatives  thereof.  For  example, 
by  replacing  two  hydroxyl  groups  by  chlorine  we  get  a  body,  COClj,  which  is  called 
carbon  oxyMaride.  or  more  generally,  phosgene.  This  body  is  made  by  oxidation 
of  chloroform  witn  chromic  acid,  ana  occasionally  chloroform  decomposes  with  its 
formation  (particularly  under  the  action  of  gas  or  lamp  light),  in  which  case  the  chloro- 
form is,  of  course^  dangerous  for  inhalation,  as  explained  on  p.  581.  The  hydro3n*l 
groups  of  carbonic  acid  can  be  replaced  by  other  bodies — ^for  example,  the  amido 
group,  NH2.  Thus,  carbonic  acid  in  which  one  of  the  hydroxyl  groups  is  replaced 
by  an  amido  group  gives  us  carbamic  acid,  while  if  the  two  hydroxyl  groups  are 
replaced  by  two  amido  ^ups,  we  obtain  urea.  This  can  best  be  explained  by 
examination  of  the  graphic  formulas  given  below: 


Carbonic  acid.  Carbamic  acid.  Urea. 

C— OH  />— NH,  />— NH, 

=0  I    =0          -  I    «0 

—OH  ^— OH  ^— NH, 


Carbamic  acid  is  of  in,terest  as  being  a  constituent  of  the  official  ammonium  car- 
bonate, as  explained  on  p.  453. 

iETHYLIS  CARBAMAS— Ethyl  Carbamate 
(iEthyl  Carbarn.) 

The  ethyl  ester  [CsHjOtN  or  CO(OC2H6)NH,=  89.07]  of  carbamic  acid.    Pnv 
serve  it  in  well-closed  containers. 

Summarized  Description. 

Colorless, 
parts  of  water, 
m  chloroform, 
p.  33.  ,  .   . 

For  teste  for  identity  and  for  impurities:  Urea  (solution  not  precipitated  by  mtne 
acid),  see  U.S. P. 
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Remarks. — This  body,  commonly  called  urethane,  is  the  ethyl  ester 

NH 

of  carbamic  acid,  the  formula  being  CO<QpTT  .    It  was  discovered 

by  Dumas  in  1833,  and  is  made  by  treating  phosgene  with  alcohol 
and  converting  the  resulting  body,  the  ethyl  ester  of  chlorocarbonic 

CI 
acid,  C)0<Qp  TT     into  urethane  by  treatment  with  ammonia  gas. 

It  is  also, prepared  by  treating  Cyanic  acid  with  alcohol: 

HCNO    +    CHiOH     -    C^<OCH. 

It  occurs  in  colorless  crystals  or  scales,  and  is  used  as  a  hypnotic. 
Dose. — 1  gramme  (15  grains). 

NHC  H 

Eupharin  is   phenyl   urethane,   shown   by  formula  CO<pwpTT     * 

It  will  be  seen  above  that  urethane  is  made  by  treatment  of  the  ethyl 
ester  of  chlorocarbonic  acid  with  ammonia  gas: 

COS3.H.    +    NH.     -     C0<OC.'h.    +    HCI. 
If,  instead  of  ammonia,  aniUne  is  used,  euphorin  results: 
CO0C.H.     +    C.H.NH,     -     COocSf '     +    HCl. 

Euphorin  is  used  as  an  antithermic,  antirheumatic,  and  antiseptic. 

Ural  is  chloral  urethane  and  is  hypnotic,  as  is  also  somnal,  ethylated 
ural,  this  being  made  by  treating  chloral  with  alcohol  and  urethane. 

Urea,  CO(NHs)s. — ^This  body  is  a  normal  constituent  of  the  urine,  and  was  found 
therein  in  1773  by  Rouelle.     Its  chief  interest  is  based  on  the  fact  that  its  manu- 


facture was  the  first  organic  synthesis  performed,  this  historic  work  being  performed 
by  Wdhler  in  1828  h^r  heating  ammomum  cyanate.     It  has  no  inte 
other  than  as  a  constituent  of  the  urine. 


interest  in  pharmacy 

By  heating  urea,  biuret  is  obtained  by  the  following  reaction : 

Two  molecules  urea.  Ammonia.  Biuret. 

NH, 


CO 
CO 


^^'     -f     heat     -     NH,     -f     ^R^NH* 
NH,  ^^<NH, 

NH,  ^'**' 


Bitarety  when  treated  with  the  proper  quantities  of  copper  sulphate  and  potassium, 
hydroxide  solutions  gives  the  characteristic  violet-red  color,  hence  the  so-ciuled  biuret 
reaction  of  urea  produced  on  heating  urine  with  these  chemicals. 

Di -ethyl  barmturic  acid  or  direlhyt-maUmylrureaia  ihelargely  used  hypnotic  t^eronoZ. 
Its  graphic  formula  is 

(.q/NH— CO\n/C,H* 


\ 


NH— CO/^^C,H, 


and  it  is  made  by  interaction  of  the  esters  of  di-ethyl-malonic  acid  with  urea  in  the 
presence  of  metallic  alcoholates.  Veronal  is  a  white  crystalline  powder,  melting  at 
188**C.  and  soluble  in  1 50  parts  of  water.     It  is  given  in  insomnia  in  5  to  16-grain  doses. 

Uric  acid  was  discovered  by  Scheele  in  1776,  and  is  found  as  a  consti- 
tuent of  the  urine  and  of  the  excrement  of  serpents.  It  is  made  synthetic- 
ally, but  the  synthesis  is  of  interest  only  as  establishing  its  graphic 
formula,  which  is  given  below. 

It  is  generally  prepared  from  guanOj  the  dried  dung  of  sea-birds. 

Uric  acid  is  interesting  to  us  because  of  the  similarity  of  its  formula 
to  that  of  the  well-known  so-called  alkaloids,  theobromine,  theophylline^ 
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and  caflfeine,  as  is  shown  by  the  comparison  of  the  four  formulas  printed 
below. 

Caffeine  is  uric  acid  in  which  three  hydrogen  atoms  are  replaced 
by  three  methyl  (CH3)  groups,  and  with  the  central  CO  group  changed 
to  CH;  while  theobromine  and  theophylline  contain  only  two  methyl 
groups  instead  of  three,  as  does  caffeine. 

Uric  acid.  Caffeine. 

H  H  CH, 

,N— C— N— />  /N C— ^N\  /^ 

y  I   f-o  ci   t_N>C° 

1-0        C— N— V  U  11  I 


•^N— CO 


J, 


\n CH  CH, 

CH, 


Theobromine.  Theophylline. 

CH,  CH, 

^N— C=N    V  ^  .N— C Njy 

To  C— NH/L^  r=0    C— NH/ 

"^NH— C  "^N— CO 

CH,  CH, 

Fischer,  in  his  classic  research  on  these  bodies,  considers  them  not  so  much  as 
allies  of  uric  acid,  but  as  derivatives  of  purine  and  of  xanthine.  His  formule  for  these 
two  bodies  are: 

Purine.  Xanthine. 

N=CH  HN CH 


H<1    l-^n^^  io   J^HH^ 

N— C— N^  H— N C=N^' 


CO 


Comparison  of  these  two  formuke  with  the  four  given  above  show  that  their  difference 
is  onw^  one  of  configuration. 

Theobromine  is  the  active  constituent  of  Tkeohroma  Cacao,  and  is  obtained  from 
the  press  cake  of  the  cacao  seed  (after  expressing  the  oil  of  theobroma)  by  mix- 
ing it  with  half  its  weight  of  slaked  lime  and  boiling  with  80  per  cent.  idcohoL 
The  crude  theobromine  obtained  from  the  alcoholic  solution  is  purified  by  reciys- 
taUization. 

Theobromine  sublimes  at  290°C.  without  melting,  and  is  so  sparingly  soluble 
in  water  that  it  has  to  be  dispensed  as  the  more  soluble  alkaline  combinations,  such 
as  sodium  theobromine.  As  these  aUcaline  bodies  are  more  or  less  irritating,  aouble 
salts,  such  as  diuretin,  are  to  be  preferred. 

CAFFEINA— Caffeine 
(CaiBEein.— Theine) 

A  feebly  basic  substance  [CgHioN40i  -f  H«OorC8H(CH,),N40i  -f  HtO  -  212.14] 
obtained  from  the  leaves  of  Thea  Hnenaia  linn^  (Fam.  TemstroRmiacecB),  or  from  the 
seeds  of  Coffea  arabica  linn^  (Fam.  Rvbiace<B) ;  also  occurring  in  some  other  plants; 
or  prepared  synthetically. 

Summarized  Description, 

White,  flexible,  silky,  glistening  needles,  usually  in  fleecy  masses;  bitter  taste; 
efflorescent;  soluble  in  about  46  parts  of  water,  in  about  53  parts  of  alcohol  also  in 
chloroform  and  in  ether;  melts  between  235^  and  237^*0.  For  details  see  U.S.P.y 
p.  85. 
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For  teats  for  identity,  for  impurities: — Organic  impurities  (does  not  color  sulphuric  or 
nitric  acid  more  than  faint  yellow).     Alkaloids  (not  precipitated  by  Mayer's  reagent). 

Color  Test — Treat  caffeine  with  hydrochloric  acid  and  potassium  chlorate. 
Dried  residue  treated  with  ammonia  fumes  turns  purple.     For  details  see  U.S.  P. 

Manufacture. — Made  chiefly  from  the  dust  and  sweepings  of  tea-leaves:  treating 
a  decoction  of  same  with  lead  acetate,  precipitating  excess  of  lead  with  nydrogen 
sulphide,  and  finally  concentrating  solution  to  point  at  which  it  crystallizes. 

It  can  also  be  made  from  tea,  coffee,  or  guarana  by  cooking  with  utharge  and  water, 
precipitating  excess  of  lead  with  hydrogen  sulphide,  and  crystallizing.  As  the  yield 
from  coffee  is  small  (0.87  to  2.0  per  cent.),  tea  sweepings  (1.5  per  cent,  to  3  per  cent.) 
or  guarana  (5  per  cent.)  are  generally  used. 

Caffeine  was  formerly  considered  an  alkaloid,  but  is  now,  as  men- 
tioned above,  considered  as  a  feebly  basic  principle.  It  differs  from 
alkaloids  in  not  being  precipitated  by  potassio-mercuric  iodidei  Like 
alkaloids,  it  forms  combinations  with  acids,  but  these  possess  such 
weak  union  that  the  pharmacopoeia,  in  the  case  of  the  one  ofhcial  acidu- 
lated compound,  that  with  citric  acid,  does  not  call  it  caffeine  citrate, 
but  citrated  caffeine. 

Dose, — 150  miUigrammes  (2J^  grains). 

CAFFEINiE  SODIO-BENZOAS— Caffeine  Sodio-Benzoate 

(Caff.  Sod.  Benz.) 

A  mixture  of  caffeine  and  sodium  benzoate.  It  contains,  when  dried  to  constant 
weight  of  80°C.,  not  less  than  46  per  cent,  nor  more  than  50  per  cent,  of  anhydrous 
caffeine  [C8HioN402  =>  194.12],  the  remainder  being  sodium  benzoate  [NaCTHsOt  » 
144.04].     Preserve  it  in  well-closed  containers. 

Summarized  Description. 

White  powder;  slightly  bitter  taste;  soluble  in  about  1.1  parts  of  water  (with  slight 
decomposition),  in  ab^ut  24  parts  of  alcohol;  partly  soluble  in  chloroform:  decomposed 
on  strong,  heat  leaving  a  residue  of  sodiiun  carbonate.     For  details  see  U.S. P.,  p.  98. 

For  tests  for  identityf  and  for  impurities:  Readily  carbonizable  organic  matter 
(does  not  color  sulphuric  acid  more  than  yellow).  Heavy  metals  (hydrogen  sulph- 
ide test),  see  U.S. P. 

Assay, — Similar  to  that  for  citrated  caffeine.     For  detaib  see  U.S.P.,  p.  98. 

Remarks. — This  new  official  caffeine  compound  contains  from  46 
to  50  per  cent,  of  that  principle  and  is  used  because  of  its  greater  solu- 
bility in  water.  It  is  therefore  used,  when  hypodermic  injections  of 
caffeine  are  indicated. 

Dose, — By  mouth,  300  milligrammes  (5  grains).  Hypodermic,  200 
milligrammes  (3  grains). 

Caffeinse  Sodio-Salicyias  (N.F.)  is  a  mixture  of  equal  amounts  of  caffeine  and 
sodium  salicylate  and  is  used  like  the  official  sodio-benzoate  preparation  described 
above. 

CAFFEINA   CITRATA— Citrated  Caffeine 

(Caffein.  Cit.) 

Caffeine  citrate  contains,  when  dried  to  constant  weight  at  80°C.,  not  less  than 
48  per  cent,  of  anhydrous  caffeine  [C8H10N4OS  —  194. 12.  J 

Condensed  Recipe, 

Dissolve  50  Gm.  citric  acid  in  100  mils  of  hot  distilled  water,  add  50  Gm.  caffeine 
and  evaporate  to  dryness  on  a  water-bath.     For  details  %ee  U.S.P.,  p.  86. 

Summarized  Description, 

White  powder;  slightly  bitter,  acid  taste:  forms  syrupy  solution  with  small  amount 
of  water,  precipitates  caffeine  on  addition  of  more  water,  but  makes  a  clear  solution 
when  more  water  is  added.     For  details  see  U.S. P.,  p.  86. 

For  tests  for  identity  and  for  impurities.  Tartaric  acid  (does  not  color  sulphuric 
acid  more  than  yellow).     Heavy  metals  (the  hydrogen  sulphide  test),  see  U.S.P. 


680  PRINCIPLES    OF   PHARMACY 

Outline  of  Assay. — Dissolve,  make  alkaline  with  sodium  hydroxide  and  "shake 
out"  with  chloroform.  The  chloroformic  solution  is  evap>orated  and  the  residue  is 
dried  and  weighed.     For  details  see  U.S. P. 

Remarks. — Citrated  caffeine,  as  given  above,  is  made  by  blending 
caffeine  with  citric  acid.  The  union  is  not  a  definite  one,  like  the  alka- 
loidal  salts,  hence  the  product  is  called  "citrated,"  and  not  "citrate  of." 

It  is  chiefly  used  for  making  the  effervescent  salt. 

Dose, — 300  milligrammes  (5  grains). 

CAFFEINA  CITRATA  EFFERVESCENS-r-Effervescent  Citrated 

Caffeine 

(Caff.  Cit.  Eff-) 

It  contains  not  less  than  1.9  per  cent,  of  anhydrous  caffeine  [CgHioNfOs  «  194.12]. 
Condensed  Recipe, 

Mix  195  Gm.  powdered  citric  acid  with  40  Gm.  citrated  caffeine  and  with  300 
Gm.  powdered  tartaric  acid.  Then  add  570  Gm.  sodium  bicarbonate,  heat  the  mixture 
on  fflass  p\a,tes  in  oven  at  93^  to  104^0.  and  when  soft,  granulate  by  rubbing  through 
a  No.  6  sieve.    For  details,  see  U.S.P.,  p.  87. 

OvUine  of  Assay, — Dissolve  about  5  Gm.  of  the  comp>ound  (accurately  weighed) 
in  water,  make  alkaline  with  sodium  hydroxide,  shake  out  with  three  portions  ot 
chloroform.  Evaporate  the  chloroformic  extract  dry  and  weigh  the  residue.  For 
details  see  U.S. P.,  p.  87. 

Remarks, — Effervescent  •citrated  caffeine  is  made  similar  to  the 
other  effervescent  salts,  viz.,  by  rubbing  the  chemical  (citrated  caffeine 
in  this  case)  with  sodium  bicarbonate,  tartaric  acid,  and  citric  acid, 
softening  mass  by  water-bath  heat,  and  granulating  by  running  through 
a  coarse  sieve.  This  product  is  a  pleasant  effervescent  remedy  for 
headache  and  nervous  disorders,  and  is  intended  to  replace  the  many 
proprietary  preparations  of  similar  character  on  the  market. 

Dose,— 4  Gm.  (60  grains). 


THEOBROMINiB  SODIO-SALICTLAS— Theobromine  Sodio- 

Salicylate 

(Theobrom.  Sodio-Sal.) 

Sodium  Theobromine  [CTHTOiNfNa  »  202.10]  and  Sodium  Salicylate,  [NaCrHfOt- 
"1  160.04]  in  ai)proximately  molecular  proportions.  It  yields,  when  dried  to  constant 
weight  in  a  desiccator  over  sulphuric  acid,  not  less  than  46.5  per  cent,  of  theobromine 
[CTHgOaN*  =  180.10].     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

White  odorless  powder;  sweetish,  saline,  somewhat  alkaline  taste:  absorbs  carbon 
dioxide  from  the  air  and  liberates  theobromine;  soluble  in  about  1  part  of  water; 
aqueous  solution  should  be  colorless  and  not  more  than  opalescent;  ignites  on  heating, 
leaving  a  residue  of  sodium  carbonate.     For  details  see  U.S. P.,  p.  440. 

For  tests  for  identity^  for  impurities:  CafiFeine  (alkaline  solution  on  shaking  with 
chloroform  and  evaporation  of  the  chloroformic  extract  leaves  not  more  than  0.5 
per  cent,  of  residue).  Sodium  carbonate  (dissolves  in  sulphuric  acid  without 
effervescence).  Organic  impurities  (the  sulphuric  acid  solution  only  faintly  colored), 
see  U.S.P. 

Outline  of  Assay. — The  sample  is  first  titrated  with  normal  hydrochloric  acid 
V.S.  The  resultins  fluid  is«allowed  to  stand  for  three  hours,  the  precipitated  theo- 
bromine is  collected,  dried  and  weighed. 

Remarks, — This  new  official  compound,  usually  sold  under  the  trade 
name,  diuretiuy  is  sodium  theobromine  salicylate,  and  is  made  by  com- 
bining one  molecule  of  sodium  theobromine  with  one  molecule  of  sodium 
salicylate.    It,  therefore,  should  contain  about  49  per  cent,  theobromine. 
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It  occurs  in  a  white  powder,  which  is  comparatively  unstable  in  air,  break- 
ing up  through  the  loss  of  carbon  dioxide,  and  for  this  reason  diuretin 
should  never  be  dispensed  in  powder  papers.    It  is  given  as  a  diuretic. 
Dose. — 1  gramme  (15  grains). 

THEOPHYLLINA— Theophylline 

* 

(Theophyll. — ^Dimethylxanthine) 

An  organic  base  [C7H,02N4  +  HsO  or  1 :  8  CsHs(CHt)rOsN4  +  H|0  -  108.12], 
isomeric  with  theobromine.  It  is  found  in  small  amounts  in  the  leaves  of  Thea 
Hnensia  Linn4  (Fam.  Temstrannuicea)  and  is  also  prepared  syntheticfdly 

Summarized  Description, 

White  crystalline  p<jwder;  bitter  taste;  soluble  in  about  100  parts  of  water  and  in 
about  65  parts  of  alcohol;  sparingly  soluble  in  ether;  melts  between  260^  and  272°C. 
For  details  see  U.S.P.,  p.  441. 

For  testa  far  identity Aor  impurities:  Caffeine  theobromine  or  paraxanthine  (soluble 
in  sodium  hydroxide  T.S.  and  in  ammonia  water).  Organic  impurities  (does  not 
color  sulphuric  acid  more  than  faint  yellow),  see  tJ.S.P. 

Remarks, — This  new  official  compound,  which  is  isomeric  with  theo- 
bromine, is  found  in  tea  but  is  usually  made  synthetically  by  methylating 
imc  acid.  It  is  a  white  crystalline  powder,  sparingly  soluble  in  water 
and  is  a  powerful  diiuretic.  One  commercial  form  is  sold  under  the  name, 
t?ieocine. 

Dose, — 250  milligrammes  (4  grains). 

GUARANA— Guarana 

A  dried  paste  consisting  chiefly  of  the  crushed  seeds  of  PauUinia  Cupana  Kunth 
(Fam.  Sapindacea),  3rielding  not  less  than  4  per  cent,  of  caffeine. 

ConstitxieTUs. — Caffeine,  usually  5  per  cent.,  paullitannic  acid,  gum, 
resin,  volatile  oil,  etc. 

Remarks, — Guarana  is  the  seed  of  PavUinia  Cupana,  ground  up, 
made  into  a  paste  with  water,  rolled  into  cylinders,  and  dried,  either 
by  the  sun  or  by  the  heat  of  a  slow  fire.  Its  manufacture  is  in  the  hands 
of  the  Brazilian  Indians,  and  is  most  primitive.  The  active  ingredient 
of  guarana  is  the  same  as  that  found  in  cofiFee  and  tea — the  official 
cafFeine.    The  pharmacopoeial  assay  will  be  explained  in  Part  V. 

Medical  Properties, — Stimulant,  somewhat  diuretic.  Administered 
in  the  form  of  the  official  fluidextrad  (p.  244),  the  elixir  is  a  popular 
preparation,  and  the  recipe  for  it  will  be  found  in  the  National  Formulary 
(p.  209). 

Dose, — Of  drug,  2  grammes  (30  grains). 

Kola  N.F.,  the  seed  of  SUrcutia  acuminatay  has  lately  come  into  popularity  as  a 
stimulant.  Kola  contains  caffeine;  theobromine;  kolatin,  CgHioOt,  crystals  that 
oxidize  to  kola  red;  kolatein,  a  phenol,  similar  to  phloroglucin. 

Coffea  Tosta  N.F.,  the  roasted  seed  of  Coffea  AraJbica,  and  tea,  the  leaves  of  Thea 
chinensiSf  also  owe  their  activity  to  caffeine. 

Chocolate,  the  ground  seed  of  Theobrama  cacao,  and  cocoa  which  represents  the  same 
seed  exhausted  of  its  fat  (see  oil  of  theobroma,  p.  659)  are  well  known  as  ingredients 
of  beverages  and  confectionery.  Besides  the  fat,  chocolate  contains  theobromine, 
pentosans,  arabinose,  galactose  and  glucose.  Ck)coa  is  now  being  used  extensively  in 
pharmacy  as  a  flavor  and  as  a  masker  of  the  taste  of  bitter  substances.  A  mono- 
graph on  cacao  prcBparata,  or  solvhle  cocoa,  is  given  in  the  National  Formulary. 

SIMPLER  RINGED  COMPOUNDS 

Up  to  this  time  we  have  considered  compounds  in  which  the  carbon 
atoms  are  linked  together,  one  after  another,  in  the  nature  of  the  links 
of  a  chain,  but  even  as  the  end  links  of  a  chain  can  be  in  turn  linked. 
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forming  an  endless  chain  or  ring,  so  can  end  carbon  atoms  under  certain 
circumstances  be  persuaded  to  link  together,  forming  organic  bodies  of 
a  ring  nature  We  have  already  discussed  the  unsaturated  chain  com- 
pound. 

Propylene,  CHi»CH — CHs,  and  from  it  can  be  made  the  isomeric  irimethylenef 
having  the  formula 


CHj CIlj. 


This  represents  the  simplest  rin^. 

In  furane,  C4H4O,  we  have  a  rme  of  four  carbon  atoms  in  which  the  end  carbon 
atoms,  however,  are  not  directly  combined,  but  are  linked  by  aid  of  an  oxygen  atom, 
as  shown  in  graphic  formula. 

In  thiophene,  C4H4S,  we  have  a  similar  body,  in  which  the  end  carbon  atoms 
are  linked  by  aid  of  the  sulphur  atom. 

Pyrrol,  G4H4NH,  is  a  similar  body  in  which  the  end  carbon  atoms  are  attached 
by  means  of  the  NH  group,  these  three  being  expressed  below  by  graphic  formulas: 


Furane.  Thiophene.  Pyrrol. 

CH  =»CHv  CH  =  CHv  CH = CH 


Nn  Y""""\ 


CH  =  Ch/  CH  =  Ch/'  CH  =  CH/ 

Of  these  three  bodies,  furane  and  thiophene  are  of  little  pharmaceutic  interest , 
the  latter  substance  being  discovered  by  victor  Meyer  as  a  constituent  of  benzene, 
with  which,  curious  to  relate,  it  has  not  merely  been  combined  without  discovery^ 
but  actually  gave  chemical  test,  which,  for  a  long  period,  masqueraded  as  a  test  for 
the  identity  of  benzene. 

Pyrrol  is  of  interest  to  us  chiefly  as  the  basis  of  one  of  the  best  known 
iodoform  substitutes,  iodoL 

lodol  (U.S.  P.  VIII)  discovered  by  Ciamician  and  Dennstedt  in  1882,  is  tetraiodopyr- 
rol,  as  shown  by  the  following  formula : 

CI=CK 

It  is  made  by  directly  combining  iodine  with  pyrrol,  and  has  the  highest  iodine 
contents  of  any  org^anic  substance  save  iodoform,  and  is  greatly  superior  to  that  body 
in  being  devoid  of  its  disagreeable  odor.     It  is  a  useful  antiseptic. 

A  body  of  composition  similar  to  pjrrrol  is  pyrazol^  and  a  derivative 
of  this,  phenyl-dimethyl-pyrazolon,  is  the  valuable  synthetic,  anii- 
pyrine.  Below  is  given  the  formula  of  each  of  these  substances  for  sake 
of  comparison: 

Pyrazolon.  Antipyrine. 

CH  =  N    V  CH,   CH, 

CHr-CCK  C N  V 

ANTIPYRINA— Antipyrine 
(Antipyr.  Phenazone) 

Phenyldimethylpyrazolon  [CuHi»N,0  or  C,HN,0(CH,)rCftH»  =  188.121.  Pre- 
serve it  in  well-closed  containers. 

Summarized  DescripHan, 

White  crystalline  powder  or  tabular  crystals;  slightly  bitter  taste;  soluble  in  leas 
than  1  part  of  water  and  in  about  one  part  of  alcohol;  in  about  1.5  parte  of  chloroform 
and  in  about  thirty  parte  of  ether;  melto  between  111**  and  113°C.  For  details  see 
U.S.P.,  p.  51. 

For  tests  for  identity  and  for  impurities  (heavy  metals)  see  U.S.P.,  p.  51,  and  also 
Part  V  of  this  book. 
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Remarks, — Antipyrine  is  made  by  treating  ethyl-diacetic-ester  with 
phenylmethyl-hydrazine.  It  occurs  in  the  form  of  a  white  powder, 
soluble  in  one  part  of  water,  and  melting  at  about  113°C.  Its  most  likely 
substitute,  antifebrin,  melts  at  about  the  same  point,  but  it  is  interesting 
to  note  that  antipyrine  mixed  with  antifebrin  does  not  melt  at  113**C., 
but  at  45**C.,  so  the  melting-point  is  a  valuable  means  of  detecting 
admixture.  When  antipyrine  is  triturated  with  sodium  salicylate  or  with 
chloral  hydrate,  it  liquefies. 

Antipjrrine  is  one  of  the  most  valuable  of  the  antipyretics,  the  con- 
sumption in  America  and  Europe  being  enormous.  It  was  not  recog- 
nized by  the  pharmacopoeia  until  the  eighth  revision,  as  it  was  a  monopoly, 
the  patent  being  controlled  by  a  German  chemical  firm.  Its  use  is  not 
free  from  danger,  hence  pharmacists  should  be  careful  in  recommending 
it.  In  fact,  it  should  not  be  administered  except  by  direction  of  a 
physician. 

Dose, — ^300  milUgrammes  (5  grains). 

The  large  demand  for  antipyrine  gave  rise  to  the  manufacture  of 
chemicals  of  similar  character.  Among  these  are  benzopyrine  (anti- 
pyrine benzoate),  salipyrine  (antipyrine  salicylate),  and  iodopyriney 
with  an  atom  of  iodine  replacing  an  atom  of  hydrogen  in  phenyl  com- 
pound.   Hyjmal  is  a  combination  of  antipyrine  and  chloral. 

We  have  just  mentioned  ring  compounds  containing  three  and  four 
carbon  atoms  respectively;  a  similar  ring  body,  containing  five  carbon 
atoms,  is  pentamethylene: 

CH, 

CH,— CH, 

This  is  of  no  interest  in  pharmacy,  and  is  merely  mentioned  as  a  step 
toward  the  ring  compounds  of  real  value — those  possessing  six  carbon 
atoms. 

The  saturated  ring  compound  having  six  carbon  atoms  has  the 
formula  CeHis. 

This  body  can  be  considered  as  hexane  (CeHi4)  (Formula  I),  with  a 
hydrogen  atom  from  each  end  carbon  atom,  which  are  then  linked 
by  the  free  bonds,  giving  the  structure  shown  in  Formula  II. 

Formula  I.  Formula  II. 

H  H 


This  body,  CeHis,  is  called  hexamethylene  or  hexahydrobenzene. 

HEXAMETHYLENAMINA— Hexamethylenamine. 
(Hexam. — Hexamethylene-tetramine) 

A  condensation  product  of  ammonia  and  formaldehyde,  hexamethylene-tetraminB 
[(CH,}eN4  «■  140.14].     Preserve  it  in  well-closed  containers. 


684  PRINCIPLES    OF   PHARMACY 

Summarized  Description, 

Colorless,  lustrous  crystals  or  white  crystalline  powder;  soluble  in  about  1.5  parts 
of  water;  in  about  ten  parts  of  alcohol  and  in  about  230  parts  of  ether;  sublimes  at 
263*'C.  without  melting,  partially  decomposing.     For  details  see  U.S.P.,  p.  212. 

For  testa  for  iderUUy  and  for  impurities  (heavy  metals,  sulphate,  chloriae,  ammon- 
ium salts)  see  U.S.P.,  p.  212  and  also  Part  V  of  this  book. 

Remarks. — While  hexamethylenetetramine  can  in  some  respects  be 
best  discussed  at  this  place,  from  the  purely  chemical  standpoint  it 
might  be  better  considered  as  a  condensation  product  of  formaldehyde, 
from  which  it  is  made.  In  truth,  it  has  but  little  in  common  with 
hexamethylene,  discussed  above,  its  structure  being  quite  different 
from  that  chemical,  its  graphic  formula  being — 


CH, 


CH,' 


It  is  known  in  commerce  as  cystogen,  fonnin,  uratropirif  etc.,  and  is 
used  as  a  uric-acid  solvent  and  urinary  antiseptic. 

Dose, — 250  milUgrammes  (4  grains). 

From  hexamethylene  (CeHw)  it  is  but  a  simple  step  (theoretically) 
to  benzene,  CeHe  (or  benzol). 

If  from  the  graphic  formula  of  hexamethylene  given  above  the  six 
hydrogen  atoms  inside  the  hexagon  are  removed,  and  freed  bonds  of 
the  carbon  atoms  are  linked,  we  get  the  formula  of  benzene: 

FORMUIiA  III. 

H 


Observe  in  the  latter  formula  we  have  a  hexagon  or  ring  of  six  carbon 
atoms,  each  Unked  to  one  neighbor  by  one  bond,  and  to  the  other  by 
two  or  by  "  a  double  bond,"  as  we  say.  We  have  stepped  from  the  fatty 
to  the  aromatic  hydrocarbons — ^from  the  chain  to  the  ring  series. 
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CHAPTER  XLIII 
THE  AROMATIC  SERIES 

BENZENE  AND  ITS  DERIVATIVES 

Up  to  this  page,  Part  IV  has  been  devoted  to  the  chain  or  fatty- 
series,  they  being  so  called  because  a  large  number  of  their  compounds 
were  of  fatty  character.  The  next  class  of  organic  chemicals  to  consider 
is  the  aromatic  series;  so  called  because,  among  them,  are  found  most  of 
the  aromatic  substances  in  general  use.  All  contain  as  a  nucleus  a  ring 
compound,  based  on  the  benzene  type  of  hydrocarbons.  For  convenience, 
those  compounds  like  benzene,  (where  the  "ring"  is  made  up  of  carbon 
atoms  only)  are  called  orthocyclic,  while  those  containing  elements  other 
than  carbon,  like  pyridine  (p.  795)  are  called  heterocyclic. 

The  graphic  formula  of  benzene  given  in  the  preceding  chapter  is 
the  one  generally  accepted,  it  answering  best  all  the  requirements  of  a 
body  having  the  formiQa  CeHe. 
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This  formula  is  the  one  suggested  by  Professor  Kekul^,  of  Bonn, 
whose  work  on  this  very  diflSicult  subject  has  given  him  a  place  among 
the  great  philosophers,  and  one  of  the  most  striking  proofs  of  the  truth 
of  Kekul^'s  formula  is  the  fact  that  it  has  withstood  the  criticism  of 
fifty  years,  and  is  more  firmly  accepted  now  than  ever  before. 

The  chief  difficulty  of  ascribing  graphic  formulas  of  the  body  CeHe 
was  found  in  reconciling  the  formula  to  the  tetravalency  of  the  carbon 
atoms.  As  shown  on  the  preceding  page,  there  is  known  a  ring  com- 
pound containing  six  carbon  atoms  united  by  single  bonds.  This  means 
two  hydrogen  atoms  attached  to  each  carbon  atom,  a  body  having  the 
formula  C6H12.  For  a  body  to  have  the  formula  CeHe  means  that  every 
one  of  the  six  carbon  atoms  will  have  one  unsaturated  bond,  a  theory 
first  advanced  by  Kekul^. 

Other  graphic  formulas  for  benzene  have  been  suggested,  and  these 
are  pictured  below.  Thus,  in  Klaus'  formula,  the  extra  bonds  of  the 
carbon  atoms  are  placed  diagonally  from  carbons  to  carbon  atom. 

Baeyer  considers  these  extra  bonds  as  gravitating  toward  the  center 
of  the  compound  without  forming  a  distinct  union  with  any  other  bond, 
while  Ladenberg  assumes  a  totally  different  form,  pictured  below  and 
called  the  prism  form : 


EekuM. 
H 

HC  CH 

HC  CH 

H 


Benzbne  Formulas. 
Klaus.  Baeyer. 


H      H 


H      H 


Ladenberg. 
HCc :CH 


Each  of  these  separate  formulas  has  its  advantages,  and  each  shows 
some  difficulties  in  reconciling  them  to  the  facts.  And,  after  all  the 
arguments  are  weighed,  the  time-honored  Kekul^  formula  seems  the 
most  satisfactory. 

Benzene  is  what  is  commercially  called  benzol,  preference  being  given 
to  the  first  name,  because  of  the  desire  to  limit  the  termination  "ol" 
to  the  alcohols.  In  this  case  the  change  is  unfortunate,  inasmuch  as  it 
leads  to  confusion  between  this  aromatic  body  and  the  official  benzin, 
which  is  a  petroleum  product,  of  character  totally  different  from  the 
benzene  of  which  we  are  now  speaking. 

Benzene  was  discovered  by  Faraday  in  1825.  It  was  found  in 
coal-tar  in  1845  by  Hoffman,  whose  researches  into  the  formation  of 
dye-stuflfs  was  a  wonderful  impetus  to  the  benzene  industry.  Benzene 
can  be  made  by  distilling  benzoic  acid  with  chalk,  but  now  practically 
the  entire  output  is  from  coal-tar,  that  side-product  in  the  manufacture 
of  coal-gas  from  which  so  many  valuable  synthetics  have  been  made 
in  recent  years. 

Benzene  in  itself  has  comparatively  limited  use,  being  employed 
almost  entirely  as  a  solvent  for  fats  and  the  like.  Its  derivatives,  how- 
ever, are  very  numerous,  and  many  of  them  of  great  commercial  value. 

The  statement  given  above  of  the  danger  of  confusion  of  benzene 
with  benzin  makes  a  simple  test  of  distinction  between  these  two  bodies 
advisable,  and  this  we  have  in  their  action  on  carbolic  acid.    Benzin 
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does  not  dissolve  phenol,  while  benzene  does.  By  treating  benzene  with 
concentrated  nitric  acid  and  subsequent  distillation  we  are  able  to  replace 
one  of  the  hydrogens  of  benzene  by  an  NO2  group,  giving  us  nitrobenzene, 
CeHfiNOs,  which  is  commercially  called  oil  of  mirbane,  and  very  errone- 
ously called  artificial  oil  of  bitter  almond,  by  reason  of  its  somewhat  similar 
odor.    Oil  of  mirbane  is  used  as  a  perfume  for  cheap  soap. 

Phenols  are  a  class  of  alcohols  peculiar  to  the  benzene  series,  the 
hydroxyl  being  attached  directly  to  the  benzene  nucleus,  and  its  simplest 
example  is  the  ordinary  phenol,  which  is  generally  known  as  carbolic 
acid,  and  which  can  be  considered  as  the  hydroxide  of  ^phenyl,  the  latter 
word  being  the  designation  of  the  radicle,  CeHs.  These  phenols  are 
like  alcohols,  inasmuch  as  they  form  ethers,  an  example  of  which  is  the 
phenyl  methyl  ether,  CeHgOCHs,  commercially  known  as  anisol,  and, 
like  the  alcohols,  form  esters,  an  example  of  which  is  the  official  salol 
(phenyl  salicylate).  However  they  are  unlike  the  primary  alcohols, 
inasmuch  as  they  do  not  oxidize  to  aldehydes,  and  in  most  reactions  will 
resemble  the  tertiary  alcohols,  it  being  a  very  difficult  matter  to  oxidize 
same,  although  ketones  are  sometimes  formed. 

As  stated  above,  the  best  known  phenol  is  what  is  known  as  carbolic 
acid,  and  this  is  called  an  ''acid"  because  it  forms  salts  with  the  alkalis. 
From  it,  for  example,  we  obtain  sodium  carbolate  (CeHsONa)  and  potas- 
sium carbolate  (CeHsOK).  It  must  be  recalled,  however,  that  even  the 
alcohols  of  the  chain  series  yield  similar  compounds,  for  instance,  sodium 
alcoholate,  C2H50Na  (p.  591).  The  carbolate,  however,  differs  from  the 
alcoholate,  inasmuch  as  this  can  be  made  from  carboUc  acid  by  simply 
treating  with  alkali,  whereas  to  make  a  sodium  comp)ound  from  alcohol 
requires  treatment  with  the  metal  itself. 

The  phenols  p)ossess  most  of  the  reactions  of  the  benzene,  nucleus 
from  which  they  are  derived;  that  is,  the  hydrogen  of  the  benzene  nucleus 
can  be  replaced  by  chlorine,  the  NO2  group,  and  the  like.  An  official 
illustration  of  such  a  modified  phenol  obtained  is  sodium  sulphocarbolate 
(p.  439). 

The  following  derivatives  of  benzene  are  of  interest  in  pharmacy: 

Phenol,  U.S.P CeHjOH. 

Liquefied  phenol,  U.S.P 87  ppr  cent,  solution  of  phenol 

Crude  carbolic  acid,  U.S.P.  1890. 

Anisol CeHfi— OCH,. 

OH 
Phenolsulphonic  acid C6H4  <sq  jj 

Trinitrophenol,  U.S.P CeHjCNOaJsOH. 

Guaiacol,  U.S.P ^•^*<0CH8. 

Guaiacol  carbonate,  U.S.P fC«H40CH,6),CO. 

Resorcinol,  U.S.P C6H4(OH)8. 

Pyrogallol,  U.S.P C.H,(OH),. 

Anilin CeHsNH,. 

Methelthionine  hydrochloride,  U.S.P CieHigNjSa.+SHsO 

Sodium  indigotin  disulphonate,  U.S.P Ci6H802N2(S08Na)2 

Acetanilide,  U.S.P C.HjNHCHaO. 

Acetphenetidine,  U.S.P C«H4  <nhC,H,0. 

PHENOL— Phenol 
(Carbolic  Acid) 

Hydroxybenzene  obtained  from  coal-tar  or  made  synthetically.  It  contains 
not  less  than  97  per  cent,  of  CeHjOH  (94.05).  Preserve  it  in  well-closed  containers, 
protected  from  light. 
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Summarized  Description. 

Colorless,  interlaced,  needle-shaped  crystals  or  white  cr3r8talline  maaaes,  sometimes 
becoming  red;  characteristic,  somewhat  aromatic  odor;  strongly  caustic,  soluble  in 
about  fifteen  parts  of  water;  very  soluble  in  alcohol,  glycerin,  ch&roform,  ether,  carbon* 
disulphide  and  in  fixed  and  volatile  oils;  melts  wnen  eently  warmed:  congeals  at 
38*^0.;  liquefies  on  addition  of  8  per  cent,  of  water.  For  details  see  U.S.P.,  p.  316. 
For  assay  see  U.S.?.,  and  also  Part  V  of  this  book. 

Remarks. — This  phenol  was  discovered  by  Runge,  in  1834,  as  a 
constituent  of  coal-tar,  from  which  it  is  separated  by  contact  with 
potassium  hydroxide  (thus  forming  potassium  carbolate);  separation 
of  the  acid  from  potassium  carbolate  by  treating  with  sulphuric  acid 
and  fractional  distillation  of  the  freed  product.  Carbolic  acid  has 
also  been  made  synthetically  from  benzene  by  conversion  of  benzene 
into  sodium  phenolsulphonate,  C^H^SOgNa,  and  fusing  this  with  sodium 
hydroxide,  when  sodium  carbolate  and  sodium  sulphite  are  produced : 

CeHsSOsNa     +    2NaOH     -     C,HsONa     +     Na,SO,     +     H,0. 

The  official  carbolic  acid  occurs  in  colorless,  needle-shai)ed  crystals 
having  a  characteristic  odor  and  sweetish  taste.  It  should,  however, 
never  be  tasted  in  concentrated  form. 

The  solubility  of  the  crystalline  carbolic  acid  is  a  matter  of  interest. 
One  hundred  parts  dissolve  ei^hi  parts  of  water  to  a  clear  liquid.  If  more 
water  be  added,  it  clouds,  since  the  acid  will  dissolve  no  more.  This 
cloudiness  is  continued  until  1500  parts  of  water  have  been  added, 
when  the  conditions  are  reversed  and  the  water  dissolves  the  acid. 

Some  of  the  crystalline  carbolic  acids,  especially  those  of  English 
manufacture,  acquire  a  reddish  tint  on  standing,  and  the  origin  of  this 
disagreeable  phenomenon  has  been  a  matter  of  considerable  discussion. 
Some  claim  that  the  nitrogen  of  the  air  acts  on  the  phenol,  forming  one 
of  the  numerous  dye-stuflfs  obtained  from  benzene;  others  think  it  due 
to  organic  impurities,  some  think  that  copper  contamination  is  the  cause; 
while  Gibbs  states  that  it  is  due  to  the  condensation  of  the  phenol  mole- 
cules to  phenoquinone  and  other  quinone  derivatives.  The  removal  of 
this  color  is  a  matter  of  considerable  difficulty;  the  only  perfect  way  is 
by  the  redistillation  of  the  phenol,  an  operation  that  cannot  be  safely 
j)erf ormed  in  the  ordinary  laboratory. 

It  must  be  borne  in  oEund  that  the  vapors  of  phenol  are  inflam- 
mable, and,  therefore,  great  care  should  be  used  in  melting  same  by  means 
of  heat;  in  fact,  the  best  way  to  melt  the  substance  is  to  dip  the  bottle  in 
heated  water  rather  than  to  heat  the  mass  direct,  even  on  a  water-bath. 

Carbolic  acid  has  a  number  of  characteristic  reactions,  among  which 
may  be  cited  the  violet-blue  color  it  gives  with  a  drop  of  ferric  chloride 
solution,  its  coagulating  action  on  albumin  and  collodion,  and  the 
yellow  precipitate  with  bromine.  The  first  two  tests  are  of  interest 
as  distinguishing  between  itself  and  creosote,  carbolic  acid  being  a  fre- 
quent substitute  for  the  more  costly  wood-tar  product.  The  bromine 
reaction  is  of  interest  as  the  basis  of  the  volumetric  estimate  of  carbolic 
acid  (see  Part  V). 

As  mentioned  above,  carbolic  acid  can  be  liquefied  by  addition  of 
8  per  cent,  of  water.  This  solution,  however,  is  scarcely  as  desirable 
as  one  Uquefied  by  an  addition  of  a  small  quantity  of  alcohol  although 
even  that  may  be  objectionable  on  account  of  possible  irritating  qualities 
of  the  alcohol.  This  solution,  the  so-called  95  per  cent,  carbolic  acid, 
is  what  is  generally  dispensed  in  answer  to  calls  for  pure  carbolic  acid 
instead  of  the  crystals  themselves.     The  extended  use  of  this  95  per  cent. 
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carbolic  acid  by  suicides,  and  the  abnost  invariable  fatal  results  from  use 
in  this  way,  has  brought  about  legislation  in  several  parts  of  this  country 
prohibiting  its  sale  except  upon  a  physician's  prescription. 

Carbolic  acid  is  one  of  the  most  valuable  of  all  antiseptics,  its  germi- 
cidal action  being  due  to  the  fact  that  it  coagulates  albimiin.  In  full 
strength  it  is,  as  mentioned  above,  a  very  caustic  poison.  The  antidotes 
are  syrup  of  lime,  or  a  tumblerful  of  solution  of  potassium  permanganate, 
1  in  1000,  or  gastric  lavage  with  10  per  cent,  alcohol.  For  phenol  burns, 
the  skin  should  be  washed  with  alcohol,  ether,  glycerin,  or  oils.  The  latter 
should  never  be  used  internally  as  an  antidote. 

The  official  preparations  of  carboUc  acid  are  a  2.26  per  cent,  ointment 
and  the  glycerite,  which  contains  20  per  cent,  of  phenol.  In  some 
sections  carbolic  oil,  made  by  combining  phenol  with  either  olive  oil  or 
cotton  seed  oil,  in  proportions  from  one  to  nineteen,  is  a  favorite  remedy 
for  cuts  and  sores.  The  National  Formulary  recognizes  this  preparation 
under  the  title.  Oleum  phenolatum. 

Dose. — 60  milligrammes  (1  grain). 

PHENOL  LIQUEFACTUM— Liquefied  Phenol 
(Phenol  Liq. — ^Liquefied  Carbolic  Acid) 

A  liquid  containing  not  less  than  87  per  cent,  of  CeHsOH  (94.05). 

Condensed  Recipe. 

Liquefy  phenol  by  heating  an  uncorked  container  on  a  water-bath,  then  add  one 
part  of  distilled  water  to  eacn  nine  parts  of  phenol.     For  details  see  U.S. P.,  p.  317. 

Summarized  Description, 

Colorless  liquid,  sometimes  turmng  red  on  standing;  characteristic,  somewhat 
aromatic  odor;  very  caustic,  whitening  skin  and  mucous  membrane;  miscible  with 
alcohol,  ether  or  glycerin;  miscible  with  water  only  after  admixture  with  glycerin; 
sp.  gr.  1.066;  boils  not  higher  than  182**C.     For  details  see  U.S.P.,  p.  317. 

For  tests  for  identity,  for  impurities  and  for  assay j  see  phenol  and  also  Part  V  of  this 
book. 

Remarks, — ^As  mentioned  under  Phenol,  that  chemical  forms  a 
permanent  liquid  by  the  addition  of  from  8  to  10  per  cent,  water,  and 
this  liquid  has  been  given  pharmacopoeial  recognition.  Its  use  is,  of 
course,  the  same  as  phenol. 

Dose, — 0.05  mil  (1  minim). 

Phenol  lodatum  (N.F.),  or  iodized  phenol^  is  made  by  warming  together  iodine 
(20  per  cent.),  phenol  (60  per  cenU)  and  glycerin. 

Liquor  lodl  Phenolatis  (N.F.),  or  BouUon's  soluiionj  is  a  colorless  mixture  made 
from  liquefied  phenol  (6  mils  to  the  liter)  compound  solution  of  iodine,  glycerin  and 
water.  Phenol  being  an  unsaturated  body,  absorbs  the  iodine  even  as  benzene  does, 
and  the  iodine  compound  is  colorless. 

Acidum  Carbolicum  Crudum  (U.S.P.  1890). — Crude  carbolic  acid  m  a  liquid  con- 
sisting of  various  constituents  of  coal-tar  obtained  by  fractional  distillation.  The 
official  crude  carbolic  acid  is  a  nearly  colorless  or  reddish  or  brownish-red  liquid, 
and  possesses  a  characteristic  odor.  The  true  carbolic  acid  ordinarily  sold  in  stores 
represents  a  very  dirty  black  liquid,  which  has  but  little  value,  as  it  is  notoriously 
-weakened  by  addition  of  water.  Crude  carbolic  acid  is  used  entirely  as  a  disinfectant, 
for  which  purpose  it  is  better  than  the  crystals,  because  it  contains  a  large  quantity 
of  cresol  in  addition  to  its  chief  constituent,  phenol. 

Anisol,  CeHjOCHj,  as  mentioned  above,  is  phenylmethjrl-ether.  We  have 
already  learned  that  if  methyl  alcohol  and  ethyl  alcohol  are  combined  in  the  presence 
of  sulphuric  acid,  there  will  be  yielded  methyl-ethyl-ether,  and  in  the  same  way  if 
methyl  alcohol  and  phenol  are  mixed  in  the  presence  of  sulpnuric  acid,  methylphenyl- 
ether,  or  anisol,  is  produced.  As  its  name  suggests,  it  can  be  derived  from  oil  of  anise. 
During  the  European  War,  anisol  was  found  to  be  a  valuable  remedy  for  body  vermin. 

Ab  the  considelration  of  methyl  salicylate  was  deferred  until  we  had  discussed 
salicylic  acid,  it  is  consistent  to  refer  the  official  phenyl  salicylatey  or  salolf  to  the  same 
bea<ung. 

44 
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TRmiTROPHENOL— Trinitrophenoi 
Trinitrophen. — Picric  Acid) 

Tiinitrophenol  [C»H,07N,  or  CeHjCOH) (NO j)i  1 :2  :4:6 =229.06.]  Preserve  it 
in  well-stoppered  bottles,  in  a  cool  place,  remote  from  fire. 

CaiUion. — For  safety  in  transportation  it  is  usuallv  mixed  with  about  20  per  cent, 
of  water.  Before  appljring  the  tests  described  below  dry  the  Trinitrophenol  to 
constant  weight  in  a  desiccator  over  sulphuric  acid. 

Summarized  Description. 

Pale-yellow,  rhombic  prisms  or  scales;  intensely  bitter  taste;  explosive;  soluble 
in  about  78  parts  of  water,  in  about  10  parts  of  alcohol,  and  also  in  chloroform,  ether 
and  benzene;  melts  between  121®  and  123®C.     For  detsiils  see  U.S.P.,  p.  471. 

For  tests  for  identity  and  for  impurities  (sulphate)  see  U.S. P.,  and  also  Part  V  of 
this  book. 

Remarks.— ThiB  substance  is  phenol  in  which  three  of  the  hydrogen 
atoms  of  the  benzene  nucleus  are  replaced  by  NO2  groups,  these  groups 
replacing  the  hydrogen  attached  to  carbon  atoms  one,  two,  and  four 
respectively. 

At  this  place  it  might  be  stated  that,  for  pm-poses  of  convenience, 
chemists  have  numbered  the  carbon  atoms  of  the  benzene  ring  as  shown 
below: 

Benzene.  Picric  acid. 

H  NO, 

/    'D    \  ^    (1)    \ 

HC(6)       (2)0H  HOC'fi)       (2)CN0, 

HC'5)       (3)fcH  HCfS)       (3)CH 

\,  (4)     /  \^  (4) 

H  I 

NO, 

Picric  acid  is  made  by  treating  trinitrobenzene  with  potassium  ferri- 
cyanide.  It  appears  in  bright  yellow  crystals,  soluble  in  water,  having 
a  strong  acid  character,  and  very  explosive,  hence  should  be  handled  by 
the  pharmacist  with  the  utmost  care.  It  is  used  as  a  dye  for  silk,  as 
an  explosive  and  as  reagent  for  alkaloids,  albumin  and  sugar.  In 
medicine,  it  is  used  occasionally  as  an  antiperiodic,  while  a  2  per  cent, 
hydro-alcoholic  solution  is  now  quite  popular  as  an  application  for  burns. 

Dose. — 30  milligrammes  (J^  grain). 

Sulphocarbollc  acid  (or  phenol  sulphonic  acid)  is  a  body  prepared  by  treating 
carbolic  acid  with  sulphuric  acid.  Its  composition  is  best  understood  from  the 
graphic  formula: 

OH 

HC         CH 
HC  CH 

\c/ 

SO3H 

The  official  sodium  salt  of  this  acid  is  made  by  treating  mixture  of  sulphuric 
acid  and  carbolic  acid  with  barium  carbonate^  whereby  solution  of  barium  sulpho- 
carbolate  is  produced,  and  this  solution,  on  bemg  treated  with  a  molecular  quantity 
of  sodium  carbonate,  produces  sodium  sulphocarbolate.  while  the  barium  is  pre- 
cipitated as  barium  caroonate.     (See  Sodium  Compounds,  p.  439.) 
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Soziodol  represents  sulphocarbolic  acid  in  which  two  of  the  hydrogen  atoms 
of  the  bensene  nucleus  have  been  replaced  by  iodine,  and,  indeed,  those  hydrogens 
attached  to  the  carbon  atoms  numbers  two  and  six. 

This  is  used  as  an  antiseptic  in  the  form  of  ammonium,  barium,  lead,  and  other 
metallic  salts. 

Sozol  is  a  trade  name  for  aluminum  sulphocarbolate. 

Aseptol  is  an  aqueous  solution  of  orthosulphocarbolic  acid.  This  body  differs 
from  sulphocarbolic  acid,  mentioned  above,  in  having  the  hydroxyl  and  sulphonio 
acid  (SOsH)  groups  on  adjoining  carbon  atoms,  this  distinction  between  ortho-, 
meta-,  and  para-compounds  being  reserved  for  discussion  later. 

DIATOMIC  PHENOLS 

As  we  already  learned  when  considering  the  fatty  series,  besides 
alcohols  containing  one  hydroxyl,  similar  bodies  have  been  found  con- 
taining two,  three,  and  even  more  hydroxyls,  these  being  examples 
of  polyatomic  alcohols.  Thus,  glycerin,  which,  it  will  be  recalled,  has 
the  formula  C3H6(OH)8,  is  a  polyatomic  alcohol.  In  the  same  way  we 
can  have  polyatomic  phenols. 

The  simplest  of  these  phenols  are  the  diatomic — ^those  possessing  two 
hydroxyl  groups.  The  direct  benzene  derivatives  of  this  class  have 
the  formula  C6H4(OH)j,  and  with  this,  as  with  all  di-derivatives  of 
benzene,  we  have  three  types,  based  on  the  relative  positions  of  the  two 
substituted  radicles.  Taking  C6H4(OH)2  as  example,  we  can  best  explain 
the  three  modifications  by  the  graphic  formulas  given  below: 


Or^Ao-dioxbezene. 

Af  eto^oxy  ben  zene. 

Paro-dioxybenzene 

COH 

COH 

COH 

/\ 

y\ 

/^\ 

HC(6)    (2)C0H 

HCC«)    (2)CH 

Hd(6)    •2)CH 

HC(5)    '3)CH 

HC(5)    f3)CoH 

HC(5)    (3)CH 

\,  4)  / 

V 

\(4)/ 

y 

COH 

U 

H 

Pyrocatechin  or  catechol. 

Resorctn  or  reBorctnoI. 

Hydroqtunone  or  quinol 

It  will  be  seen  that  the  ortho-body  is  one  in  which  the  two  hydroxyl 
groups  are  on  adjoining  carbon  atoms;  the  metor  is  the  one  in  which 
one  carbon  atom  intervenes  between  the  two  hydroxyl  groups  on  one 
side,  and  three  on  the  other,  whereas  the  parorcompounds  have  two 
carbon  atoms  intervening  between  the  hydroxyl  groups. 

Possibly  a  clearer  explanation  of  this  is  by  numbering  the  carbon 
atoms  as  above,  and  sa3dng  that  in  the  ortho-body  the  hydroxyl  groups 
are  attached  to  carbon  atoms  number  one  and  two;  in  the  meta-,  the 
hydroxyl  groups  are  attached  to  carbon  atoms  number  one  and  three; 
and  in  the  para-bodies,  the  hydroxyl  groups  are  attached  to  carbon  atoms 
number  one  and  four. 

It  is  hardly  necessary  to  note  that  this  numbering  is  purely  arbitrary,  and  that 
a  benzene  in  which  two  radicles  are  attached  to  carbon  atoms  four  and  five  would  be 
as  much  ortho-  as  is  that  )ittached  to  one  and  two  as  given  above. 

Of  the  three  diatomic  phenols  having  the  formula  C6H4(OH)2,  the 
ortho-compound  is  called  pyrocatechin;  the  meta-,  resorcin,  and  the  para-, 
hydroquinone. 

Pyrocatechin,  obtained  by  destructive  distillation  of  catechin,  is  a 
constituent  of  catechu,  U.S.P.  1890.  It  is  of  no  pharmaceutic  value. 
The  methyl  ether  of  same,  however,  is  guaiacol. 
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GUAIACOL— Guaiacol 

The  monomethyl  ether  [CtHsO,  or  CeH4(0H)0CH,>  1:2  =  124.06],  or  ortho- 
dihydroxybenzene,  obtained  from  wood-tar  creosote  or  prepared  synthetically. 
Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Descnption. 

CJolorless  or  yellowish,  strongly  refractive  liquid  or  crystalline  solid:  agreeable 
aromatic  odor;  turns  darker  in  exposure  to  light;  soluble  in  about  53  parts  oi  water  and 
in  about  one  part  of  glycerin;  miscible  with  alcohol,  chloroform  ether  or  acetic  acid ;  sp. 
gr.  of  liquid  form,  1.112  to  1.114;  melting  point  of  solid  form,  28°C.;  at  least  85  per 
cent,  distils  between  200**  and  210^C. 

For  tests  for  identity  and  for  impurities. 

Oily  hydrocarbons  (alkaline  solution  should  not  be  turbid)  see  U.S.P.,  p.  210  and 
also  Part  Y  of  this  book. 

Remarks, — This  substance  can  be  made  synthetically  by  cooking 
pyrocatechin  with  a  mixture  of  potassa  and  potassium  methyl  sulphate, 
although  it  is  usually  prepared  commercially  by  the  rectification  of 
creosote. 

Guaiacol  is  one  of  our  most  valuable  internal  antiseptics,  and  for  this 
purpose  is  used  both  in  tuberculosis  and  also  in  intestinal  troubles.  * 

Dose, — 0.5  mil  (8  minims). 

GUAIACOLIS  CARBONAS— Guaiacol  Carbonate 

(Guaiacol.  Carb.) 

A  guaiacol  derivative  [(C7H70)2COa  or  (C«H4(0CH,)0),. CO  =274.11]. 

Summarized  Description, 

Crystalline  powder;  odorless  and  tasteless  or  else  slightly  aromatic;  soluble  in 
about  48  parts  of  alcohol,  in  abouts  1.5  parts  of  chloroform  and  in  about  13  parts  of 
ether;  slightly  soluble  in  glycerin  and  fixed  oils;  quite  soluble  in  benzene;  melts  be- 
tween 83^  and  87**.     For  details  see  U.S.P.,  p.  210. 

For  tests  for  identity j  for  impurities  see  guaiacol  (the  guaiacol  being  separated 
from  the  carbonate  by  saponification.) 

Remarks, — This  solid  derivative  of  guaiacol  is  known  as  duotal.  Its 
use  is  similar  to  guaiacol,  over  which  it  possesses  the  advantage  of  being 
less  irritating. 

Dose, — 1  gramme  (16  grains). 

OCH 
Benzozol,  C6H4  <q^qA  -a    is  the  benzoic  acid  ester  of  guaiacol,  and  is  used 

like  it. 

RESORCINOL— Resorcinol 
(Resorcin. — Resorcin) 

Metadihvdroxybenzene.  It  contains  not  less  than  99.5  per  cent,  of  C»H4(0H)t 
1 :3  (110.05).     Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description, 

Colorless,  needle-shaped  crystals  or  colorless  i)owder:  peculiar  odor;  sweetish,  then 
bitter  taste;  turns  pink  on  exposure  to  light  and  air;  soluole  in  about  0.9  part  of  water 
and  in  about  0.7  part  of  alcohol;  quite  soluble  in  glycerin  or  ether,  slightly  soluble  in 
chloroform;  melts  between  109*  and  111°C.     For  details  see  U.S.P.  p.  360. 

For  tests  for  identity  andfortmpurttie«:  Catechol  (no  precipitate  with  lead  acetate) 
see  U.S.P.,  p.  360. 

This  body,  metadihydroxybenzene,  was  discovered  by  Hlasiwitz 
in  1864,  who  obtained  it  by  fusing  galbanum  with  potassa.  It  can  be 
made  in  the  same  way  from  other  gum-resins,  such,  for  example,  as 
asafetida,  and  is  now  prepared  synthetically  by  fusing  metadisidphon- 
benzene,  C6H4(S03H)2,  with  potassa. 
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Resorcinol  occurs  in  white,  feathery  crystals,  turning  pinkish  on 
exposure  to  air;  soluble  in  water,  alcohol,  and  ether.  It  is  used  chiefly 
externally  in  some  forms  of  skin  troubles  because  of  its  antiseptic  action. 
Of  late  it  has  had  considerable  vogue  as  a  cure  for  dandruff.  When  taken 
internally,  it  possesses  antipyretic  properties. 

Dose. — 125  milligrammes  (2  grains). 

Euresolf  or  resorcin  monoacetate  has  been  recommended  in  dermatology  and  for 
use  in  hair  tonics. 

Thioresorcinj  CcH40sS2^  was  suggested  as  an  iodoform  substitute,  but  has  been 
abandoned  on  account  of  its  harmml  action. 

Resopyrin  represented  a  fused  mass  of  resorcinol  with  antipyrin,  and  was  used 
as  an  antipyretic. 

Resorcinol  is  made  by  fusing  iodoform  with  resorcin.  The  name  of  this  is  un- 
fortunate, inasmuch  as  the  word  resorcinol  is  the  correct  modem  appellation  for 
resorcin  itself. 

Hydroquinone  is  the  paradioxy-deiivative  of  benzene,  and  is  obtained  by  oxida- 
tion of  cinchonic  acid.  It  is  also  obtained  by  hydrolysis  of  the  glucoside  arbutin 
(p.  640).  It  has  practically  no  medicinal  application,  although  very  largely  used  in 
photography. 

Triatomic  phenols  of  benzene  have  the  formula  CeHs(OH)s.  As 
there  were  three  diatomic  phenols,  so  there  are  three  bodies  with  the 
formula  (C6H8(OH)8,  and  the  graphic  formulas  of  these  are  given  below: 

Vicinal  trioxy-  Symmetric  trioxy-  Asymmetric  trioxy- 

benzene.  benzene.  oenzene. 

COH  COH  COH 

^\  /\  /\ 

HC(6)     (2)C0H  HC(6)     (2)CH  HC(6)     (2)C0H 

HCC5)     (3)C0H  H0C(5)     (3)C0H  HC(6)     (3)CH 

\(4)/  "^S^K^  ^v^^^/ 

Y  V  y 

H  H  .  OH 

Pyrogallol.  Phloroglucin.  Ozyhydroquinone. 

As  will  be  noticed,  in  the  vicinal  form,  the  three  hydroxyl  groups  are 
on  adjoining  carbon  atoms;  in  the  symmetric,  the  hydroxyl  groups  are 
each  separated  from  the  other  by  an  interposed  carbon  atom;  while  in 
the  asymmetric  two  are  on  adjoining  carbon  atoms  and  the  other  is 
separated  by  an  interposed  carbon  atom. 

In  explaining  it  in  the  numeric  way,  in  the  vicinal  the  hydroxyl 
groups  are  on  carbon  atoms  1,  2,  and  3;  in  the  symmetric,  they  are  on 
carbon  atoms  1,  3,  and  5,  and  in  the  asymmetric  they  are  on  carbon 
atoms  1,  2,  and  4. 

As  the  classification  for  the  ortho-,  meta-,  and  para-compounds  applies 
to  all  di-derivatives  of  benzene,  so  also  the  classification  of  the  vicinal, 
synmietric,  and  asymmetric  appUes  to  all  tri-derivatives  of  benzene. 

As  noted  above,  the  three  tribasic  phenols  are  called  pyrogallol, 
phloroglucin,  and  oxyhydroquinone  respectively. 

PYROGALLOIr-Pyrogallol 
(Pyrogall. — Pyrogallic  Acid) 

Trihydroxybenzene  [CeHaCOH),  1:2:3  =  126.061).  Preserve  it  in  well-closed 
containers,  protected  from  light. 

Summarized  Description, 

White  or  nearly  white  laminse  or  fine  needles;  bitter  taste;  turns  grayish  on  exposure 
to  light  and  air;  soluble  in  about  1.7  parts  of  water,  in  about  one  part  of  alcohol  and  in 
about  1.1  parts  of  ether;  melts  between  120''  and  133°C.  For  details  see  U.S.?.,  p. 
348. 
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Remarks. — Pyrogallol  is  what  is  commercially  called  pyrogallic  acid, 
and  was  discovered  by  Scheele  in  1786.  It  is  made  by  strongly  heating 
gallic  acid,  hence  the  name,  pyrogallic  acid;  the  prefix,  pyroy  as  explained 
on  p.  429,  communicating  the  idea  that  the  body  has  been  produced  by 
strong  heat. 

As  will  be  explained  under  gallic  acid,  the  heating  of  that  product 
causes  the  loss  of  CO2,  with  formation  of  the  official  pyrogallol. 

Pyrogallol  is  in  light  white  needles,  becoming  gray  or  darker  on  ex- 
posure to  air  and  light.  It  is  soluble  in  1.7  parts  water  and  one  part 
alcohol;  melts  at  between  129^  and  133^C.,  subliming  at  the  same  time. 

Pyrogallic  acid  is  one  of  the  most  valuable  reducing  agents,  having 
such  strong  afiinity  for  oxygen  that  one  volume  of  2^  per  cent,  alkaline 
solution  absorbs  14  volumes  of  the  gas,  and  for  this  reason  it  is  used  as  an 
absorber  in  gas  analysis.  Its  reducing  action  makes  it  valuable  as  a 
developer  in  photography,  and  it  has  of  late  been  considerably  used  as 
one  of  the  constituents  of  that  class  of  hair-dyes  producing  auburn  or 
chestnut  tints.  These  dyes  consist  of  two  solutions,  one  of  either  copper 
or  nickel  salts,  and  the  other,  pyrogallol,  and  when  the  hair  is  moistened 
with  the  solution  of  metallic  salt  and  then  treated  with  p3rrogallol  solu- 
tion, a  literal  "copper  plating"  takes  place. 

Pyrogallol  is  used  externally  in  skin  troubles,  but  should  be  applied 
only  under  the  direction  of  skilled  physicians,  as  it  is  decidedly  irritating 
in  action. 

Phloroglttcin,  CeHsCOH)  s  1:3:5,  is  made  by  fusing  kino  with  potassa  or  resoicin 
with  soda.    It  is  of  no  phannaceutic  value  save  as  a  test  for  wood-paper  (p.  632) . 

Oxyhvdroquinone,  C6Hs(0H)a  1:2:4,  is  an  oxidation  product  of  quinine,  but  of  no 
value  either  in  medicme  or  pharmacy. 

The  amido  derivatives  of  benzene  are  of  almost  equal  importance  to 
the  hydroxyl  derivatives,  C6H6NH2  being  the  well-known  aniline. 

Aniline  was  discovered  as  a  distillation  product  from  indigo  by  Helot 
in  1740;  its  presence  in  coal-tar  was  demonstrated  by  Runge  in  1824; 
while  Fritsche  investigated  the  coal-tar  derivative  in  1841,  foimd  it 
identical  with  the  product  from  indigo  and  called  it  aniline,  from  the 
Portuguese  name  for  indigo,  ''anil."  The  chemistry  of  the  subject  was 
not  made  perfectly  clear  until  Hoffman's  investigations  of  1843,  and  the 
further  researches  of  this  master  gave  rise  to  our  present  dye-stuflf  in- 
dustry, with  its  enormous  capital  and  its  far-reaching  influence. 

While  the  first  aniline  dye-stuff,  mauvein,  was  manufactured  by 
Perkin  in  1856,  it  was  not  until  1864  that  the  manufacture  of  aniline 
reached  a  commercial  basis,  and  in  that  year  the  first  aniline  factory  was 
established.  While  aniline  itself  is  a  constituent  of  coal-tar,  it  has  been 
found  simpler  to  convert  the  benzene  distillate  of  coal-tar  into  the  body 
by  first  changing  same  into  nitrobenzene,  C6HbN02,  and  reducing  this 
to  aniline,  C6H5NH2,  by  treating  with  hydrochloric  acid  and  iron  filings. 
The  product  of  the  reduction  is  then  distilled  with  steam  and  purified 
by  repeated  distillation  if  necessary. 

Aniline  is  a  straw-colored  liquid  possessing  a  peculiar  aromatic  odor, 
somewhat  similar  to  benzene;  soluble  in  31  parts  of  water  and  is  neutral 
to  litmus-paper.  It  possesses  valuable  solvent  properties — dissolving 
indigo,  for  instance.  Its  reactions  are  manifold,  they  leading  to  that  ex- 
ceedingly valuable  class  of  compounds,  the  dye-stuffs,  which  at  present 
have  assumed  such  proportions  as  to  make  their  study  a  science  in  itself, 
and  far  beyond  the  scope  of  this  work. 
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Aniline  dyes  (so  called)  are  not  all  simple  derivatives  of  aniline.  In 
fact,  among  the  thousands  of  these  dyes  that  are  now  so  important  a 
factor  in  the  world's  commerce,  but  few  of  them  are  really  obtained 
directly  from  aniline.  A  discussion  of  these  dyes  is  beyond  the  limits  of 
this  book  but  there  are  a  few  that  must  be  discussed  because  of  their 
pharmaceutic  significance  and  all  of  these  will  be  considered  in  this 
chapter. 

METHTLTHIONINiE  CHLORmUM— Methylthionine  Chloride 

(Methylthionin.  Chlor. — Methylthionince  Hydrochloridum,  U.S.P.  VIII 

—Methylene  Blue) 

Tetramethylthionine  chloride  [CuHigNsClS  +  3H,0  «  373.75]. 

Summarized  Descriptum. 

Dark-green  crystalline  powder  or  prismatic  crystals  with  bronze-like  luster;  solu- 
ble in  water,  alcohol  and  chloroform^  forming  blue  solutions;  aqueous  solution  lessened 
in  color  by  addition  of  hydrochlonc  acid,  and  is  turned  purple  by  sodium  hydroxide 
with  eventual  precipitation;  zinc  and  diluted  sulphuric  acid  reduce  it  to  a  colorless 
compound.     For  details  see  U.S.P.,  p.  273. 

For  teats  for  identity  and  for  impurities:  Dextrin  (not  more  than  1  per  cent,  insoluble 
in  boiling  alcohol).  Arsenic  and  zinc  (usual  tests)  see  U.S.P.  and  also  Part  V  of  this 
book. 

Remarks, — The  manufacture  of  methylene-blue  opens  up  the  complex 
question  of  synthetic  aniline  dyes.  Aniline  (Formula  I)  can  be  converted 
into  paraphenylenediamine  (Formula  II),  and  this  in  turn  can  be  methy- 
lated to  dimethylparaphenylenediamine  or  para-amidodimethyl  aniline 
(Formula  III).  When  this  substance  is  treated  with  hydrogen  sulphide 
and  ferric  chloride,  two  molecules  condense  and  add  sulphur  (Formula 
IV),  forming  one  molecule  of  methylene-blue  (Formula  V). 

Formula  I.  Formula  II.  Formula  III. 

CeHtNHj  C.H4(NH,)  HaN-<}.H4— N(CHa), 

Amline.  -phenylenediamine.        Dimethylparaphenylenediamine. 

Formula  IV.  Formula  V. 

H,N.  CeH4N(CH,)2  CeHr--N(CH,)» 

HHNC6H4N(CH,)2  /         \ 

Condensation  of  dimethylpaxapheny  ^  S 

enediamine  (ammonia  splits  off) . 


^CH./ 


N(CH,),C1 


Methylene-blue. 

The  commercial  methylene-blue  is  a  double  salt  of  the  pure  dye  with 
zinc  chloride,  hence  must  not  be  used.  This  explains  the  test  for  its 
presence  given  in  the  pharmacopoeia. 

Methylene-blue  is  used  as  an  antiseptic  in  gonorrhea.  It  is  very  dis- 
agreeable to  handle,  because  it  stains  everything  with  which  it  comes  in 
contact  a  tenacious  blue,  which  washing  in  water  or  alcohol  will  eventually 
remove. 

Dose. — 150  milligrammes  (23^  grains). 

Indigo  is  an  important  dye-fltu£f  originally  obtained  from  plants  of  the  Indigo^ 
fera  species.  It  is  now  made  synthetically  upon  a  commercial  scale  by  the  reduc- 
tion of  ortho-nitro-phenyl-propiolic  acid  with  glucose  or  with  xanthogenates.  The 
acid  just  mentioned  is  derived  from  cinnamic  acid  and  iA  order  to  show  the  structure 
of  indigo,  the  synthesis  will  be  shown  by  formulse  below : 

Ortho-nitroHsinnamic  Ortho-nitro-phenyl- 

Cinnamic  acid.  acid.  propiolio  acid. 

NO,  NO2 

CHjCH  -  CH  COOH— C«H4CH  =  CH— COOH— C6H4C  s  C  COOH 
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From  two  molecules  of  the  latter  acid  by  reduction  is  obtained  one  molecule  of 
indigo;  the  graphic  formula  of  which  is: 

C6H4<r       yc  =  C<^        ^C.H4 

SODn  INDIGOTINDISULPHONAS— Sodium  Indigotindisulphonate 

(Sod.  Indigotin. — Indigo  Carmine) 

Chiefly  the  sodium  salt  [CieHgO^NsCSOsNa)!  -  466.22]  of  indigotindisulphonic 
acid. 

Summarized  Description. 

Blue  powder  or  dark  pun^le  paste  with  coppery  luster  when  dry  and  compressed; 
sparingly  soluble  in  water,  giving  a  dark  blue  solution;  almost  insoluble  in  alcohoL 
For  details  see  U.S.P.,  p.  391. 

For  teats  for  identity^  for  impurities:  Starch  or  starch  iodide  (aqueous  solution 
bleached  with  bromine  water  does  not  turn  blue  on  addition  of  potassium  iodide) 
see  U.S.P.y  p.  392.    Iron  ferrocyanide  and  ferricyanide  (see  Part  v  of  this  book). 

Remarks. — This  dye  was  introduced  into  the  present  phannacopoeia 
merely  because  it  is  used  to  color  poison  tablets  of  corrosive  mercuric  chlor-- 
ide  (p.  318).  It  is  commonly  called  indigo  carmine  pr  solvbk  indigo. 
Indigo  is  insoluble  in  water  and  in  order  to  make  it  water-soluble,  it  is 
first  treated  with  concentrated  sulphiuic  acid,  producing  indigotin-di- 
sulphonic  acid  [Ci6Hi802N2(S08H)2]  and  then  this  is  converted  into  the 
less  corrosive  sodium  salt,  Ci6Hi802N2(S08Na)2.  Indigo  carmine  is 
marketed  either  in  the  form  of  a  powder  or  paste. 

Scarlet  Red  (N.N.R.)  or  BieMch  scarlet  jR,  is  tolyl-azo-betanaphthol,  CH|C«H4N  -^ 
N — C6H|(CH|)N  =  N—CioHeOH.  It  has  been  used  rather  extensively  during  the 
past  few  years  for  promoting  the  growth  of  epithelium  in  cases  of  bums.  For  this 
purpose  an  ointment  consisting  of  8  parts  of  scarlet  red,  2  parts  of  eucalyptol  and  90 
parts  of  petrolatum  is  employ^. 

ACETANILIDnM— AcetaniUd 
(Acetanil. — Acetanilide — ^Antifebrin) 

The  monoacetyl  derivative  [CgHgNO  or  CeH»NH(CHsCO)  «  135.08]  of  aniline. 

Summarized  Description. 

C!olorle8S,  shining  micaceous  crystalline  laminse  or  crystalline  powder;  slightly 
bumine  taste;  soluble  in  about  190  parts  of  water,  in  about  2.5  parts  of  alcohol  and 
also  somble  in  chloroform,  ether,  benzene  and  glycerin;  melts  between  112®  and  114*C. 
Fop  details  see  U.S. P.,  p.  4. 

For  tests  for  identity,  for  impurities:  Readily  carbonizable  matter  (does  not  color 
sulphuric  acid  more  than  yellow).  Aniline  salts  (does  not  darken  ferric  chloride). 
See  U.S.P. 

Remarks. — This  body,  commonly  called  antifebrin,  represents  aniline 

in  which  one  of  the  hydrogen  atoms  is  replaced  by  the  acetyl  (C2H8O) 

group.    It  is  made  by  heating  aniline  with  glacial  acetic  acid,  the  reaction 

being — 

0H|  CeH&  CH|  OsHs 

I  +1  -      I         1  +    H.O 

COOH  NH,  CO— NH 

Acetio  acid.         Aniline.  Acetanilide.  Water. 

Acetanilide,  or  phenyl  acetamide^  as  it  is  sometimes  called,  occurs  in 
white,  shining  lamina  or  in  crystalline  powder,  sparingly  soluble  in  alcohol, 
melting  between  112''  and  114**C.  It,  like  aniline,  responds  to  the  iso- 
nitrile  reaction  (p.  581). 
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Acetanilide  is  one  of  the  most  valuable  antipyretics,  although,  like 
all  the  modern  synthetics  of  this  character,  it  should  be  used  with  caution. 
The  indiscriminate  use  of  these  products  has  caused  great  harm,  being 
particularly  dangerous  to  persons  with  weak  hearts.  It  is  given  in  doses 
of  three  to  four  grains,  either  in  powder  or  dissolved  in  brandy.  An 
excess  of  acetanilide  produces  symptoms  of  coma  and  collapse,  and  the 
best  antidote  is  copious  drafts  of  brandy. 

Dose. — 200  milligrammes  (3  grains). 

ACETAinLIDE  DERIVATIVES  AND  SUBSTITUTES 

BramacetanUide  is  formed  when  one  of  the  hydrogen  atoms  of  the  benzene  nucleus 
is  replaced  by  bromine.     It  is  an  antipyretic  and  antiseptic.     Dose.  1  to  8  grains. 

Semanilide, — In  this  the  benzoyl  (CeHsCO)  group  is  substituted  for  the  acetyl 
group  in  the^  acetanilide. 

Exaigin  is  methyl  acetanilide,  or,  more  properly  speaking,  acettoluidide,  and  is 

made  by  heating  toluidin  (^•^4<|^^M  with  glacial  acetic  acid. 

ArUikamnia  is  a  mixture  of  acetanilide^  caffeine^  tartaric  acid,  and  sodium  bicar- 
bonate. A  combination  of  this  character  is  recogmzed  in  the  National  Formulary  as 
Compound  Powder  of  Acetanilide  (p.  294). 

ArUinertrine  is  a  compound  consisting  of  50  per  cent,  acetanilide,  25  per  cent,  each 
ammonium  bromide  ana  salicylic  acid. 

ACETPHENETIDINnM— Acetphenetidin 
(Acetphen. — Phenacetin) 

The  monoacetjrl  derivative  [CioH„NOi  or  C«H4(OC2H5)NHCHaCO  1:4   - 
179.11]  of  para-amidophenetol. 

Summarized  Description. 

White,  glistening,  crystalline  scales  or  fine  crystalline  powder;  slightly  bitter  taste 
with  numbmg  effect  on  the  ton^e,  soluble  in  about  1300  parts  of  water,  and  in  about 
12  parts  of  alcohol ;  also  soluble  m  chloroform  and  ether ;  melts  between  133*^  and  135°C. 
For  details  see  U.S.P.,  p.  5. 

For  tests  for  identitu  and  for  impurities:  Readily  carbonizable  matter  (does  not  color 
sulphuric  acid  more  than  ^rellow).  Acetanilide  (aqueous  solution  not  made  turbid  or 
not  precipitated  by  bromine  water).  Para-phenetidin  (not  turned  red  on  proper 
treatment  with  iodine  solution)  see  U.S.  P. 

Remarks. — ^This  body,  commonly  known  as  phenaceiinej  has  the 

NHC  H  O     ^^  represents  acetanilide  in  which  one  of 

the  hydrogen  atoms  is  replaced  by  an  OC2H5  group.    Speaking  more 
technically,  it  represents  an  ethyl  acetyl  derivative  of  para-amido-phenol, 

C6H4<^TT  ,  and  is  made  by  the  reduction  of  para-nitrophenol,  which, 

in  turn,  is  prepared  by  treating  carbolic  acid  with  cold  diluted  nitric 
acid.    By  treating  para-amido-phenol  with  ethyl  iodide,  p-phenetidin, 

<QQ   XT 
NH       is  produced,  and  by  treating  the  latter  with  glacial  acetic 

acid  acetyl  phenetidin  or  phenacetine  results. 

Phenacetine  is  a  white  powder  that  melts  at  134®  to  135**C.  It  is  one 
of  the  most  valuable  antipyretics. 

Phenacetine  is  sometimes  contaminated  with  phenetidin.  This  latter 
is  a  dangerous  irritant,  hence  such  adulterated  phenacetine  should  not 
be  dispensed.  Detection  of  same  is  easily  accomphshed  by  the  pharma- 
copoeial  test  given  above. 

Some  unscrupulous  dealers  have  adulterated  phenacetine  with  acet- 
anilide, but  this  can  be  easily  detected  by  means  of  the  melting-point 
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— phenacetine,  133**  to  135^;  acetanilide,  112**  to  114** — or  by  the  phar- 
macopoeial  chemical  test  given  above. 
Dose. — 300  knilHgrammes  (5  grains). 

As  with  all  the  successful  modem  synthetics,  the  introduction  of  phenacetine  was 
followed  by  a  large  number  of  bodies  of  similar  composition.  Thus  we  have  iodo- 
pheninj  which  represents  phenacetine  hydrochloride  combined  with  iodine  and  potas- 
sium iodide.  • 

OCH 
Methacelifif  ^^''^^'^^NHc'h  O'  ^^^^  from  phenacetine  only  in  having  a  methyl 

group  instead  of  the  ethyl  group  of  phenacetine,  and,  like  it,  is  used  as  an  antipyretic. 

CeHfi — NH 
Hydracetin  or  pyrodin,  \  ,   which  is  acetphenylhydrazin  and  made 

NHCjHjO 
similar  to  acetanilide,  save  for  the  use  of  phenylhydrazin  instead  of  aniline. 

OC  H 
PhenocoU  hydrochloride^  C6H4<  jjhVjoCH  NH  4-HCP  ^^^*d®  by  treating  phenet- 

NH 
idin  with  amido-acetlc   acid,   CH2<QQQ-rT  "(glycocoU).     PhenacoU  hydrochloride 

occurs  in  white  crystals,  soluble  in  20  parts  of  water,  and  in  this  way  possesses  decided 
advantage  oyer  phenacetine,  which  is  soluble  in  1300  parts  of  water,  as  mentioned 
above.  It,  like  phenacetine.  is  used  as  an  antipyretic.  Strictly  speaking,  it  might 
more  properly  be  considerea  under  the  hvdrocarbons  other  than  benzene,  as  both 
phenacetme  and  phenocoll  contain  more  than  six  carbon  atoms.  However,  as  they 
so  closely  resemble  acetanilide,  it  was  deemed  advisable  to  deviate  from  the  regular 
order,  that  these  closely  similar  bodies  might  be  considered  together. 

Arseno  Organics. — During  recent  years,  complex  organic  combinations  containing 
arsenic  have  come  into  vogue  as  remedies  for  protozoal  diseases,  such  as  sleeping  sick- 
ness, malaria  and  syphilis.  Among  the  chemicals  thus  employed  we  find  AtoxyL  or 
sodium  arsenilate  containing  three  molecules  of  water;  aoatnine,  or  sodium  arsenilate 
containing  five  molecules  of  water;  arsacetin,  or  sodium  acetyl  arsenilate;  aaharsan  or 
"606, "  which  is  the  hydrochloride  of  the  sodium  compound  of  dioxy-diamido-arseno- 
benzene;  and  neosalvarsan  which  is  the  sodium  combination  of  dioxy-diamino-arseno- 
benzene-methanal-sulphoxylate.  The  structural  formuls  of  the  three  that  are  of 
most  importance  are  given  below: 


Sodium  areentlate.  Arsacetin.  Salvarsan. 

C6H4NH,  CeH4NH4COCHa    Na 


(X^      \—A8  =  As— <^       •^^  * 

Ac— OH  Ac^H  NH,HC1  NHjHCl 

AiO— ONa  Aio— ONa 

From  these  formulas,  it  will  be  seen  that  the  first  two  are  combinations  of  aniline 
and  acetanilide  wifh  arsenic  acid  while  "606''  has  as  its  basis  a  body  CeHtAs^ 
As — CeHe  which  is  analogous  to  that  largely  used  aniline  derivative,  azo4>en26ne 
CeHsN^N — ^CeHi.  Salvarsan  is  clearly  the  most  important  of  the  compounds 
just  described.  It  is  made  by  treating  phenol  with  nitric  acid,  thereby  obtaining  para- 
oxy-phenyl  arsenic  acid,  lliis  is  nitrated  and  the  nitro-body  is  then  reduc^  with 
soaium  amalgam  to  amino-phenyl  arsenic  acid.  This  substance  on  treatment  witii 
sodium  hydroxide,  sodium  hydrosulphite  and  ma^esium  chloride  yields  di-amido- 
dioxy-arseno-benzene,  the  hydrochloride  of  which  is  the  commercial  salvarsan. 

Salvarsan  is  a  yellow,  crystalline,  hygroscopic  powder,  that  is  so  unstable  in  air, 
that  it  has  to  be  market,ea  in  ampuls.  Its  introduction  has  opened  a  new  field  of  activ- 
ity for  those  pharmacists  having  the  ability  and  inclination  to  prepare  the  ampuUed 
chemical  into  an  exactly  neutral,  sterile  solution  for  intravenous  administration. 
There  have  been  a  numoer  of  methods  suggested  (see  bibliography),  the  simplest 
being  as  follows: 

Tne  weighed  quantity  of  salvarsan  (the  commercial  ampuls  each  contain  a  0.6- 
gramme  dose)  is  triturated  with  0.7  mil  of  sterile  normal  sodium  hvdroxide  solution 
for  each  0. 1  sramme  of  salvarsan  employed  and  then  more  of  the  allcaline  solution  is 
added,  dropl^y  drop,  until  complete  solution  occurs.  This  solution  is  then  diluted 
with  100  to  250  mils  of  sterile  physiologic  salt  solution  (0.9  per  cent.)  after  which  it  is 
filtered  through  a  sterile  filter.  It  is  needless  to  say  that  the  operation  should  be  per- 
formed under  absolutely  aseptic  conditions;  that  all  the  material  and  utensils  should 
be  sterile  and  that  the  room  and  the  operator  should  be  as  near  germ-free  as  possible. 
The  dose  of  salvarsan  is  0.3  to  0.6  gramme  (5  to  9  grains). 
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Pyroca/ecWn.— (Structure)  Petersen,  B.,  6,  1873,  308  and  7,  1874.  58.  (Manufac- 
ture) Reinsch  (1839),  through  Thorpe,  Diet.,  4,  1913, 179;  Etti,  A.Ph.A.,  26, 1878,  557. 

Gtiaiaco/.--Leech,  A.Ph.A.,  37,  1889,  630. 

Guaiacol  Car6<wate.— Ehlert,  Ph.  Rev.,  20,  1902,  211. 

Bemo8ol—Anon,y  Ch.  &  Dr.,  37,  1890,  102. 

-RMopj/rin^.— Porter,  A.Ph.A.^  39,  1891,  640. 

Pj/roffolloL — (Manufacture)  Liebig,  A.,  101, 1857, 47.  (Properties)  Weyl  and  Goth, 
B.,  14,  1881,  2666.     (Uses)  Anon^  Merck's  Rep.,  19,  1910,  42. 

ilntfinc.— (History)  Knecht,  Jl.  Soc.  Ch.  Ind.,  17,  1898,  835;  Parisel,  Cb.  News,  2, 
1860,  77;  Kopp,  Ch.  News,  2,  1860,  148. 

MMylene  Blue. — (Structure  and  manufacture)  Bernthsen,  A.,  230,  1885,  137. 
<Uses)  Ehilich  and  Lippmann,  A.Ph.A..  38,  1890,  689. 

Scarlet  Red.— Anon.,  Dr.  Circ^  66,  1912.  201. 

Acetanilide. — (Manufacture)  Grerhardt,  A.,  87, 1853, 164.  (Uses)  Cahn  and  Hepp, 
Am.  Dr.,  15,  1886,  209;  Gane,  Ph.  Jl.,  92,  1914,  698. 

Antinervine.—Anon.,  A.Ph.A.,  40,  1892,  1022. 

Exalgine.'—Hepp  and  Hoflf,  B»  10,  1877.  328. 

AniiJeamnia. — llausmanu,  A.J.P.,  63,  1891,  18. 

Acelvhenelidin — (Structure  and  manufacture)  Ph.  Jl.,  [31,  18,  1887,  264.  (Prop* 
erties)  Renter.  A.J.P.,  63,  1891,  375. 

/odopA«nw.— Scholrier,  A.Ph.A.,  39,  1891,  645. 

Afc/Aac€/tn.— Weller,  Ph.  Zt.,  34, 1889.  419. 

^ydrace/tn.— Guttmann,  A.Ph.A.,  38,  1890,  690. 

PAenoco//.— Scheririg,  U.  S.  Pat.,  543214. 

Ai  seno-organics. — (General)  Schweizer,  Science,  32, 1910. 809;  Humphrey,  Merck's 
Rep.,  18,  1909,  237:  Martindale,  Ch.  &  Dr.,  77,  1910.  897;  Launoy.  Merck's  Rep.,  20, 
1911,  78;  Oesterle,  Sch.  Wsch.  f.  Ph.  Ch.,  51,  1913,  161;  Morgan,  Ph.  Jl.,  92, 1914,  567. 

<SaZwir«an.— (History)  Ehrlich,  B.,  42,  1909,  17;  Keenan,  Am.  Dr.,  58,  1911,  27. 
(Manufacture^  Turner,  Am.  Dr.,  58,  1911,  5.  (Pharmacy)  Fordyce,  Am.  Dr.,  58, 1911, 
M;  Martindale,  Ch.  &  Dr.,  77, 1910,  897;  Keenan,  Am.  Dr.,  58, 1911, 105. 

Neo8alvar8an.—Vp&heT  Smith,  Jl.  A.Ph.A.,  1,  1912,  840. 


CHAPTER  XLIV 

TOLUENE  COMPOUNDS 

Toluene  has  the  formula  CeHsCHj.  It  represents  benzene  in  which 
one  hydrogen  is  replaced  by  a  methyl  group.  In  this  body,  therefore, 
we  have  a  combination  of  the  ring  and  chain  compounds,  the  methyl 
^roup  possessing  nearly  all  the  reactions  of  the  chain  series  of  hydro- 
carbons, while  the  phenyl  acts  exactly  as  it  did  in  benzene. 
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Toluene  was  first  made  by  dry  distillation  of  rosin  by  Pelletier  and 
Walter  in  1838.  Deville  (1841)  obtained  it  by  distillation  of  balsam  of 
tolu,  and  from  this  circumstance  Berzelius  named  it  toluol. 

It  can  be  easily  made  by  several  reactions;  chief  among  these  are,  (1) 
the  Friedel  Crafts  reaction,  in  which  benzene  is  treated  with  methyl  chlor- 
ide in  the  presence  of  aluminum  chloride,  and  (2)  by  the  Fitiig  reaction  in 
which  phenyl  bromide  is  treated  with  methyl  iodide  in  the  presence  of 
metallic  sodium,  this  latter  way  being  a  modification  of  the  Wuertz  reac- 
tion mentioned  on  p.  574. 

These  two  reactions  are  mentioned  by  name  because  affording  means 
of  the  manufacture  of  any  of  the  hydrocarbons  of  this  series.  Thus  if 
ethyl  chloride  is  substituted  for  the  methyl  chloride  in  the  first  reaction, 
or  if  ethyl  iodide  replaces  methyl  iodide  in  the  second  reaction,  we  would 
get  ethyl  benzene,  CeHgCaHs. 

Most  commercial  toluene,  however,  is  obtained  by  the  fractional  dis- 
tillation of  coal-tar,  and  is  a  colorless  or  amber-colored  liquid,  of  aromatic 
odor,  suggestive  of  benzene.  It  has  a  specific  gravity  0.870,  and  boils 
at  llO^C,  and  is  insoluble  in  water,  but  freely  soluble  in  alcohol.  In  its 
chemical  behavior  it  resembles  benzene,  on  one  hand,  and  methane,  on 
the  other,  and  in  the  same  way  forms  two  distinct  lines  of  hydrocarbon 
derivatives.  Thus,  the  replacing  of  one  hydrogen  of  the  benzene  group 
by  the  addition  of  chlorine  gives  rise  to  the  compound  known  as  mono- 
chlor-toluene,  and  this  body  is  produced  when  chlorine  is  passed  into 
cold  toluene.  On  the  other  hand,  if  boiling  toluene  is  treated  with  chlor- 
ine, the  halogen  replaces  one  of  the  hydrogens  of  the  methyl  group,  form- 
ing the  body  called  benzyl  chloride.  The  structural  difference  between 
these  two  bodies  is  best  shown  by  the  graphic  formulas  given  below. 
These  two  compounds,  are  mentioned  not  because  of  their  importance  in 
themselves,  but  by  reason  of  the  possible  forms  when  the  respective 
chlorines  are  replaced  by  hydroxyls,  in  the  fiirst  case  a  phenol  (cresol) 
being  formed,  whereas  the  benzyl  chloride  yields  benzyl  alcohol,  which 
possesses  all  the  characteristics  of  an  ordinary  fatty  alcohol. 

.CH,  .CHjCI  .CHi  .CH,OH 

HC^^CCI       HC/^CH  HC<^^COH        HC^^CH 

H  H     .  H  H 

06H4^pi  CftlitOHsd  C)eH4^pTT  CtSiCMsOH 

Orthomonoehlor-toluene.    Berutjflchloride.  Ortkocre^ol.  Beiuyl  aleohoL 

Under  appropriate  treatment  of  boiling  toluene  with  chlorine,  there 
is  also  3rielded  benzotrichloride,  CeHjCCU,  and  benzal  chloride,  CeHj- 
CHCI2. 

The  toluene  derivatives  of  pharmaceutic  interest  are: 

Cresol,  U.S.P CeH4<3H,. 

/CHa" 

Creosol C«H,^--OCHi 

\0H. 
(Creosote,  U.S. P.  and  creosote  carbonate,  U.S.P.) 

Benzyl  alcohol CH.CHjOH. 

Benzaldehyde,  U.S.P C.H.CHO. 

(Oil  bitter  almond,  U.S.P.). 
Benzoic  acid,  U.S.P C«H»COOH. 
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Benzosulphinide,  U.S.P C,H4<^*> NH. 


Sodium  benzoflulphinide,  U.S.P NaC7H40,NS4-2HjO 

SaUcylic  acid,  U.S.P C6H4<q^^^ 

(Methyl  salicylate,  U.S.P.) 

Phenyl  salicylate C«H4  <  qqqq  jj 

yOH 

VanUlin,  U.S.P C6H,A)CH,. 

\CHO. 

GalUc  acid,  U.S.P ^«^«<^XK>H. 

Tannic  acid,  U.S.P. 

The  cresols,  ^^^^nri  »  are  the  monobasic  phenols  of  toluene,  and, 

like  all  di-derivatives  of  benzene,  are  known  in  the  ortho-,  meta-,  and 
para-  forms. 

CRESOL— Cresol 

A  mixture  of  isomeric  cresols  [CtHsO  or  C6H4.CHt.  OH  »  108.06]  obtained  from  coal 
tar.    Preserve  it  in  well-closed  containers  protected  from  light. 

Summarized  Description, 

Colorless  or  yellowish  to  brown-yellow  highly  refractive  liquid;  tarns  darker  with 
age;  phenol-like  odor;  soluble  in  about  50  parts  uf  water;  miscible  with  alcohol,  ether, 
benzene,  petroleum  benzin  or  glycerin;  soluble  in  solutions  of  fixed  alkaline  hydroxides; 
sp.  ^r.  1.030  to  1.038;  at  least  90  per  cent,  distils  between  Idb""  and  205''O.  For 
details  see  U.S.P.,  p.  126. 

For  tests  for  identity  for  impurities:  Hydrocarbons  (aqueous  solution,  1  to  60,  not 
more  than  slightly  turbid)  see  U.S.P. 

Manufacture. — In  the  manufacture  of  phenol  from  coal  tar  (seep.  688), 
the  alkalme  solution  of  the  phenol  fraction  contains  the  cresols  as  well. 
When  this  alkaline  solution  is  acidiilated  the  cresols  separate  with  the 
phenol  and  are  separated  by  fractionation;  they  distilling  between  195 
and  205°C.,  while  phenol  distils  at  188^. 

Remarks, — ^As  mentioned  in  the  ofScial  definition,  commercial  cresol 
(or  cresylic  a^d,  as  it  is  frequently  called)  is  a  mixture  of  the  three  cresols 
mentioned  above.  It  has  been  accorded  pharmacopoeial  recognition  be- 
cause a  constituent  of  the  new  official,  compound  solution  of  cresol.  It 
is  sometimes  used  internally  as  an  intestinal  antiseptic. 

Dose, — 0.05  mil  (1  minim). 

LIQUOR  CRESOLIS  COMPOSXTUS— Compound  Solution  of  Cresol 

(Liq.  Cresol.  Co.) 

Condensed  Recipe. 

Hea&  300  Gm.  linseed  oil  on  a  water-bath  to  70*^0.;  add  to  it  80  Gm.  potassium 
hydroxide  dissolved  in  50  mils  of  water^  hkewise  warmed  to  70°C.  After  mixing  add 
30  mils  of  alcohol  and  warm  until  saponification  is  complete.  Then  add  500  Gm.  cresol 
keeping  mixture  at  70^  until  a  clear  solution  is  produced.  Lasdv  add  enough  water  to 
make  1000  Gm.  The  potassium  hydroxide  may  be  replaced  by  the  equivalent  quantity 
of  sodium  hydroxide.    For  details  see  U.S.P.,  p.  240. 

Remarks. — ^This  is  a  50  per  cent,  solution  of  cresol  in  an  alkaline  lin- 
seed oil  soap  solution,  and  is  a  product  therapeutically  similar  to  the 
popular  alkaline  solutions  of  coal-tar  distillates,  such  as  creolin,  lysol,  etc. 
Like  these,  it  is  used  as  an  antiseptic  wash  or  douche. 
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Losophane,  GaH^OH,  is  cresol  tri-iodide,  contains  78.38  per  cent,  iodine,  and  is 

^CH, 
used  as  an  iodoform  substitute. 

/C4H, 
Etarophene  N.N.R,  CeHi^CHi   is    di-isobutyl-cresol-iodide.     A   comparison   of 

CeH^ 

NC4H. 

the  formula  just  given  with  the  name,  shows  how  simple  it  is  to  express  chemical  struc- 
ture in  words.    Europhen  contains  aoout  28  per  cent,  of  iodine  and  is  used  like  aristol. 

Homopyrocatechin,  so  named  because  of  its  similarity  to  pyrocatechin, 

is  the  diatomic  phenol  of  toluene.    Its  formula  is  ^eH^/Qg^N  .     Its 

yCH, 
methyl  ester,  CeHs^OCHs,  is  known  as  creosol,  and  is  of  interest  as  a 

constituent  of  creosote. 

CREOSOTUM— Creosote 
Creosot. — Creasote 

A  mixture  of  phenols  and  phenol  derivatives,  chiefly  guaiacol  and  creoeol,  obtained 
during  the  distillation  of  wood-tar.  Preserve  it  in  tightly  stoppered,  dark  amber- 
colored  bottles. 

Summarized  Description. 

Colorless  or  yellowish,  highly  refractive  inflammable  oily  liquid;  penetrating  smoky 
odor;  burning  caustic  taste;  should  not  become  brown  on  exposure  to  light;  slightly 
soluble  in  water;  miscible  with  alcohol,  ether,  fixed  or  volatile  oils;  sp.  gr.  1.073;  dis- 
tillation starts  at  lOS^'C,  at  least  80  per  cent,  distils  between  200''  and  220^C. 

For  details  see  U.S.P.,  p.  126. 

For  teste  for  identity  and  for  impurities:  Phenol  and  coal-tar  creosote  (does  not 
coagulate  collodion ;  creosotic  layer  separated  from  glycerinic  solution  by  aadition  of 
water).  Hydrocarbons  and  bases  (alkaline  solution  not  made  turbid  bv  addition  of 
water).  Ccerulignol,  etc.  (The  top  layer  of  a  mixture  of  creosote  with  petroleum 
benzin  and  baryta  water  is  neither  blue  nor  muddy;  the  bottom  layer  is  not  red) 
see  U.S.P. 

Remarks, — This  body  was  discovered  by  Reichenbach  in  1830.  The 
pharmacopoeia  defines  it  ''as  a  mixture  of  phenols,     .  .     chiefly 

guaiacol  and  creosol." 

Of  these  two  bodies,  guaiacol  was  described  on  p.  692,  while  the  origin 
of  creosol  has  just  been  given. 

.  Creosote  is  obtained  either  from  pyroligneous  acid  (p.  586)  (the 
empyreumatic  liquid  obtained  by  the  destructive  distillation  of  oak 
wood)  or  from  beechwood  tar.  As  the  last  contains  25  per  cent,  creosote, 
while  pyroligneous  acid  3rields  only  1  per  cent.,  the  former  Boiu*ce  of  creo- 
sote is  preferred. 

The  separation  of  creosote  from  the  tar  is  a  laborious  process.  The 
tar  is  distilled,  the  half  coming  over  first  is  allowed  to  stand,  when  it 
separates  into  three  layers.  The  lowest  layer  is  the  one  containing  the 
creosote. 

The  creosote  layer  is  separated  from  the  others,  and  saturated  with 
sodium  carbonate  to  neutraJize  acetic  acid  present,  and  is  then  distilled. 
This  distillate  yields  two  layers,  the  lower  of  which  contains  the  creosote, 
and  this  is  purified  by  treatment  with  phosphoric  acid.    After  neutralize 
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ing  the  acid  with  ammonia  and  washing  the  oil  with  water,  it  is  again  dis- 
tilled, the  distillate  then  consisting  of  creosote  and  eupion;  the  latter  is  a 
body  named  by  Reichenbach,  and  consists  chiefly  of  pent^e.  The  creo- 
sote is  freed  from  eupion  by  treatment  with  solution  of  potassa,  which 
saponifies  it,  while  eupion  floats  on  top  and  can  be  separated.  The 
saponified  creosote  is  then  treated  with  sulphuric  acid,  and  the  free  creo- 
sote rectified  by  repeated  distillations. 

Creosote  is  a  straw-  to  amber-colored  liquid,  possessing  a  character- 
istic tarry  color,  and  somewhat  burning  taste.  It  has  a  specific  gravity 
of  1.078,  is  soluble  in  160  parts  of  water  (with  formation  of  a  cloudy 
liquid),  and  is  soluble  in  alcohol,  ether,  and  chloroform.  As  already 
noted,  a  large  amount  of  the  creosote  in  commerce  is  nothing  but  an 
impure  form  of  carbolic  acid,  and  special  emphasis  should  be  laid  on  the 
fact  that  such  "coal-tar  creosote"  should  never  be  used  for  internal  ad- 
ministration; nor  is  there  any  excuse  for  ignorantly  dispensing  same,  in- 
asmuch as  the  pharmacopoeia  offers  three  distinct  t^ts  whereby  the 
difference  between  creosote  and  carbolic  acid  may  be  recognized;  the  col- 
lodion test  and  the  glvcerin  solubility  test  outlined  about  and  the  color 
produced  with  ferric  chloride  (pure  violet  blue  with  a  solution  of  phenol; 
violet  blue,  then  gray-green  and  lastly  muddy-brown  with  a  solution  of 
creosote). 

Creosote  is  a  valuable  antiseptic,  its  preservative  action  being  due  to 
the  ease  with  which  it  coagulates  albumin.  This  principle  is  employed 
in  the  so-called  ''smoking"  of  meats.  The  fresh  meat  is  suspended  in 
the  vapors  of  burning  wood,  when  the  creosote  of  the  vapors  attack  the 
albumin  on  the  outer  surface  of  the  ham,  forming  an  impermeable  and 
antiseptic  layer.  To  secure  best  results  in  smoking,  beechwood  should 
be  used,  though  this  is  seldom  the  case. 

Dose, — 0.25  mil  (4  minims). 

Several  preparations  have  been  placed  on  the  market  under  the  name 
of  ''liquid  smoke,"  and  the  like,  and  intended  tf/he  applied  with  a  brush, 
consisting  of  various  modifications  of  creosote  or  of  crude  pyroligneous 
acid,  and  this  method  of  preserving  meat  is  by  no  means  as  satisfactory 
as  by  the  old  process  of  smoking. 

CREOSOTI  CARBONAS— Creosote  Carbonate 

(Creosot.  Carb.) 

A  mixture  of  the  carbonates  of  various  constituents  of  creosote,  chiefly  guaiacol 
and  creosol. 

Summarized  Description, 

Clear,  colorless  or  yellowish,  viscid  liquid ;  on  chilling,  guaiacol  carbonate  ci^stals 
separate;  insoluble  in  water;  soluble  in  alcohol,  petroleum  benzin  or  fixed  oils;  miscible 
with  chloroform  or  benzene;  sp.  gr.  1.145  to  1.170.     For  details  see  U.S.P.,  p.  125. 

For  tests  for  identity ,  for  impurities:  Creosote  (alcoholic  solution  is  neutrtu  to  litmus 
paper  and  turns  yellow  with  ferric  chloride).    See  U.S.P.,  p.  125. 

Remarks. — This  new  official  substance,  called  in  trade,  creosotal,  is 
prepared  by  passing  phosgene  into  an  alkaline  solution  of  creosote.  The 
resulting  oUy  product  is  then  purified  by  washing  with  weak  alkali  and 
then  with  water.  It  is  a  yellowish,  viscid  liquid,  that  i?  claimed  to  be  a 
non-irritant  substitute  for  creosote  and  is  used  like  the  latter,  as  a  pul- 
monic and  intestinal  antiseptic. 

Dose, — 1  gramme  (16  grains). 

Benzyl  alcohol,  CeHsCHsOH,  is  the  aromatic  alcohol  of  toluene,  and 
appears  in  the  balsam  of  Peru  and  balsam  of  tolu,  and  can  be  made  by 
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treating  benzyl  chloride  with  moist  silver  oxide.  It,  like  all  primary 
alcohols,  oxidizes  first  to  aldehyde  and  then  to  acid,  and  in  this  way 
differs  markedly  from  the  cresols  mentioned  above,  these  being  phenols, 
resembling  more  closely  either  the  tertiary  or  the  secondary  alcohols. 

Benzyl  alcohol  has  but  little  pharmaceutic  interest,  and  is  mentioned 
merely  because  of  its  oxidation  product,  benzaldehyde. 

BENZALDEHYDUM— Benzaldehyde 
(Benzaldehyd.) 

An  aldehvde  produced  synthetically  or  obtained  from  oil  of  bitter  almond  and  con- 
taining not  less  than  85  per  cent,  of  CtHsO  or  C«H|.CHO(106.05).  Preaerve  it  in 
small,  well-stoppered  bottles,  protected  from  light. 

Summarized  Description, 

Colorless  or  yellowish,  stron^y refractive  liauidj  bitter-almond-like  odor;  burning 
aromatic  taste;  slightly  soluble  m  water;  miscible  with  alcohol,  ether,  fixed  or  volatile 
oils:  sp.  gr.  1.045.    For  details  see  U.S. P.,  p.  74. 

For  teats  for  identity  (oT  impurities:  Hydrocyanic  acid  (ferrous  sulphate,  potassium 
hydroxide,  hydrochloric  acid  test).  Cmorinated  products  (copper  wire,  flame  test). 
Nitrobenzene  (should  not  be  reduced  by  zinc  and  diluted  suli>huric  acid  to  aniline, 
which  in  turn  would  become  violet  on  oxidation  with  potassium  dichromate.  See 
U.S. P.,  and  also  Part  V  of  this  book. 

Remarks. — Benzaldehyde,  CftHsCHO,  can  be  made  by  the  oxidation 
of  the  benzyl  alcohol  just  mentioned,  or  by  treatment  of  benzyl  chloride 
with  milk  of  lime.  It  occurs  in  nature  as  the  chief  constituent  of  oil  of 
bitter  almond.    It  is  used  in  perfumery,  and  rarely  employed  medicinally. 

Dose, — 0.03  mil  (J^  minim). 


OLEUM  AMYGDALA  AMARiE— OU  of  Bitter  Almond 
(OL  Amygd.  Amar. — Bitter  Almond  Oil) 

A  volatile  oil  obtained  by  maceration  and  distillation  from  the  ripe  kernels  of 
Prunus  Amygdalus  Stokes  var.  amara  DeCandolle  (Fam.  Rosacea),  and  from  other  ker- 
nels containing  amygdalin.  It  yields  not  less  tnan  85  pei^  cent,  of  benzaldehyde 
[CtHsO]  and  not  less  than  2  per  cent,  nor  more  than  4  per  cent,  of  hydrocyanic  acid 
[HON].  The  botanical  source  from  which  it  is  derived  must  be  stated  on  the  label. 
Preserve  it  in  small,  well-stoppered,  completely  filled,  amber-colored  bottles  protected 
from  light  and  air.  Oil  showing  crystals  of  benzoic  acid  must  not  be  dispensed.  This 
Oil  is  intended  for  medicinal  use.     It  must  not  be  used  for  flavoring  f ooos. 

Summarized  Description, 

Clear,  colorless  or  yellow,  strongly  refractive  liquid:  characteristic  odor  and  tast«; 
slightly  soluble  in  water;  soluble  in  alcohol  and  ether,  also  in  2  volumes  of  70  per  cent, 
alcohol;  sp.  gr.  1.038  to  1.060;  refractive  index,  1.5428  to  1.5439;  optically  inactive  or 
very  slightly  dextrorotatory.    For  details  see  U.S. P.,  p.  285. 

For  tests  for  identity  and  for  impurities:  Chlorinated  products  (copper  wire,  flame 
test).  Nitrobenzene  (should  not  be  reduced  by  zinc  and  acetic  acid  to  aniline,  which 
in  turn  would  give  the  isoni trite  reaction). 

For  assay  see  U.S.P.,  p.  285  and  also  Part  V  of  this  book. 

This  is  the  volatile  oil  obtained  from  bitter  almond  by  maceration 
with  water  and  subsequent  distillation. 

Bitter  almonds  yield  both  fixed  and  volatile  oil,  and  ''sweet  almond 
oil" — the  expressed  oil  of  almond — ^is  obtained  by  expression  from  both 
kinds  of  almonds — bitter  as  well  as  sweet  (p.  655). 

Bitter  almond  in  its  dry  form  contains  no  volatile  oil — no  oil  of  bitter 
almond.  To  produce  this,  it  is  necessary  to  mash  up  the  seed  and  add 
water,  when  a  chemical  reaction  occurs  between  the  amygdalin  and  emul- 
sin  present  in  the  seed,  one  of  the  products  of  the  reaction  being  oil  of 
bitter  almond. 
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Amygdalin  belongs  to  the  class  of  substances  called  glucosides  (p. 
640),  which  are  bodies  that  on  treatment  with  a  diluted  acid  or  ferment 
split  into  glucose  and  some  other  body.  Emulsin  is  one  of  the  unformed 
ferments  explained  on  p.  844,  hence  a  body  that  can  break  up  amygdalin, 
as  outlined  above. 

Feist  has  shown  that  the  hydrolysis  of  amygdalin  is  not  as  simple  as  the  reaction 
shown  on  page  640.     The  first  step  of  the  hydrolysis  is  the  formation  of  one  molecule  of 

benzaldehyde-cyanhydrine  C«HfiC^--OH.     This  when  treated  with  steam  in  the  proc- 

\CN 
ess  of  distillation  breaks  into  benzaldehyde  and  hydrocyanic  acid. 

When  the  amygdalin  is  split  up  by  the  emulsin,  glucose,  hydrocyanic 
acid,  and  oil  of  bitter  almond  are  the  three  decomposition  products,  and 
only  by  the  breaking  up  of  the  amygdalin  is  the  oil  developed.  In  the 
dry  seed  the  amygdalin  and  emulsin  rest  quietly  side  by  side,  just  as  do 
the  sodium  bicarbonate  and  tartaric  acid  in  dry  efifervescent  salts,  such 
as  granular  magnesium  citrate.  As  soon  as  the  water  is  added,  just  as  the 
effervescent  salts  show  energetic  chemical  action,  even  so,  though  marked 
only  by  the  development  of  the  bitter  almond  odor,  does  the  emulsin 
react  with  the  amygdalin. 

In  obtaining  the  bitter  almond  oil  the  fixed  oil  is  separated  by  expres- 
sion.    The  press  cake  is  then  mixed  with  water  at  50°C.  for  about  a  day 
and  then  distilled.     This  results  in  the  hydrolysis  of  the  amygdalin  under 
the  influence  of  the  ferment  emulsin,  as  just  explained.     TVTien  using  the 
ferment,  great  care  must  be  exercised  to  prevent  too  great  heat,  as  that 
causes  decomposition  of  the  ferment  and  its  subsequent  inactivity.     This 
statement  is  worth  bearing  in  mind,  as  there  has  arisen  the  erroneous 
impression  that  the  reason  why  cold  water  is  used  in  the  wild-cherry 
preparations  is  to  prevent  the  evaporation  of  the  hydrocyanic  acid.     This 
is  only  partly  true,  the  real  object  of  avoiding  hot  water  being  to  prevent 
decomposition  of  the  ferment  employed.     From  the  volatile  oil  of  bitter 
almond  the  hydrocyanic  acid  can  be  removed  by  treatment  with  ferrous 
sulphate  and  milk  of  lime  and  redistillation  of  the  product  with  steam. 
This,  however,  is  not  done  in  the  manufacture  of  the  pharmaceutic  oil, 
the  pharmacopoeia  specifying  that  same  shall  contain  2  to  4  per  cent, 
hydrocyanic  acid,  and  this  fact  gives  us  a  means  of  distinction  between 
the  synthetic  benzaldehyde,  which  is  free  from  hydrocyanic  acid,  and  the 
natural  oil  of  bitter  almond.     A  very  large  quantity  of  such  oil  of  bitter 
almond  on  the  market  represents  synthetic  benzaldehyde,  and  can  be 
detected  as  mentioned  above.    Note  in  the  pharmacopoeial  description 
given  above  that  the  cr3rstals  forming  in  bottles  of  the  oil  consist  of  ben- 
zoic acid. 

Do  not  confound  this  synthetic  oil  of  bitter  almond — benzaldehyde — 
with  the  so-called  artificial  oil  of  bitter  almond  or  oil  of  mirbane.  This 
has  nothing  to  do  with  the  almond,  being  C6H5NO2,  nitrobenzene.  Its 
unfortunate  synonym  is  due  to  the  fact  that  its  odor  suggests  that  of 
bitter  almond. 

Dose. — 0.03  mil.  (}4  minim). 

Amygdala  Amara  (U.S.P.  VIII),  or  bitter  almondy  is  the  ripe  seed  of  Prunua  Amyg- 
dalxts  Stokes,  var.  amara  De  CandoUe  (Ftiin.  Rosacece).  It  contains  fixed  oil,  45  per 
cent.  *  amygdalin,  2  to  3  per  cent.;  emulsin;  asparagin  and  proteid  (amandin). 

Tne  formation  of  the  volatile  oil,  which  does  not  exist  in  the  dry    seeds,  but 
i^hich   is  formed  by  the  action  of  the  emulsion  on  amygdalin,  has  been  fully 
described  just  above.    It  acts  as  a  sedative  and  is  used  largely  as  a  flavor. 
45 
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PRUNUS  VmGINIANA— Wild  Cherry 
(Prun.  Virg,— Wild  Black  Cherry  Bark) 

The  stem-bark  of  Prunus  aerotina  Ehrhart  (Prunua  virainiana  Miller)  (Fam 
Rosacea) f  collected  in  autumn  and  carefully  dried.  Preserve  Wild  Cherry  in  tightly 
closed  containers,  protected  from  light. 

ConaiUuenla. — Mandelonitrile  glucoside  (which  is  similar  to,  but  not 
identical  with  amygdalin);  an  enzyme,  similar  to  emulsin;  volatile  oil; 
two  resins;  benzoic,  trimethyl-gallic  and  para-coumaric  acids;  sugar;  and 
tannin. 

Remarks, — The  dry  bark  contains  neither  oil  nor  hydrocyanic  acid, 
but,  like  bitter  almond,  these  principles  are  produced  when  the  bark  is 
moistened,  and,  therefore,  constitute  the  medicinal  activity  of  the  drug. 
A  simple  test  for  wild  cherry  is  that  it  is  the  only  official  bark  which,  when 
chewed,  gives  the  odor  of  hydrocyanic  acid  (or  of  bitter  almond).  The 
ferment  emulsin  is  rendered  inactive  when  treated  with  hot  water,  and 
no  oil  nor  hydrocyanic  acid  will  be  developed  in  wild  cherry  when  so 
heated;  hence  all  official  preparations  of  the  bark,  including  the  infusion, 
are  made  with  cold  solvents. 

Medical  Properties, — Tonic,  mild  sedative  (for  coughs). 

Dose, — 2  grammes  (30  grains). 

ACmUM  BENZOICUM— Benzoic  Acid 

(Acid.  Benz.) 

An  organic  acid  obtained  from  benzoin,  or  prepared  synthetically.  It  contains, 
when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not  less  than  99 . 5 
per  cent,  of  CtHaOs  or  CsHsCOOH  (122.05).  Preserve  it  in  well-closed  containers  in 
a  cool  place  protected  from  light. 

Summarized  Description, 

Lustrous  scales  or  friable  needles;  nearly  odorless  (the  sjrnthetic)  or  smelling  like 
benzoin  (the  natural);  pungent  acid  taste;  somewhat  volatile  at  moderately  warm 
temperatures;  volatilized  by  steam;  soluble  in  about  275  parts  of  water  and  in  about 
1.8  parts  of  alcohol;  also  soluble  in  ether,  chloroform,  carbon  disulphide,  benzene, 
fixea  and  volatile  oils;  melts  between  120^  and  122°G.     For  details  see  U.S. P.,  p,  8. 

For  tests  for  identity^  for  impurities:  Readily  carbonizable  matter  (solution  in  sul- 
phuric acid  poured  in  water  gives  a  precipitate  of  benzoic  acid  and  a  colorless  fluid). 
Chlorine  (modified  silver  nitrate  test).  Cmnamic  Acid  (no  odor  of  bitter  almond  on 
oxidation  with  permanganate),  and  for  assay,  see  U.S.P.  p.  8  and  also  P^  V  al  this 
book. 

Remarks, — Benzoic  acid  represents  the  final  oxidation  product  of 
benzyl  alcohol,  this  yielding  benzaldehyde,  and  it  in  turn  yielding  benzoic 
acid. 

C«H6CH,0H    —    C.H»CHO    —    C«H,COOH. 

Benxyl  alcohol.  Bensaldehyde.  Bensoio  aeid. 

Benzoic  acid  was  discovered  by  Vigniere  in  1608  in  benzoin^  hence 
the  name.  Scheele  in  1785  discovered  it  was  a  constituent  of  the  urine, 
and  Liebig  and  Woehler  in  1832  proved  its  chemical  composition.  As 
mentioned  above,  benzoic  acid  is  a  normal  constituent  of  benzoin,  and  is 
also  an  important  constituent  of  balsams;  balsams  being  oieoresins  con- 
taining benzoic  and  cinnamic  acids. 

Benzoic  acid  can  be  made  from  benzene  by  converting  same  first  into 
phenyl  chloride,  CeHsCI,  changing  this  to  benzonitril,  CeH^CN,  and  treat- 
ing this  with  potassium  hydbx>xide,  when  the  potassium  benzoate  is 
formed. 
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As  mentioned  above,  it  is  also  made  by  the  oxidation  of  either  benzyl- 
alcohol  or  benzaldehyde.  Commercial  benzoic  acid,  however,  is  usually 
manufactured  by  one  of  the  four  following  methods: 

(a)  Sublimation  of  benzoin,  as  (Jescribed  fully  on  p.  975. 

(6)  From  Hippuric  Acid. — This  body  is  a  constituent  of  the  urine  of 
cattle,  and  is  benzoyl  glycocoU,  CeHsCONHCHjCOOH. 

On  boiling  this  substance  with  hydrochloric  acid  it  splits  into  glycocoU 

/NH, 
(amido-acetic  acid),  CH2COOH,  and  benzoic  acid. 

The  benzoic  acid  thus  produced  is  usually  mixed  with  benzoin  and 
resublimed,  and  when  fresh,  is  an  acceptable  preparation.  In  older 
samples  the  origin  can  be  readily  detected  by  the  odor  of  stale  urine. 
The  benzoic  acid  of  this  source  was  formerly  used  in  considerable  quan- 
tities under  the  name  of  German  benzoic  add,  but  at  the  present  time  the 
process  has  been  largely  supplanted  by  a  third  method  of  manufacture. 

(c)  From  Toluene. — A  comparison  of  the  formulas  of  toluene,  CeHe- 
CHs,  and  of  benzoic  acid,  CeHsCOOH,  will  show  that  the  difference  be- 
tween them  is  slight;  benzoic  acid  has  two  atoms  of  oxygen  more  and 
two  atoms  of  hydrogen  less,  and,  therefore,  it  should  be  easily  prepared 
by  oxidation. 

This,  however,  is  not  wholly  the  case,  the  reaction  being  rather  in- 
direct. Toluol  is  treated  with  chlorine,  changing  it,  CeHsCHg  into 
CjHsCCIs,  and  this,  when  boiled  with  water,  is  converted  into  benzoic 
and  hydrochloric  acids,  by  the  following  reaction: 

H,0  />=0 

CbHJ   a    +    ~d        =     CeHjl  +    3Ha. 

HOH  I       ^„ 

—  v^— OH 


(d)  Process  of  Manufacture  from  Naphthalene. — This  body  is  CioHs,  or, 
graphically,  as  expressed  in  Formula  I  below,  and  on  oxidation  with  nitric 
acid,  it  3rields  phthalic  acid,  C6H4(COOH)2,  which  is  graphically  expressed 
in  Formula  II. 

Formula  I.  Fobmula  II. 

H  H  H 

HO^^c/   ^CH  HC^   \c— COOH 

^Ko/Kc^^^  ""  hA^^/(Lcooh 

H  H  H 

Phthalic  acid,  on  treatment  with  calcium  hydroxide,  loses  one  COs 
^oup,  and  is  converted  into  benzoic  acid,  CeHsCOOH,  or  rather  into 
its  calcium  salt. 

Benzoic  acid  is  used  as  an  antiseptic  and  employed  medicinally 
chiefly  in  the  form  of  metallic  benzoates. 

Dose.-^— 500  milligrammes  (8  grains). 

<SO  H 
COOH'  ^^^  ^y  treating  benzoic  acid     • 

-^ith  sulphuric  acid,  is  mentioned  because  of  its  amido-derivative,  sac- 

SO  \ 
charin,  C^^Q^yiH^,  which  was  discovered  by  Remsen  and  Fahlberg 

ixi  1879.     Its  S3mthe8is  can  best  be  expressed  by  successive  products  of 
±ike  reaction: 


708  PRINCIPLES   OF   PHARMACY 

^  „  SO,H    .  p  TT  S  O2CI  V  p  pr  SOtNH,    V  p  Tx  SO,NH,     v  p  rr  SOi^i^„ 

(Sulpho-  Ortho-toluol-sul-  Ortho-toluol-eal-       (Ortho-eulphamide        (Saccharin), 

toluene).  phoohloride.  phamide.  bensoio  acid). 

Toluene,  when  treated  with  sulphur  trioxide,  yields  sulphotoluene, 

<SO 
CH  H.    This  3rields  successively  the  products  given  above,  the 

end-product  being  saccharin,  which  is  official  as — 

BENZOSULPHINIDirM— Benzosulphinide 
(Benzosulphinid. — Saccharin — Glusidum) 

The  anhydride   [CtH^NSO,  or  C6H4SO2.CONH  =  183.12]  of  ortho-sulphamide- 
benzoic  acid. 

Summarized  Description. 

White  crystals,  or  white  crystalline  powder;  odorless  or  faintly  aromatic;  intena^ 
sweet  when  diluted  j  soluble  in  about  290  parts  of  water  and  in  about  25  parts  of  u- 
cohol;  also  soluble  in  chloroform  and  ether  and  in  some  alkaline  solutions;  melts 
between  219**  and  222^*0. 
For  details,  see  U.S. P.,  p.  76. 

For  tests  for  identity  and  for  impurities:  carbonizable  matter  (sulphuric  acid  solu- 
tion heated  to  50**C.,  not  more  than  brown). 

Glucose  qr  milk-sugar  (does  not  reduce  Fehling's  solution). 

Benzoic  or  salicylic  acid  (no  precipitate  nor  violet  color  with  ferric  chloride). 

Ammonium  compounds  (no  ammonia  odor  on  heating  with  a  milk  of  magnesia). 
See  U.S.  P. 

Remarks, — Saccharin  is  in  the  form  of  white  powder,  sparingly  solu- 
ble in  water,  and  possessing  a  taste  that  has  been  graphically  described 
as  being  '^  so  sweet  that  it  is  bitter"  (being  300  times  sweeter  than  sugar), 
and  in  order  to  obtain  its  full  sweetening  power  it  is  necessary  that  it  be 
diluted.  Administered  as  a  sweetener,  it  is  usually  combined  with  alkali, 
such  as  sodium  bicarbonate,  and  the  saccharin  tablets  intended  for  use 
by  diabetic  patients  in  place  of  sugar  are  combined  with  the  required 
quantity  of  alkali  before  compression.  The  addition  of  alkali  is  in  ordtf 
to  render  them  more  soluble. 

As  noted  in  the  summarized  description  just  given,  saccharin  is  only 
sparingly  soluble  in  water.  The  sodium  compound,  on  the  other  hand, 
is  very  soluble,  although  not  so  powerful  an  antiseptic. 

Saccharin  is  by  no  means  a  harmless  agent,  and  its  indiscriminate  use 
as  a  sweetener  should  be  deprecated.  For  diabetic  patients  it  is  a  boon, 
but,  on  the  other  hand,  for  sweetening  foods  in  order  to  spare  the  cost  ot 
the  sugar  its  use  should  be  strongly  condemned. 

It  is  of  interest  to  note  that  saccharin  possesses  valuable  antiseptic 
properties,  the  researches  of  Miller  showing  that  saccharin  ranked  in 
activity  next  to  bichloride  of  mercury  as  an  agent  for  destro^ong  the 
bacteria  of  the  mouth. 

Professor  Miller  devised  a  saccharin  mouth-wash  containing  saccharin, 
an  astringent  substance  like  krameria,  blended  with  aromatics,  and  prod- 
ucts similar  to  this  are  among  the  most  popular  of  the  modern  mouth- 
wash preparations. 

Dose. — 200  milligrammes  (3  grains). 

SODn  BENZOSULPHINIDIJM— Sodium  Benzosulphinide 
(Sod.  Benzosulphin. — Sodium-Saccharin — Soluble  Saccharin) 

The  sodium  salt  [NaC7H«03NS+2HiO  »241.14]  of  benzosulphinide.     Preserve  it 
in  well-closed  containers. 
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Summarized  Description. 

Colorless,  rhombic  prisma  or  white  crystalline  powder ;  odorless  or  faintly  aromatic, 
intensely  sweet  taste;  soluble  m  about  1.2  parts  of  water  and  in  about  40  parts  of 
alcohol.    For  details  see  U.S.P.,  p.  383. 

For  teste  for  identity  and  for  impurities,  see  benzosulphinide. 

Remarks. — This  new  official  substance  is  the  soluble  form  of  saccharin 
described  above. 

Dose. — 200  milligrammes  (3  grains). 

ACmUM  SALICYLICUM— SaUcyUc  Acid 

(Acid.  Salicyl.) 

Orthohvdroxybenzoic  acid,  existing  naturally  in  combination  in  various  plantfl, 
but  generally  prepared  synthetically.  It  contains,  when  dried  to  constant  weight  in  a 
dessiccator  over  sulphuric  acid,  not  less  than  99.3  per  cent,  of  CTHeO*  or  CaHiCOH)- 
COOH  (138.05).  rreserve  it  m  well-closed  contamers. 
Summarized  Description. 
*  Pine  prismatic  needles  or  bulky  crystalline  powder;  sweetish,  then  acrid  taste; 
synthetic  is  white  and  odorless ;  natural  is  yellowish  and  smells  like  gaultheria ;  soluble  in 
about  460  parts  of  water  and  in  about  2.2  parts  of  alcohol;  also  soluble  in  chloroform, 
ether,  benzene  and  oil  of  turpentine,  melts  between  156°  and  159°.  For  details  see 
U.S.P.,  p.  23. 

For  tests  for  identity,  for  impatrities:  Iron,  phenol  or  coloring  matter  (alcoholic  solu- 
tion on  evaporation  gives  a  residue  which  is  not  more  than  sfightly  yellow  or  sUghtly 
pink).  Org^anic  impurities  (does  not  color  sulphuric  acid  more  than  faint  brown}. 
Hydrochloric  acid  (the  silver  nitrate  test)  ana  for  assay  see  U.S. P.,  p.  23  and  also 
Part  V  of  this  book. 

This  body  is  artho-oxybemoic  acid.  It  was  discovered  and  named  by 
Rria  in  1839  as  an  oxidation  product  of  salicin.  It  occurs  naturally  in 
several  of  the  volatile  oils,  notably  that  of  wintergreen  and  sweet  birch. 
The  synthesis  of  salicylic  acid  has  been  accompl&hed  in  several  ways. 
One  is  by  fusing  salicin  with  potassium  hydroxide.  It  can  also  be  made 
by  treating  orthocresol  with  potassa,  but  its  commercial  manufacture  is 
by  treatment  of  sodium  ^carbolate  with  carbon  dioxide,  this  being  the 
celebrated  Kolbe^s  process. 

This  can  be  best  explained  as  the  shoving  of  a  molecule  of  CO2  into 
a  molecule  of  phenol.     Phenol  is  CeHsOH,  or  it  can  be  expressed  as 

C6H4 TT    ;  treat  this  with  CO2,  and  we  get  salicylic  acid,  C6H4<pqqtt 

It  is  interesting  to  note  that  in  this  case  potassium  carbolate  cannot 
be  used  for  the  sodium  carbolate.  If  the  potassium  carbolate  is  used, 
instead  of  getting  ortho-oxybenzoic  acid,  we  obtain  the  para-oxybenzoic 
acid. 

Salicylic  acid  occurs  in  fine  white  needles  or  light  crystalline  powder, 
soluble  in  460  parts  of  water  and  2.2  parts  of  alcohol,  melting  at  156^  to 
159°C.  It  gives  a  very  characteristic  and  delicate  reaction  with  ferric 
chloride,  the  latter  agent  giving  a  distinct  red  tint  in  an  aqueous  solution 
of  one  part  salicylic  acid  to  400,(X)0  parts  water,  or,  roughly  speaking, 
1  grain  dissolved  in  7  gallons  of  water  will  give  distinct  reaction  with 
ferric  chloride.  More  concentrated  solutions  of  salicylic  acid  or  salicy- 
lates give  a  deep  purple  precipitate  with  ferric  chloride. 

Salicylic  acid  is  a  valuable  antipyretic,  antirheumatic,  and  antiseptic. 

Dose. — 750  milligrammes  (12  grains). 

Several  derivatives  of  salicylic  acid  are  official:  the  salicylates  of  the 
metals,  sodium,  lithium,  ammonium,  and  strontium;  of  the  alkaloids, 
physostigmine  and  quinine;  and  the  esters,  methyl  salicylate  and  phenyl 
salicylate. 
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AcetylsaUcyUc  Add  (N.N.R.),  or  aapinn,  C6H40(CH,CO)COOH.  is  salicylic  acid 
in  which  the  hydrogen  of  the  hydroxyl  group  has  been  replaced  by  tne  acetyl  group. 
It  is  made  by  heating  salicylic  acid  with  acetic  anhydride.  It  occurs  in  colorless  crys- 
talline needles  melting  at  135^0.  It  is  enormously  popular  as  a  substitute  for  salicyl- 
ates and  is  given  in  doses  of  from  $  to  15  grams  (0.3  to  1.0  gramme). 

Novaspirm    (N.N.R.),    or    methylene-caryl-scUicylic  acid,  CHfCOOC«H4COOH 


CHfCOOCeH4COOH. 

represents  the  citric  acid  molecule  to  which  one  oxy-methylene  and  two  salicycli 
groups  have  been  attached.     Its  use  is  similar  to  aspirin. 

METHYLIS  SALICYLAS— Methyl  SaUcylate 

(Methyl.  SalicyL— Oleum  Gaultheri»,  U.S.P.  VIII— Oil  of  Wintergreen— 
Oleum  Betul»,  U.S.P.  VIII— Oil  of  Sweet  Birch— Oil  of  Teaberry) 

It  contains  not  less  than  98  per  cent,  of  GHsCtHsOs  (152.06).  It  is  produced  syn- 
thetically or  is  obtained  by  distillation  from  Gatdtheria  procumhens  IAxm6  (Fam. 
EricacecB)  or  from  Betula  lenta  Linn^  (Fam.  BetiUacea).  The  label  must  indicate 
whether  the  methyl  salicylate  has  been  made  syntheticallv  or  distilled  from  either  of 
the  above-mentioned  plants.  Preserve  it  in  well-stoppered,  amber-oolored  bottles^  in  a 
cool  place,  prot^ted  from  light. 

Summarized  Description, 

Colorless,  yellowish  or  reddish  liquid;  odor  of  gaultheria;  si>aringly  soluble  in 
water;  misciole  with  alcohol  and  with  glacial  acetic  acid;  soluble  in  6  volumes  of  70 
per  cent,  alcohol  with  but  little  cloudiness;  sp.  gr.  1.180  to  1.185  (synthetic)  1.172  to 
1. 182  (natural) ;  boils  between  218**  and  221*C.     For  details  see  U.8.P.,  p.  272. 

For  tests  for  identity,  for  impurities:  Other  volatile  oils  or  petroleum  (dissolves  in 
potassium  hydroxide  without  leaving  oil  drops).  Heavy  metals  (hydrogen  sulphide 
test)  and  for  assay  see  U.S.P.,  p.  273  and  also  Part  V  of  this  book. 

Remarks. — The  present  pharmacopoeia  recognizes  under  the  title 
meihylis  salicylas,  the  three  commercial  varieties  of  this  chemical;  the 
synthetic  form  and  the  two  natural  oils,  that  of  wintergreen  and  of  sweet 
birch.  Synthetic  methyl  salicylate  is  made  by  treating  methyl  alcohol 
with  salicylic  acid  in  the  presence  of  sulphuric  acid,  as  shown  by  the 
following  equation : 

CH«OH     +     HC7H.O1     -     CH.CtHjO,     +     H,0. 

In  this  case,  as  in  making  all  esters,  the  sulphuric  acid  acts  as  a  dehy- 
drating agent,  removing  the  water  formed  during  the  reaction.  While 
both  oil  of  sweet  birch  and  oil  of  wintergreen  are  harvested,  the  yield  of 
the  latter  oil  is  so  small,  that  most  of  the  so-called  "oil  of  wintergreen"  is 
really  obtained  from  birch.  The  differentiation  between  these  two  oils 
is  a  matter  of  considerable  difficulty.  In  fact,  no  less  an  authority  than 
Professor  Kremers  claims  that  it  is  practically  impossible  to  decide  chem- 
ically whether  a  given  sample  is  from  wintergreen  or  from  birch.  The 
present  pharmacopoea  cites  as  a  distinction  that  oil  of  birch  is  optically 
inactive,  while  oil  of  gaultheria  is  slightly  levogyrate. 

As  methyl  salicylate  can  be  made  by  combining  methyl  hydroxide 
and  salicylic  acid,  so  oil  of  wintergreen  and  oil  of  birch  can  be  split  up 
into  these  two  constituents  by  the  process  of  treating  the  oil  with  sodium 
hydroxide,  when  the  methyl  salicylate  is  decomposed  by  the  following 
reaction: 

CHiCyHftOa     -f     NaOH     «     CH.OH     -h     NaCrHjO,. 
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This  process  of  breaking  down  an  ester  is  called  saponification,  because 
the  formation  of  soap  from  a  fixed  oil — an  ester  of  glycerin — ^is  accom- 
plished by  a  practically  identical  process.     (See  p.  665.) 

The  saponification  of  the  oil  of  wintergreen  under  the  influence  of 
sodium  hydroxide  is  applied  commercially  in  the  manufacture  of  the  so- 
called  natural  salicylate  of  sodium  and  salicylic  acid.  The  process  is  a 
simple  one,  the  oil  being  warmed  in  a  porcelain  dish  on  a  water-bath, 
and  then  treated  with  molecular  proportions  of  a  solution  of  soda,  when 
the  sodium  salicylate  separates  out  in  a  white  mass.  On  adding  water 
the  sodium  salicylate  dissolves,  the  solution  is  then  filtered,  and  sodium 
salicylate  obtained  from  the  solution  by  granulation  through  evaporation. 
In  preparing  sodium  salicylate  by  this  process  it  is  important  that  there 
be  a  slight  excess  of  acid,  otherwise  the  finished  product  will  have  an 
ugly  gray  color.  Scrupulous  pains  must  be  taken  to  avoid  any  contact 
with  iron  during  the  manufacture,  for  the  slightest  trace  of  iron  will 
color  the  sodium  salicylate  from  pink  to  red.  From  this  sodium  salicy- 
late a  natural  salicylic  acid  can  be  isolated  by  treatment  with  the  requi- 
site quantities  of  sulphuric  acid  and  crystallization  of  the  separated 
salicylic  acid  from  alcohol. 

These  three  forms  of  methyl  salicylate  are  used  as  antirheumatics, 
but  the  less  irritating  sodium  salicylate  is  usually  preferable. 

Dose.— 0.75  mil  (12  minims). 

PHENYLIS  SALICYLAS— Phenyl  Salicylate 
(Phenyl.  SalicyL— Salol) 

The  phenyl  ester  [Ci,HioO,  or  C5H4(OH)COOC,H5 1:2-  214.08]  of  salicylic  acid. 
Preserve  it  in  well-closed  containers  in  a  cool  place. 

Summarized  Description. 

White  crystalline  powder;  aromatic  odor;  characteristic  taste;  soluble  in  about 
6670  parts  of  water  and  in  about  5  parts  of  alcohol;  also  soluble  in  chloroform, 
ether,  benzene,  fixed  and  volatile  oils;  melts  between  41^  and  43''C.  For  details  see 
U.S.P.,  p.  318. 

For  tests  for  identity  and  for  impurities:  Free  acids  (Htmus  paper  test).  Uncom- 
bined  phenol  or  salicylic  acid  (no  violet  color  with  ferric  chloride).  Sulphates  and 
chlorides  (usual  tests)  see  U.S. P.;  p.  318  and  also  Part  V  of  this  book. 

OH 
This  graphic  formula,  C«H4  <qqqq  u  ,  shows  that  salol  is  salicylic 

acid  with  the  carboxyl  hydrogen  replaced  by  the  phenyl  group  (CcHs). 
It  can  also  be  written  as  phenyl  salicylate,  C^H^CyHsOa. 

Salol  is  an  artificial  ester  obtained  by  the  treatment  of  phenol  with 
salicylic  acid  in  the  presence  of  phosgene,  sulphuric  acid  not  being  indi- 
cated in  this  case,  since  its  action  would  be  too  violent.  The  equation 
of  manufacture  is — 

Like  phenol,  salol  liquefies  when  triturated  with  menthol  camphor  and 
thymol. 

Salol  is  a  remedy  of  comparatively  recent  origin,  and  has  been  found 
admirable  in  rheumatic  cases,  it  having  a  less  irritating  action  than  have 
the  other  salicylates. 

Dose. — ^300  milligrammes  (6  grains). 

Salol  is  interesting  because  insoluble  in  acids,  but  freely  soluble  in 
alkalis.    On  account  of  this  peculiarity  it  is  used  for  a  coating  for  enteric 
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pillS;  such  pills  being  desired  to  pass  through  the  acid  juices  of  the  stom- 
ach undissolved,  but  intended  to  dissolve  in  the  alkaline  juices  of  the  . 
intestines  (p.  311). 

Bo  successful  has  salol  proved  that  a  large  number  of  derivatives 
from  it  are  now  found  on  the  market. 

Salophen  is  acetyl-para-amido-salol,  P"^*^*  <  nHCOOH 

The  structure  of  this  body  can  be  best  explained  by  the  stages  of  its  manufacture. 

yOCO— C«H40H 
Salol  is  converted  into  para-nitro-salol,  P-C5H4— NO-.  This,  by  reduction, 

gives  para-amido-salol,  P-C6H4  <  j^g         *  ,  and  this,  treated  with  acetic  acid, 

yields  salophen. 

Salophen  is  used  as  a  salol  substitute  in  rheumatic  and  gastric  troubles,  it  being 
considered  safer  than  salol. 

/OC,H, 

Saliphen,  C6H4~NHG7H60s. — This  body  is  a  salicyi-phenetidin,  and  is  men- 
tioned m  passing  merely  to  call  attention  to  the  confusing  similarity  of  the  names  of 
these  two  substances. 

SaUcylamide,  C6H4<q^       '. — This  is  made  by  treating  oil  of  wintergreen  with 

ammonia  gas,  and  is  used  as  a  salicylic  acid  substitute. 

OH 
Cresaloli  ^6H4  <qqqq  tt  qtt  . — Salol  is  salicylic  acid  combined  with  the  phenol, 

C6H4OH.     Gresalol  is  ssdicylic  acid  combined  with  cresol,  CcH4r-CH| 

M)H. 
It  is  made  by  combining  sodium  salicylate  and  sodium  cresylate  in  the  presence 
of  phosphorus  oxychloride,  rOCli.     The  reaction  can  best  be  shown  by  the  two  com- 
pounds uncombined  with  sodium,  viz. : 

Salicylic  acid.  Cresol.  Cresalol. 

r»  IT  ^^OH  _i      r»  TT  ^^OH       ^     r^  vx  On. 

^•"*<COOH     +     ^«^*<CH,  ^•^*<COOC6H4CH,. 

DIOXTBENZOIC  ACIDS 

We  have  already  seen  that  salicylic  acid  is  a  mono-oxybenzoic  acid, 
or  a  phenol  in  which  one  atom  of  hydrogen  has  been  replaced  by  the 
carboxyl  group.  In  the  same  way  the  dioxyphenols,  by  substitution  of 
one  atom  of  hydrogen  with  carboxyl,  yield  dioxybenzoic  acids. 


(OHMS:  4). 
I,  C,H,C( 


Thus,  pyrocatechin,     o-CeH4(OH)2,  yields  protocatechuic  acid,  C«HsCOOH(l) 

(OHJ j(3 : 5). 
Resorcin,  m-CeH4(0H)»,  yields  resorcylic  acid,  CeH|COOH(l) 

(Om,c2:5). 
Hydroquinine,  p-C«H4(0H)i,  yields  gentisinic  acid,  CeHsCOOHCl). 

These  acids  are  of  little  importance  in  pharmacy. 

Gentisinic  add  is  a  decomposition  product  of  gentisin  (p.  642),  and 
protocatechuic  acid  is  of  interest  only  by  reason  of  an  important  deriva* 
tive  of  its  aldehyde. 

Protocatechuic  aldehyde  has  the  formula  CeHs^OH    ,  and  the  methyl 

ether  of  this  aldehyde  is  vanillin. 

VANELLINUM— Vanillin 
(Vanillin) 

Methylprotocatechuic  aldehyde  (CgHgO,  or  CeH,.OH.OCHj.COH  4:3:1  - 
152.06]  occurring  naturally  in  vanilla,  or  prepared  synthetically.  Preserve  it  in 
well-closed  containers,  protected  from  light. 
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Summarized  Description. 

Fine,  white  or  faintly  yellow,  crystalline  needles;  soluble  in  about  100  parts  of 
water  and  in  alcohol,  glycerin,  chloroform  or  ether;  optically  inactive;  melts  between 
80**  and  82''C.     For  details  see  U.S.  P.,  p.  485. 

For  tests  for  identity  and  for  imjmrities:  Acetanilid  (does  not  give  the  isonitrile 
reaction)  see  U.S. P. 

Remarks. — ^Vanillin  is  the  odorous  principle  of  the  vanilla  bean, 
which  has  long  been  popular  as  a  flavoring  agent.  The  extraction  of 
vanillin  from  vanilla  beans  is  a  matter  of  comparatively  little  difficulty, 
but  the  small  3rields  caused  its  commercial  extraction  to  be  at  a  cost 
almost  prohibitive.  The  researches  of  Tiemann,  however,  proved  the 
structural  formula  of  the  substance,  and  when  this  was  known,  the  in- 
vestigator found  it  a  matter  of  no  great  difficulty  to  prepare  vanillin 
from  cheaper  sources  than  from  vanilla  beans.  The  first  vanillin 
made  synthetically  was  made  from  coniferin  found  in  the  cambial  juices 
of  some  species  of  pine.  Vanillin  from  this  source  was  prepared  by  Tie- 
mann and  Haarmann  in  their  chemical  factory  at  Holzminden,  and  soon 
became  an  article  of  commerce.  A  few  years  later,  however,  Tiemann 
discovered  a  simpler  and  more  economic  source  of  the  production  of 
vanillin  in  eugenol,  a  constituent  of  the  oil  of  cloves,  from  which  it  is 
obtained  by  oxidation  with  potassium  permanganate. 

Vanillin  occurs  in  the  form  of  white  crystals,  melting  at  81**C.,  freely 
soluble  in  alcohol,  and  much  less  so  in  water.  It  possesses  a  delightful 
odor  of  the  vanilla  beans,  and  is  now  very  largely  used  instead  of  vanilla 
beans,  both  in  flavoring  extracts  and  particularly  in  perfumery. 

Dose. — ^30  milligrammes  {}4  grain). 

Vanilla  (U.S.P.  VIII;  N.F.  IV)  is  the  cured,  full  grown,  unripe  fruit  of  VanUla 
planifolia  Andrews  (Fam.  OrchidacetB),  It  contains  vanillin,  volatile  oil,  fixed  oil,  resin, 
sugar  and  mucilage.  There  is  a  great  variation  in  quality  of  commerce  vanilla  beans, 
rangine  from  Mexican  beans,  the  finest,  to  the  Tahiti  bean,  the  poorest — so  poor  that 
they  should  not  be  used.  The  poorer  the  quality,  the  more  mucilage  and  less  aroma 
the  bean  possesses.     Vanilla  is  used  almost  entirely  as  a  flavor. 
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Betizomdphuride, — (Manufacture)  Remsen  and  Fahlberg,  Am.  Ch.  Jl.,  1,  1879, 
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CHAPTER  XLV 
GALLIC  AND  TANNIC  ACIDS 

ASTRINGENT  DRUGS 

ACmUM  GALLICUM— GaUic  Acid 
(Acid.  GaUic.) 

An  organic  acid  [C7HeO,-|-HaO  or  C»H,(OH)i.  COOH  1 :3  ;4 :5-|-H,0«  188.06]. 

Summarized  Description, 

White  or  pale  fawn-colored  silky  interlaced  needles,  or  triclinic  prisms;  as- 
tringent, slightly  acidulous  taste,  soluble  in  about  87  parts  of  water,  in  about  3.7 
parts  of  alcohol  and  in  about  70  parts  of  ether;  almost  insoluble  in  chloroform.  For 
details  see  U.S.P.,  p.  11. 

For  teste  for  identity  and  for  impurities:  Tannic  acid  (is  not  precipitated  by  gelatin 
or  by  starch  solutions)  see  U.S. P. 

Remarks. — The  graphic  formula  of  gallic  acid  is — 

COH 

HC     COH 

i  A 


OH 

o  V 

O       H 
H 


/Y 


CflH2(OH)3COOH,  or,  massed  together,  HCyHgOs. 

Such  is  gallic  acid,  which  is  benzene  with  three  hydroxyls  and  one 
carboxyl  replacing  four  hydrogen  atoms. 

While  protocatechuic  acid  represents  dioxybenzoic  acid,  it  will  be 
seen  from  the  above  formula  that  gallic  acid  is  a  triaxybemaic  add. 
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Gallic  acid  was  isolated  from  nutgall  by  Scheele  in  1785,  who  gave  it  the 
name  from  the  source  of  its  supply. 

Gallic  acid  can  be  made  synthetically  by  fusing  of  bromoproto- 
catechuic  acid  with  potassa,  as  shown  in  the  following  equation: 

Bromoprotocatechuic  acid.  Gallic  acid. 

/(OH),  (OH), 

CeH^Br  +     KOH     =     KBr     +     C«H,C(X>H. 

\COOH 

It  is  usually  obtained  by  macerating  nutgalls  with  water  long  enough 
(several  weeks)  to  hydrolyze  the  tannin  into  gallic  acid.  The  cold  acid 
aqueous  liquid,  in  which  but  little  gallic  acid  and  much  of  the  foreign 
matter  dissolves,  is  expressed  and  thrown  away.  The  press  cake  is  then 
treated  with  boiling  water,  in  which  the  gallic  acid  freely  dissolves,  and 
the  hot  infusion  set  aside  to  permit  crystallization  of  the  acid. 

Gallic  acid  is  a  valuable  astringent,  of  particular  service  as  a  harmless 
agent  for  stopping  minor  hemorrhages,  such  as  nosebleed.  In  such  case 
snuffing  a  small  quantity  of  gallic  acid  up  the  nose  usually  staunches  the 
flow  of  blood.  It  is  given  as  an  intestinal  astringent,  and  is  also  used 
externally;  for  this  purpose  the  official  ointment  of  gallic  acid  is  recom- 
mended. 

Dose. — 1  gramme  (15  grains). 

Bismuth  subgallate  is  official,  and  has  been  described  among  the  prepa- 
rations of  bismuth  (p.  543). 

ACXDUM  TANNICUM— Tannic  Acid 
(Acid.  Tann. — Gallotannic  Acid — Tannin) 

A  tannin  usually  obtained  from  nutgalls.  Preserve  it  in  well-closed  containers,  in 
a  cool  place  protected  from  light. 

Summarized  Description, 

Yellowish-white  or  light  brown  amorphous  powder  or  glistening  scales  or  spongy 
masses;  very  faint  c^iaracteristic  odor;  strongly  astringent  taste;  soluble  in  about  1.25 
parts  of  glycerin  when  gently  warmed;  quite  soluble  in  water,  alcohol  and  diluted  alco- 
hol; less  so  in  dehydrated  alcohol;  almost  insoluble  in  ether,  chloroform,  benzene  and 
petroleum  benzin.    For  details  see  U.S.P.,  p.  26. 

For  iesU  for  ideniiiy,  for  im'jpiriiies:  Gum  or  dextrin  (no  turbidity  on  adding  alcohol 
to  an  aqueous  solution).  Resmous  matter  (hot  aqueous  solution  not  turbid  on  cooling 
or  on  further  dilution).    See  U.S.P.  and  also  Part  V  of  this  book. 

Remarks. — While  for  many  years  it  was  supposed  that  tannin  was  a 
definite  chemical,  di-«alUc  acid,  C«Hs(OH),— COQ— C6H2(OH)2COOH, 
the  researches  of  Fischer  and  Freudenberg,  Nierstein  and  Feist  and 
Haun  show  that  it  is  a  mixture  of  di-gallic  acid  with  other  bodies,  such 
as    glucogaUic  iicid,  CHjOH— CHOH— CH— CHOH— CHOH— CHO— 

I O 1 

CO — CeH2(OH)2  and  leucotannin,  C6H2(OH)3— O— CeH^— (0H)2C00H. 
For  this  reason  the  present  pharmacopoeia  assigns  no  symbolic  formula 
to  tannin.  Digallic  acid,  C14H10O9,  represents  two  molecules  of  gallic 
acid,  CtHsOj,  minus  one  molecule  of  water. 

The  tannic  acid  of  the  pharmacopoeia  is  but  one  of  the  very  interestins  series  of 
compounds  that  we  call  the  tannins  (or  tannoids).  Most  of  these,  instead  of  being 
pure  digallic  acid,  are  glucosides  thereof.  A  very  large  number  of  plants  yield  various 
forms  of  tannins,  and  very  few  of  these  are  identical. 

SfiTorts  have  been  made  toward  the  classification  of  the  tannins,  and  the  first 
groups  into  which  they  are  divided  are  according  as  to  whether  they  torm  with  iron 
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salts  a  green  black  precipitate  or  a  blu&-black  precipitate.     The  most  modem  classi- 
fication of  the  tannms  is  that  of  Kunz  Krause. 

NoN-QLUCOBiDAL  Tannoids:  Such  as  gallic  acid;  protocatechuic  acid,  digallic 
acid,  etc. 

Glucobioal  Tannoids: 

(a)  Glycotannoids. 

Protocatechuic  acid  derivatives,  such  as  cinchotannic  acid,  caffetannic  acid,  etc. 

Gallic  acid  derivatives,  such  as  pomegranate  root  tannin. 

(h)  Phloroglucin  tannoids, 
-    Protocatechuic  acid  derivatives,  such  as  quebracho  tannic  acid,  catechutannic  acid, 
kolatannin,  etc. 

Gallic  acid  derivatives,  none  yet  known. 

The  protocatechuic  acid  derivatives  mentioned  above  include  those  tannoids  turn- 
ing green  black  with  ferric  chloride;  while  the  '' gallic  acid  derivatives"  turn  blue  black 
with  ferric  chloride. 

It  will  be  noticed  in  the  pharmacopoeial  description  that  tannin  is 
precipitated  by  gelatin  (as  discussed  under  Clarification,  see  p.  140)  as  a 
leathery  substance,  leather  representing  this  very  substance.  Fresh  ani- 
mal hide  consists  of  gelatin  combined  with  a  mass  of  animal  fibers,  and 
when  this  is  macerated  in  a  solution  of  tannin  (generally  from  oak  bark), 
it  is  converted  into  leather  or  the  tannate  of  gelatin.  The  deep  blue- 
black  precipitate  produced  by  the  treatment  of  tannin  with  ferric  chloride 
solution  is  the  basis  of  most  of  our  writing  ink,  which  is  made  by  treating 
nutgall  infusion  with  iron  salts  and  adding  some  gummy  substance  which 
will  hold  the  precipitate  in  suspension. 

Tannin  is  obtained  by  exposing  powdered  nutgalls  to  a  damp  atmos- 
phere for  several  days,  and  then  macerating  with  a  small  quantity  of 
ether,  and  expressing  the  liquid,  repeating  the  maceration  and  expression 
with  ether  containing  one-sixteenth  its  bulk  of  water.  The  reason  of 
this  process  of  extraction  is  puzzling,  since  the  tannin  so  obtained  is 
practically  insoluble  in  strong  ether.  Tannin  can  also  be  extracted  from 
nutgall  with  a  mixture  of  alcohol  and  ether,  and  in  a  patented  process 
acetic  ether  is  the  solvent  employed. 

Tannic  acid  is  one  of  the  most  valuable  astringents,  and  is  used  both 
internally  and  externally.  When  used  internally,  it  is  given  for  diarrhea. 
For  this  purpose,  however,  it  is  usually  advisable  to  administer  a  tannin- 
bearing  drug,  such  as  catechu  or  krameria. 

ExternaUy,  it  is  used  to  staunch  the  flow  of  blood,  and  for  gargles  in 
sore  throat  and  as  an  application  for  piles. 

Dose, — 500  milligrammes  (8  grains). 

The  official  preparations  of  tannin  are  glycerite  of  tannic  acid,  troches 
of  tannic  acid,  and  ointment  of  tannic  acid. 

DRUGS  CONTAINING  ASTRINGENT  PRINCIPLES 

Krameria  (U.S. P.  VIII;  N.F.  IV)  or  rhatany  is  the  dried  root  of  Krameria  trianda 
Ruiz  and  Pavon  (Peruvian  Krameria),  Krameria  Ixina  Linn6  (Savanilla  Krameriaj)  or 
of  Krameria  argentea  Martius  (Para  or  Brazilian  Krameria)  (Fam.  Leguminosa).  It 
contains  kramerotannic  acid,  which  consists  of  pure  tannin,  phlobaphene,  and  extract; 
krameric  acid  rhatanhin  HO— C6H4— CH,CH(NHCH,)COOH:  red  coloring  mat- 
ter  and  starch.     It  is  used  as  an  astringent  in  15-grain  doses. 

Geranium  (XJ.S.P.  VIII;  N.F.  IV)  or  craneshiU  is  the  dried  rhizome  of  Geranium 
macukUum  Linn^  (Fam.  Geraniacece),  It  contains  tannin,  gallic  acid,  mucilage  and 
resin,  and  is  used  as  an  astringent  in  15  grains. 

Rubus  (U.S.P.  VIII;  N.F.  IV)  or  blackberry  root  is  the  dried  bark  of  the  rhizome  of 
RvbiLs  viUo8U8  Alton,  Rubus  nigrobacctts  Bailey,  or  of  Rubue  cuneifclius  Pursh  (Fam. 
Rosacea^).  It  contains  tannin,  inUosin  (bitter  glucoside),  etc.,  and  is  used  as  an  astrin- 
gent in  15-grain  doses. 

HaBmatozylon  (U.S.P.  VIII;  N.F.  IV)  or  logwood  is  the  heart-wood  of  Hctmatoxylon 
campechianum  Linn^  (Fam.  Leguminowx),  that  has  not  undergone  fermentation.     It 
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« 
contains  tannin  and  hematoxylin,  a  neutral  principle  having  the  formula  OieHi40c, 
and  giving  the  wood  its  color. 

rfiie  "heart  wood"  means  the  heavier  older  wood  found  in  the  interior  of  a  trunk. 
Its  technical  name  is  the  "duramen^"  while  the  lighter,  younger,  outer  wood  is  called 
the  "alburnum."  The  hematoxylm  mentioned  above  has  chemical  value  as  ah 
indicator  in  volumetric  analysis  (p.  881). 

Chief  use  of  loewood  is  m  dyeing,  a  decoction  of  the  wood  mixed  with  copperas 
coloring  fabrics  a  deep  black.  For  dyeing  purposes,  however,  the  wood  is  generallv 
submitted  to  a  fermentation  process,  when  it  assumes  a  green,  metallic  lustre.  Such 
wood  should  not  be  used  in  medicine.  Hematoxylon  is  used  as  an  astringent  usually 
in  the  form  of  the  extract  (p.  281). 

fiamamelidis  Cortex  (U.S. P.  VIII)  or  witch  hazel  hark  is  the  bark  and  twigs 
o(  Hamamelis  vvrginiana  linn^  (Fam.  J7amame2uiace(s.)  It  contains  tannin,  bitter 
principle,  chloropnyll  and  trace  of  volatile  oil.     It  is  an  astringent  of  little  value. 

Dose, — 30  grains. 

Hamamelidis  Folia  (U.S.P.  VIII;  N.F.  IV),  or  wUch  hazelleaves.  are  the  dried  leaves 
of  Hamamelis  virginiana  Linn4  (Fam.  Hamameii4aceai),  collected  in  autumn,  before 
the  flowering  of  the  plants.  The  drug  contains  tannin  and  a  trace  of  volatile  oil  and  is 
used  as  an  astringent,  in  30-grain  doses. 

Quercus  (U.S.P.  VIII;  N.F.  IV),  or  while  oak  hark,  is  the  dried  bark  of  the  trunks  and 
branches  of  Quercus  aJha  Iinn4  (Fam.  FagaceoB)  deprived  of  the  periderm,  or  the  outer 
corky  layer  of  the  bark.  It  contains  tannin  (quercitannic  acia)  oak  red  and  pectin 
and  is  used  as  an  astringent  in  15-grain  doses. 

ROSA  GAILICA— Red  Rose 
(Rosa  Gall.) 

The  dried  petals  of  Rosa  gallica  Linn6  (Fam.  Rosacea),  collected  jiist  before  the 
expansion  of  the  flower.  Preserve  Red  Rose  in  tightly  closed  containers/  protected 
from  the  light. 

Constituents. — ^Tannin,  gallic  acid,  trace  of  volatile  oil,  quercetin, 
color,  etc. 

Medical  Properties. — Astringent  tonic.  Rose  honey,  U.S.P.  (p.  204) 
was  formerly  highly  esteemed  as  a  wash  for  sore  mouth.  It  is  made 
from  the  official  fluidextract  (p.  245). 

Rosa  Centifolia  (U.S.P.  1890)  or  pale  rose  contains  a  trace  of  tannin,  and  was  used 
chiefly  as  a  flavor.  Bear  in  mind  that  while  the  official  stronger  rose  water  (p.  177) 
is  made  from  these  two  roses,  oil  of  rose  comes  from  a  different  species  of  rose. 
(See  p.  742.) 

GALLA— NutgaU 
(Gall. — Aleppo  Galls — Smyrna  Galls) 

Excrescences  on  the  young  twi|;8  of  Quercus  infectoria  Olivier  and  other  allied 
species  of  Quercus  (Fam.  ragcuiece),  induced  by  the  punctures  on  the  leaf-buds  and  by 
tne  deposited  ova  of  Cynips  tinctoria  Hartig  (Order  Hymenoptera).  Not  more  than  5 
per  cent,  of  Galls  float  in  water. 

CoTistiiuents. — ^Tannin,  50  per  cent,  (a  glucosidal  form  that  hydrolyzes 
to  glucose  and  digallic  acid);  gallic  acid,  3  percent.;  pectose;  a  ferment 
(pectase),  etc. 

Remarks. — The  above  official  definition  ("excrescences  on  the  young 
twigs  of  Quercus  infectoria^*)  should  be  analyzed  if  it  is  to  be  clearly 
understood.  Excrescence  means,  literally,  "an  outward  growth."  In 
medicine,  a  boil,  a  mole,  and  a  wart  are,  alike,  excrescences,  likewise,  to 
a  certain  extent,  the  swellings  caused  by  insect-bites,  all  such  "outward 
growths"  being  the  result  of  abnormal  development  of  tissue  caused  by 
some  irritation.  So,  in  plainer  English,  we  may  say  that  nutgall  is  a 
swelling  on  Quereiis  infectoria,  a  swelling  "induced  by  the  punctures  and 
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by  the  deposited  ova  of  Cynips  tindoria.**  To  explain  that  part  of  the 
definition  just  quoted  is  easy.  It  has  just  been  said  that  when  an  insect 
bites  us,  an  "excrescence"  is  formed  on  the  injured  part.  Likewise, 
official  nutgall,  the  excrescence  on  a  special  variety  of  oak,  is  caused  by 
the  bite  (puncture)  of  a  special  insect — Cynips  tindoria.  This  insect  not 
only  stings  the  oak,  but  also  deposits  in  the  puncture  its  eggs  (ora,  plural 
for  ovum,  an  egg),  and  these  are  the  foreign  bodies  that  increase  the 
irritation. 

To  make  a  r6sum6,  the  insect,  Cynips  tinctoria,  with  that  unerring 
instinct  given  by  Providence,  chooses  the  tissue  of  an  oak  tree  as  the  best 
place  in  which  its  young  may  be  hatched,  and,  accordingly,  pierces  the 
younger  branches  and  deposits  its  eggs  m  the  hole. 

The  stung  branch  swells  just  as  does  a  stung  arm,  and  still  more  so, 
by  reason  of  the  irritating  particles  (the  eggs)  contained  in  the  wound. 
So  the  swelling  continues,  until  a  round  knob,  about  the  size  of  a  cherry, 
is  formed— a  morbid  growth  not  unlike  a  wen  or  a  tumor  on  human 
beings.  While  the  excrescence,  the  nutgall,  is  growing,  the  insect  eggs 
are  undergoing  that  process  of  development  called  hatching,  and  when 
the  nutgall  assumes  its  full  size,  the  eggs  will  have  hatched  and  the  young 
and  hungry  grubs  enter  into  their  curious  world.  All  insects  have  two 
stages  of  existence,  as  seen,  for  instance,  in  the  caterpillar,  the  larval 
stage,  and  the  butterfly,  the  most  highly  developed  stage  of  the  same  ani- 
mal. In  their  larval  state  insects  are  destitute  of  wings,  and  in  just  such 
condition  is  Cynips  tinctoria  SiS  it  emerges  from  its  egg  within  the  nutgall. 
To  its  voracious  appetite  thie  soft  tissue  of  the  nutgall  is  exactly  suited, 
and  within  this  dark  home  it  lives  its  larval  life,  and  only  after  it  has 
undergone  the  second  transformation  and  becomes  an  insect  does  it 
desire  to  see  the  outer  world.  Then  it  bores  its  way  through  the  walk 
of  its  prison  cell,  entering  the  living  world  about  six  months  after  the  egg 
was  laid. 

As  a  matter  of  fact,  nutgall  should  be  collected  before  the  insect  has 
escaped,  hence  the  gall  should  not  be  punctured,  and  on  slicing  should 
show  a  cavity  containing  remnants  of  the  insect. 

As  already  mentioned  (p.  715),  nutgall  is  the  source  of  both  official 
tannin  and  of  gallic  acid. 

Medical  Properties. — Valuable  astringent.  The  official  ointment  (p. 
332)  is  largely  used  for  hemorrhoids. 

Dose. — 500  milligrammes  (8  grains). 


(Pale  Catechu) 

A  dried  extract  prepared  from  decoctions  of  the  leaves  aud  twigs  of  Ourouparia 
Gambir  (Hunter)  B^lon  (Fam.  Rubiacea). 

Consttiuents. — Catechu-tannic  acid;  catechrn,  quercetin,  etc. 

Remarks. — This  drug  replaces  the  formerly  official  catechu.  It  occurs 
in  pale  brownish-gray  or  light  brown  cubes,  quite  different  in  appearance 
from  the  dark  brown  catechu.  It  is  vised  extensively  as  a  dye-6tuff, 
coloring  black  when  combined  with  iron  salts. 

Medical  Properties. — ^Astringent.  Administered  in  diarrhea  mixtures 
as  the  compound  tinctiu'e  (p.  227),  and  for  throat  troubles  as  the 
lozenges  of  The  National  Formulary  (p.  322). 

Dose. — 1  gramme  (16  grains). 
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Catecho,  the  extract  of  the  wood  of  Acacia  catechu,  was  official  until  the  last  revi- 
sion, when  it  was  replaced  by  gambir,  with  which  it  is  identical  as  far  as  constituents 
and  medical  properties  are  concerned. 

KINO— Kino 

The  spontaneously  dried  juice  of  Pterocarpus  Marsupium  Roxburgh  (Fam.  Le* 
guminosoe). 

Constituents. — Kinotannic  acid;  kinoic  acid,  kinoin,  CiiHisCe;  kino 
red,  CigHaiCji,  etc. 

Remarks. — The  only  point  worth  noting  regarding  kino  is  the  fact, 
abeady  mentioned  (p.  228),  that  kino  contains  an  enzyme  which  causes 
the  tincture  to  gelatinize,  unless  the  official  recipe  is  strictly  followed. 

Medical  Properties.— Astringent.  Administered  in  diarrhea  mixtures 
as  tincture  (p.  228). 

Dose. — 500  milligrammes  (Stains). 
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CHAPTER  XLVI 


AROMATIC  HYDROCARBONS  CONTAINING  EIGHT,  NINE,  AND 

TEN  CARBON  ATOMS 

The  hydrocarbons  of  the  series  CnHan-ey  containing  eight  carbon 
atoms,  have  the  empiric  formula, 

C»Hio 

Cn         ~  Cg 

H,n-6  *  H,x»  =  16.     16  -  6  =  10.     Hence  Hio 

This  formula  includes  the  three  forms  of  dimethyl-benzene,  CeH*- 
(CHs)2i  that  is,  ortho-,  meta-,  and  para-xylenes,  and  also  ethyl  benzene. 
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CeH6C2H5.  From  the  three  xylenes  are  derived  the  three  forms  of 
phthalic  dcid,  C6H4(COOH)2, which  are  mentioned  in  passing  because  the 
anhydride  of  the  ortho  acid  in  condensation  with  phenol  yields  phenoU 
phthalein. 

PHENOLPHTHALEINUM— Phenolphthalein 

(Phenolphthal.) 

A  dibasic  phenol  derivative  (dihydroxyphthalophenone)  [CS0H14O4  or  (CeH40H)t- 
CO.C6H4CO =318.11], 

Summarized  Description, 

White  or  faintly  yellowish-white  crystalline  powder;  soluble  in  about  10  parts  of 
alcohol  and  in  about  50  parts  of  ether;  almost  insoluble  in  water;  melts  at  not  less  than 
253^0. ;  dissolves  in  solutions  of  alkaline  hydroxides  and  carbonates  to  a  red  fluid:  such 
solutions  are  decolorized  by  reduction  or  by  addition  of  acids.  For  details,  see  U.S.P., 
p.  317. 

For  tests  for  identity  and  for  impurities  (Resinous  substances  (alcoholic  solution  is 
colorless). 

Fluorene  (completely  soluble  in  a  diluted  solution  of  sodium  hydroxide). 

Heavy  metals  and  arsenic  (usual  tests)  see  U.S. P.,  p.  318  and  also  Part  V  of  this 
book. 

Remarks, — This  new  official  chemical  has  the  structural  formula: 

CO  c 

\      /   \c.H40H. 

Study  will  show  that  this  is  made  of  a  part  of  one  molecule  of  phthalic 

C0\ 
acid  anhydride,  ^6114^0,  and  two  molecules  of  phenol.     It  is  made 

by  heating  these  two  substances  with  concentrated  sulphuric  acid. 

Medical  Properties. — Phenolphthalein  has,  of  late  years,  become  a 
highly  popular  purgative.  It  is  the  main  constituent  of  such  proprie- 
taries as  probilin  and  phenolax. 

Dose. — 150  milligrammes  (2^  grains). 

As  a  derivative  of  ethyl  benzene  might  be  cited  epinephrine  CeHs(OH)sCHOH- 
CHsNHCHs,  obtained  from  the  suprarenal  glands  (p.  851),  and  frequently  prescribed 
under  the  trade  names,  adrenalin^  odrtn,  odnep^rtn,  etc. 

Para-hydro3^^hyl-phenylaminef  GeH4(0H)CHsCHtNHs,  has  been  shown  to  be 
an  active  constituent  of  ergot  (p.  837). 

Among  the  hydrocarbons  of  this  series  containing  nine  carbon  atoms 
are  the  three  trimethyl  benzenes,  CeH8(CH3)8,  of  which  the  most  im- 
portant is  the  synunetric  form,  mesitylene;  the  three  methyl-ethyl  ben- 

CH 
zenes,  C6H4<q  tt  ;  and  the  two  propyl  benzenes,  CeHgCsHr,  of  which 

CH 

the  most  important  is  the  isopropyl  form,  cumeney  CeHs — ^^^rjH** 

Of  far  greater  importance  in  pharmacy  are  the  unsatiurated  hydro- 
carbons of  this  series,  aUyl  benzene,  C6H6CH  =  CH— CH»,  and  tsonzZIyl- 
henzene,  C6H6CH2CH  =  CH2.  Neither  of  these  bodies  in  themselves  are 
of  pharmaceutic  interest,  but  each  furnishes  a  long  line  of  derivatives, 
many  of  which  are  constituents  of  volatile  oils.  Thus  the  alcohol  of 
allyl-benzene  is  dnnamic  alcohol,  C6HbCHs=CHCH20H,  and  this  on  oxi- 
dation yields  dnnamic  aldehyde,  CeHsCHsCHCHO,  and  dnnamic  addf 
C«HbCH=CHCOOH. 
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The  following  derivatives  of  allyl  benzeoe  and  iso-allyl-benzene  are 
of  pharmaceutic  importance: 
Cinnamic  alcohol. 
Cinnamic  aldehyde. 
Cinnamic  acid. 
Coumaric  acid. 
Coumarin. 
Anethol. 
Eugenol,  XJ.S.P. 
Safrol,  U.S.P. 
Apiol. 

Cinnaldehydttm  (U.S. P.,  VIII)  or  cinnamic  aldehyde  is  the  aldehyde  obtained  from 
oil  of  cinnamon  (p.  745).  It  can  also  be  made  synthetically  as  suggested  above.  Like 
oil  of  cinnamon,  it  is  used  as  a  canninative.     Dose,  1  minim. 

Both  cinnamic  aldehyde  and  cinnamic  acid  are  found  in  nature  else- 
where than  in  oil  of  cinnamon;  that  class  of  drugs  called  balsams  being 
oleoresins  containing  benzoic  and  cinnamic  acids,  and  usually  some  traces 
of  the  corresponding  aldehydes. 

Cinnamic  add  is  a  crystalline  solid  of  agreeable  aromatic  odor,  and  can  be  con- 
verted  into  oxycinnamic  acid   (coumaric  acid),  C^BiA^Q^    _   chCOOH      ^^®^ 

coumaric  acid  is  treated  with  acetic  acid  anhydride  a  molecule  of  water  separates,  with 
the  formation  of  coumarin. 

Coumarin  (N.F.)  ia  the  anhydride  of  ortho-oxycinnamic  acid.  Its  graphic 
formula  is 

a— CO 

C.H4<  I 

\CH«CH 

Coumarin  was  so  named  because  first  obtained  from  the  Tonka  bean,  the  fruit  of 
Dipteryx  odorata  (formerly  called  Coumarouna  odorata). 

The  synthesis  of  coumarin  from  coumaric  acid  was  accomplished  by  Tiemann  in 
1877.  and  at  present  almost  all  the  coumarin  in  commerce  is  made  artificially. 

Coumarin  is  also  found  in  the  aromatic  herbs,  such  as  deer's  tongue  (Liatrie 
odarisaima)  and  mellilot  (MeUHotus  alba).  There  are  also  traces  in  the  ordinaiy 
grasses,  in  which  it  becomes  prominent  on  drying;  producing  the  odor  of  new-mown 
hay. 

Coumarin  occurs  in  white  crystals,  melting  at  67°C.,  soluble  in  14  parts  of  alcohol, 
and  sparingly  soluble  in  water.  It  is  used  for  flavoring  the  cheaper  grade  of  vanilla 
extracts. 

Among  other  derivatives  of  allyl-benzene  we  find:  Feridaic  acid  (methyl-oxy- 

/OH 

cinnamic  acid),  CeH^-OCHs  ,  the  chief  constituent  of  the  resin  of  asa- 

\CH  =  CHC500H 

fetida  (p.  777). 

OCH 
Anethol  (para-propenyl-anisol),  formula^  Cen4<Qu\!  CHCH 

OH 
This  body  is  the  methyl  ether  of  the  phenol  of  allyl-benzene,  C8H4  ^q-q  j_»  qh CH 

and  is  the  chief  constituent  of  the  oils  of  anise,  star  anise,  and  fennel.     It  is  a  crystal- 
line solid,  melting  at  21°C. 

Two  derivatives  of  iso-«dlyl-benzene  (CeHjCHaCH  =  CHi)  are  worthy  of  notice. 

EUGENOL— Eugenol 

An  unsaturated,  aromatic  phenol  [CioHijOs  or  C«Ha.CsHs.OCHs.OH  1 :3:4a 
164.10]  obtained  from  oil  of  clove  and  from  other  sources.  Preserve  it  in  well-closed 
containers,  in  a  cool  place,  protected  from  light. 

46 
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Summarized  Description. 

Colorless  or  pale  yellow  strongly  refractive,  thin  liquid;  aromatic  odor  of  doves; 
pungent,  spicy  taste;  darkens  and  becomes  thicker  on  exposure  to  air;  sp.  ^.  1.064  to 
1.070;  miscible  with  alcohol;  soluble  in  2  parts  of  70  per  cent,  alcohol;  boils  between 
250**  and  255°C.;  optically  inactive.    For  details  see  U.S.P.,  p.  141. 

For  testa  for  ideifUity  and  for  imparities:  Phenol  (alkaline  solution  gives  gray-green, 
not  a  violet  color  with  ferric  chlonde),  see  U.S.P.  p.  141. 

.CH2CH  =  CH2(1) 
Remarks, — Eugenol  is  allyl  guaiacol,  CeHj^-OCHs  (3),  or  the 

^OH  (4) 

methyl  ether  of  the  divalent  phenol  from  iso-allyl-benzene, 

yCH2CH = CH2 
CeH^OH  ,  and  is  the  chief  constituent  of  the  oil  of  cloves. 

It  is  an  aromatic  oily  liquid,  boiling  at  about  250^0. 

Its  conversion  into  vanillin  has  been  already  described  (p.  713).  Its 
medical  properties  are  similar  to  oil  of  cloves,  from  which  it  is  derived. 

Dose, — 0.2  mil  (3  minims). 

Safrolum  (U.S.P.  VIII),  or  safrol^  is  allyl  pyrocatechin-methylene-ether, 

/CH2— CH  =  CH,(1) 

and  represents  eugenol,  with  its  methyl  group  replaced  by  the  methylene  group 

I     Q>CHg)  .    It  is  the  chief  constituent  of  oil  of  sassafras,  and  is  a  crystalline  solid, 

melting  at  8.5''C.  and  boiling  at  233^0.     Its  medical  properties  are  similar  to  oil  of 
sassafras,  after  which  it  is  named. 


Apiol,  CeH 


CHjCH^CHj 

OCH, 

OCHa  is  safrol,  with  two  hydrogen  atoms  of  its  bensene 

10' 


;>CH„ 


nucleus  replaced  by  (OCH«)  groups.  It  is  a  constituent  of  parsley  fruit,  and  is  a 
crystalline  solid,  melting  at  30**C.  Commercial  apiol,  highly  esteemed  by  French 
physicians  as  an  emmenagogue,  is  said  to  be  the  oleoresin  of  parsley  fruit.  This  oleo- 
resin  is  now  official  (see  p.  254),  as  well  as  the  drug,  from  which  it  is  derived  (p.  752). 

Several  hydrocarbons  having  the  formula  C10H14  are  known.     The 

.CH, 
simplest  of  these  are  the  methyl-propyl-benzenes,  C6H4^--C|H7.    As  all 
bi-derivatives  of  benzene  are  known  in  three  modifications,  ortho-,  meta-, 
and  para-  (see  p.  701),  so  we  have  ortho-,  meta-,  and  pararmethyl-propyl 
benzene,  in  which  the  propyl  group  is  normal,  viz. : 

Ortho-  Meta-  Para- 

GHs  CH|  GHt 

i  i  i 

/   \  /   \  /   \ 

HC    0-CH,CH,CH,    HC     CH  HC    CH 

HC     CH  HC     C— CH,CH,CH,    HC     CH 

^y  \^^  \^^ 

c  c  c 

H  H 


CH, 


GH>CH« 
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More  important  than   these,   however,   is  the    para-methyl-isopropyl- 

benzene,  or  cymene: 

CH, 

HC         CH 

Hi      ia 
V 


i 


H 


This  hydrocarbon,  thus  named  because  first  found  in  oil  of  cumin  (Cuminum 
cyminum),  is  made  synthetically  by  treating  para-brom-isopropyl-benzene  with 
methvl  iodide  in  the  presence  of  metallic  sodium. 

The  graphic  formula  of  cymene,  ^iven  above,  is  proved  correct  by  the  83mtheBi8 
just  mentioned,  and  also  by  its  behavior  under  various  oxidizing  agents. 

Under  certain  conditions  of  oxidation  it  can  be  changed  to  para-toluic  acid, 
yCH, 
C«H4— COOH;  to  terephthalic  acid,  C«H4(COOH)i,  or  to  cuminic  acid, 


/COOH        (1) 
C.HA€H(CH,),  (4). 


It  will  be  noted  that  in  the  first-named  acid  the  propyl  group  is  oxidized  to  the 
carboxyl  group:  in  the  third-named  acid  it  is  the  methyl  group  that  is  converted  into 
the  carboxyl,  tne  isopropyl  group  remaining;  while  in  the  second  acid  both  methyl 
and  propyl  groups  are  changed  to  carboxyl  groups.  Since  all  three  acids  have  the 
groups  attached  to  the  benzene  nucleus  in  the  para-position,  that  must  be  the  position 
of  the  methyl  and  propyl  groups  in  the  cymene. 

Cymene  is  of  little  practical  importance  in  pharmacy,  but  it  is  of 
interest  as  a  constituent  of  several  volatile  oils,  notably,  the  oils  from 
the  various  species  of  thyme. 

The  following  cymene  derivatives  or  analogues  are  of  pharmaceutic 
importance: 

Thymol,  U.S.P.  ' 

Thymol  iodide,  U.S.P. 

Carvacrol. 

Carvone. 

THYMOL— Thymol 

A  phenol  [CioHi40  or  C»H,(CH,)(OH)(C,H7)  1:3:4  =  150.11]  occurring  in  the 
volatile  oil  of  Thymus  vulgaris  Linn^  (Fam.  Labiat<B)j  and  in  some  other  volatile  oils. 
Preserve  it  in  weU-closed  containers. 

Summarized  Description. 

Lar^e,  colorless,  translucent,  rhombic  prisms;  aromatic  thyme-like  odor;  pungent 
aromatic  taste;  slightly  caustic  to  the  lips;  soluble  in  about  1010  parts  of  water  and  in 
about  0.8  part  of  alcohol:  also  soluble  in  chloroform,  ether,  olive  oil,  glacial  acetic  acid, 
fixed  and  volatile  oils;  wnen  solid,  heavier  than  water,  when  fused  lighter  than  water; 
melts  between  48®  and  51°C.;  liquefies  when  triturated  with  camphor  or  menthol. 
For  details  see  U.S.?.,  p.  442. 

For  tests  for  identity,  for  impurities:  Phenol  (alcoholic  solution  not  colored  violet 
by  ferric  chloride)  see  tf.S.P. 

Remarks, — Thymol  is  iso-propyl-meta-cresol : 

/CH3         (1) 

CH^OH  (3) 

^CH(CH,)2        (6). 

It  is  an  alcohol  closely  allied  to  cymene. 
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It  occurs  in  several  volatile  oils;  one  of  the  most  abundant  sources 
being  oil  of  horsemint.  Thymol  is  obtained  by  saponifying  oil  of  horse- 
mint  or  oil  of  thyme,  or  a  specific  fraction  of  the  same,  with  sodium 
hydroxide.  The  thymol  sodium  compound  dissolves  in  the  aqueous 
layer,  which  is  separated  from  the  oily  portion,  and  the  thymol  set  free 
by  treating  with  hydrochloric  acid. 

It  is  also  made  in  the  manner  similar  to  the  manufacture  of  menthol, 
that  is,  by  submitting  the  oil  to  a  freezing  mixture  and  separating  the 
stearopten  (thymol)  from  the  eleopten  (p.  729)  by  means  of  a  centrifugal 
apparatus.  Another  method  of  obtaining  thymol  is  by  the  fractional 
distillation  of  the  oils  mentioned  above.  Of  these  three  processes,  the 
chemical  treatment  with  sodium  hydroxide  is  the  one  generally  employed. 
Thymol  has  also  been  made  synthetically  from  cumin  aldehyde. 

Thymol  affords  an  interesting  illustration  of  crystallization  by  means 
of  a  nucleus.  When  obtained  by  the  several  methods  just  mentioned 
it  is  in  the  form  of  the  thick  liquid,  and  it  is  only  when  a  crystal  of 
thymol  is  introduced  that  the  mass  crystallizes.  Thymol,  "when  rubbed 
with  some  soUd  substance,  such  as  chloral  hydrate,  menthol,  and  camphor, 
forms  a  thick  liquid.  A  characteristic  test  for  thymol  is  the  blue-green 
color  produced  when  a  crystal  of  it  is  dissolved  in  glacial  acetic  acid  and 
treated  first  with  sulphuric  acid,  then  with  nitric  acid. 

Medical  Properties. — An  antiseptic,  now  largely  used  in  the  treatment 
of  hookworm.  When  used  for  the  latter  purpose,  purgative  oils  must 
not  be  given  during  the  administration  of  the  thymol,  since  oils  hasten 
its  absorption  to  such  a  degree,  that  toxic  symptoms  result. 

Dose. — As  antiseptic,  125  milUgrammes  (2  grains),  as  anthelmintic, 
1  gramme  (15  grains)  per  day. 

THYMOLIS  lODIDUM— Thymol  Iodide 

(Thymol.  lod.) 

Chiefly,  dithymol-di-iodide  ICmH,40,I,  or  (C«H,.CH^C»H7.0I),  =  550.03].  It 
contains,  when  dried  to  constant  weight  in  a  desiccator  over  sulphuric  acid,  not  less 
than  43  per  cent,  of  iodine  (I  —  126.92).  Preserve  it  in  well-closed  containers,  pro- 
tected from  light. 

Summarized  Description, 

Reddish-brown  or  reddish-yellow  bulky  powder;  slight  aromatic  odor;  insoluble  in 
water  or  glycerin;  slightly  soluble  in  alcohol;  ^uite  soluble  in  chloroform,  ether,  collo- 
dion, fixed  or  volatile  oils;  not  soluble  in  sodmm  hydroxide  solution;  not  more  than 
1.5  per  cent,  of  ash.     For  details  see  U.S. P.,  p.  442. 

For  testa  for  identity,  for  impurities  (halogens,  alkalies,  free  iodine)  and  for  tissay 
see  U.S. P.,  p.  443  and  also  Part  V  of  this  book. 

Remarks. — This  is  the  popular  aristol,  or  dithymol  di-iodide: 

/OI 

I        /CaHy 

It  is  made  by  adding  solution  of  6  grammes  of  iodine,  9  grainmes 
of  potassiimi  iodide,  in  10  grammes  of  water,  to  a  solution  consisting  of 
5  grammes  of  thymol  in  10  grammes  of  13  per  cent,  sodium  hydroxide 
solution.    On  mixing,  aristol  separates  out  in  the  form  of  a  brown  powder. 
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Aristol  is  a  valuable  iodoform  substitute,  containing  the  iodine  in 
an  easily  assimilable  form.  From  the  standpoint  of  the  iodine  strength, 
however,  it  is  inferior  to  both  iodoform  and  iodol,  for,  as  indicated  by  the 
formula,  C20H24O2I2,  it  contains  46  per  cent,  of  iodine  (being  2^%5o 
iodine).  The  pharmacopoeial  requirement  is  that  it  should  contain  43 
per  cent,  of  iodine  and  should  yield  not  more  than  1.5  per  cent,  of  ash. 

While  the  popularity  of  aristol  is  largely  due  to  the  persistent  adver- 
tising of  the  firm  who  hold  the  monopoly  of  manufacture,  it  is  a  very 
valuable  antiseptic,  possessing  over  the  iodoform  the  great  advantage 
of  having  an  agreeable  odor.  Some  care  should  be  bestowed  on  the 
keeping  of  aristol,  as  it  is  found  that  it  decomposes  when  subjected  to 
strong  light. 

Carvacrol. — An  isomeric  alcohol  of  thymol  is  carvacrol,  iso-propyl-ortho-cresol, 

/CH,    (1) 
CHs^H      (2) 
^C.Ht  (4). 

A  comparison  of  this  formula  with  that  of  thymol,  given  above,  shows  that  the 
only  difference  is  that  in  thymol  the  propyl  group  is  attached  to  carbon  atom  number 
6  of  the  benzene  nucleus,  while  in  carvacrol  it  is  attached  to  carbon  atom  number  4. 
In  both  substances  the  propyl  group  is  of  the  "iso"  variety. 

Carvacrol  has  been  made  synthetically  from  cymene  by  converting  the  latter 
(Formula  I)  into  its  sulphonic  acid  derivative  (Formula  II).  and  on  replacing  the 
acid  group  by  a  hydroxy!  group,  carvacrol  (Formula  III)  is  obtained. 

• 

Formula  I.  Formula  II.  Formula  III. 

p„^CH,     (1)  /CH,       (1)  /CH,       (1) 

U6ll4<c^H^    (4)  CeH^SCH     (2)  C«H,^H         (2) 

^CHr   .  (4)  NCHt      (4) 

This  body-^a  colorless,  thick,  acrid  oil — is  of  little  importance  in  pharmacy, 
save  as  a  constituent  of  some  volatile  oils,  notably  oil  of  origanum. 

It  was  first  prepared  by  heating  carvone  with  glacial  phosphoric  acid,  and  because 
so  obtained,  and  by  reason  of  its  acridity,  it  was  callea  carvacrol. 

Carvone. — 

CH, 

i  ■ 

HC         CO 

HtC  CQs 

\   / 
CH 


[,CH  = 


CHsCH  =  CH, 

This  body  is  a  ketone,  and  is  isomeric  with  carvacrol. 

There  are  two  forms  of  carvone,  having  the  same  graphic  formula,  but  differing 
in  that  one  deviates  a  ray  of  polarized  light  to  the  right,  while  the  other  turns  it  to  the 
left.  Dextrogyre  carvone  is  the  flavoring  constituent  of  oil  of  caraway,  Carum 
carvi,  whence  the  name— carvone — is  derived;  while  the  levogyre  form  is  a  liquid 
of  entirely  different  odor;  that  of  oil  of  spearmint,  of  which  it  is  the  important 
constituent. 

TERPENES 

The  terpenes  are  a  series  of  hydrocarbons  having  the  formula  CioHie. 
While  about  twenty  of  these  terpenes  have  been  described,  a  much  larger 
number  is  possible. 
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Thus  we  can  imagine  a  series  of  chain  compounds  having  the  formula,  CioHie, 
and  among  those  which  are  known  we  find  anhydrogeraniolf  the  formula  of  which  is 

supposed  to  be  (CH,)jC  =  CH— CH,— CH,— C— CH  =  CHj. 

CH, 

Again,  we  can  have — what  is  generally  the  case — a  body,  C10H16,  representing 
cymene,  with  one  of  its  ethylene  bonds  loosened  and  with  an  atom  of  hydrogen  at- 
tached to  each  of  the  free  bonds,  viz. : 

Cymene.  p-Menthadiene. 

CH3  GMs 

HC       CH  /CD  \ 

U        I  H,CC6)      (2)CH     • 
HiJi       CH  II 

\/  H,C(6)      (3)6h 

C  \(4)   ^ 

CsHt  c 

I 

Since,  as  mentioned  on  p.  722,  three  cymenes  containing  a  normal  proply  group 
are  known  (ortho-,  meta-,  and  para-),  so  the  closely  similar  terpenes  may  be  ^und 
with  their  methyl  and  propyl  groups  in  these  three  positions.  Again,  we  can  imagine 
a  new  line  of  terpenes,  depending  on  whether  the  propyl  group  is  normal  or  iso. 
Again,  we  can  have  four  separate  classes  of  terpenes  dependent  upon  the  relative 
position  of  the  ethylene  bond  found  in  the  benzene  nucleus,  as  shown  in  the  following 
ngures: 

OHs  GHs  OHs  CHs 

0      Q  •     0 

CsHt  CsHt  CjH? 

It  is  hardly  necessary  to  state  that  the  hexagons  just  given  represent  the  benzene 
nucleus,  with  one  double  bond  loosened.     Thus,  the  first  one  is: 

CH, 

i 

H,C       CH 
HC       CH, 

y 

CjHt. 

Beside  all  these  combinations  of  CioHi,,  we  can  imagine  each  one  of  these  compounds, 
containing  asymmetric  carbon  atoms,  existing  in  stereo-isomeric  forms,  and  thus 
obtaining  levo^yre,  dextrogyre,  and  mactive  terpenes.  Lastly,  we  can  carry  the 
isomeric  possibilities  still  further  by  imagining  terpenes  containing,  instead  of  methyl 
and  propyl  groups  above  given,  two  ethyl  groups  or  one  ethyl  and  two  methyl  giouiw. 

The  known  terpenes  are  divided  into  the  following  systematic  groups: 

The  Aliphatic  Terpenes. — Each  molecule  of  these  terpenes  absorbs  six  atoms  of 
bromine,  snowing  the  i)resence  of  three  ethylene  groups.  Two  such  terpenes  are 
known,  mpricene,  which  is  found  in  the  oil  of  bay,  and  the  anhydrogeraniolf  the  formula 
of  which  IS  given  on  the  preceding  page,  and  which  is  found  in  the  oil  of  geranium. 

The  Limonene  Group.— -In  this  group  of  terpenes  each  molecule  absorbs  four  atoms 
of  bromine,  thereby  showing  the  presence  of  two  ethylene  bonds. 

Among  these  terpenes  we  have  the  three  limonenes  (d.  I,  and  i) ;  Urpinolene^  an 
artificial  terpene  obtained  by  heating  oil  of  turpentine  witn  alcoholic  sulphuric  acid; 
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thujene  (or  tanacetene).  which  is  also  artificially  prepared,  and  sylvestrene^  found  in 
Swedish  pine  needle  ou  and  its  inactive  isomere,  carvestrene. 

The  Terpinene  Group  consists  of  two  hydrocarbons,  terpinene  and  pheUandrene,  the 
character  of  which  is  puzzling.  It  was  formerly  thought  that  neither  would  absorb 
bromine,  but  it  is  now  known  that  each  yields  a  dibromide.  Wallach  finds  there  are 
two  types  of  phellandrene,  the  formulas  of  which  are: 


o-Phellandrene 
CH, 


i 


/  \ 
HC         CH 

H,C         CH 


CH, 


Ah- 


CH, 


^-Phellandrene 
CH, 

J! 

H,C  CH 

H,C  CH 

CHr-CH— CH, 


Among  the  terpenes  belonging  to  this  group  we  find  terpinene^  found  in  cardamom 
oil,  dextrozyre  phellandrene,  from  the  oil  of  phellandrium,  and  levogyre  phellandrene, 
found  in  the  oil  of  Eucaluptua  amygdalina. 

The  Pinene  Group. — ^Each  molecule  of  this  S^up  takes  up  two  atoms  of  bromine, 
showing  the  presence  of  one  ethylene  bond.  The  Known  terpenes  of  this  group  are 
pinenejB,  two  foimd  in  the  oil  of  turpentine;  camvhene,  found  in  oil  of  ginger,  and  made 
artificially  by  Berthelot  (the  only  solid  terpene  known),  sabinene  found  in  sandalwood, 
and  fenchene,  which  is  an  artificial  terpene  made  indirectly  from  fenchyl  alcohol. 

The  difference  between  the  different  terpenes  can  best  be  studied  by  comparison 
of  a  few  typical  formulas. 

Characteristic  for  the  first  group  given  above  is  the  formula  of  anhydrogeraniol 
given  on  p.  726.  Of  the  second  group,  the  formulas  ascribed  to  terpinolene  and 
umonene  are  as  follows: 


Terpinolene. 
CH,      • 

.i 

H,C        CH 
H,C        CH, 

Y 

CH,  CH,. 


limonene. 
CH, 

H,C       CH 
H,C       CH, 
H 


Yh 


CH 


CH, 


As  mentioned  above,  the  structure  of  the  third  group  is  a  matter  of  doubt,  while 
representatives  of  the  pinene  group  are  supposed  to  have  the  formulas  given  below: 


Camphene. 
CH 


CH, 


I   CH,I 


CH, 

CH,— C    I     CH, 


CH, 


/ 


l/u 


ce  pmene, 
CH, 

HC 

CHr. 

•\c< 


CH 


H,C 


H,C 


\ 


\ 


CH, 


CH, 


H,C 


'^- 


H 


CH 
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Sabinene. 
CH, 


HC  CH, 

H,c\         CH, 


CH.CH— CH, 

The  transfonnation  of  one  terpene  into  the  other  is  a  comparatively  simple 
matter.  Thus,  on  standing,  limonene,  found  in  the  oil  of  lemon,  is  readily  converted 
into  pinene.     This  explains  wh^^'  the  oil  of  lemon  becomes  terebmthinate. 

Terpenes  possess  manv  striking  chemical  characteristics.  For  instance,  those 
absorbing  bromine  generally  give  very  beautiful  crystalline  bromo-compounds. 

Another  beautiful  line  of  terpene  derivatives  are  the  nitroso-chlondes,  such  as 
limonene  nitroso-chloride,  CioHieNOCl,  and  these,  on  reduction,  frequently  yield 
well-crystallized  oximes,  such  as  carvoxune,  C10H14NOH.  Some  terpenes  are  optic- 
ally activeL  while  others  have  no  effect  on  the  polarised  ray  of  light.  Those  which 
do  rotate  the  ray  of  light  to  the  right  or  to  the  left  always  contain  an  asymmetric 
carbon  atom  (see  p.  615). 

Another  point  m  the  modem  consideration  of  these  derivatives  is  the  contraction 
of  the  meamng  of  the  word  terpene.  It  was  formerly  applied  to  all  the  derivatives 
of  cymene  from  CioHu  to  CioH,p.  In  modem  chemical  nomenclature  bodies  of  the 
formula  CioHie  are  csdled  terpadienes,  while  the  word  terpene  is  reserved  for  bodies 
of  the  formula' C10H18,  and  the  substance  of  the  formula  UioH,o  are  called  terpanes. 
The  application  of  the  word  terpene  to  CioHi,  is  unfortunate,  since  the  word  has  for 
vears  oeen  associated  with  bocues  having  the  formula  CioHi«.  Of  the  two  classes 
last  mentioned,  terpenes  represent  the  body  CioHie,  with  one  of  their  double  bonds 
loosened  and  the  bonds  thus  freed  taken  up  with  hydrogen  atoms,  making  CioHi,, 
while  in  the  terpanes  both  double  bonds  are  similarly  loosened,  and  taken  up  by  hy- 
drogen, making  CioH,o. 

Interesting  modifications  of  the  formula  CuHu  are  found  in  a  group  of  hydro- 
carbons havins  the  formula  CtH,.  These  bodies  are  called  hemiterpenfs;  literally, 
^' half -terpene.  An  example  of  such  a  hemiterpene  is  isaprene^  obtained  by  the 
distillation  of  rubber  and  supposed  to  have  the  formula 

CHr.       y'CH 

CHi^^CH. 

Again,  we  have  bodies  that  are  modifications  of  terpenes,  containing  half  as  much 
again  carbon  and  hydrogen  as  terpenes,  and,  therefore,  having  the  formula  CitH,4. 
This  class  of  hydrocarbons  are  called  sesquiterpenes.  As  examples  of  this  may  be 
cited  caryovkylUnej  found  in  oil  of  cloves,  cadinene,  foimd  in  oil  of  cade,  ceUnenej  found 
in  oil  of  celery  seed;  santcdenej  found  in  oil  of  sandalwood;  and  zingtberenef  found  in 
oil  of  ginger.     Bodies  having  formula  C,oH«,,  C3eH48,  and  C4oH«4  are  also  known. 

The  subject  of  terpenes  serves  as  an  introduction  to  that  large  class 
— ^the  volatile  oils.  Practically  all  volatile  oils  are  mixtures  of  many 
chemicals,  and  the  old-fashioned  classification  of  Dumas  (1833)  into 
terpenes,  oxygenated  products,  oils  containing  nitrogen,  and  those 
containing  sulphur,  has  long  since  become  antiquated.  For  this  reason 
the  nitrogenatcd  oils  and  those  containing  sulphur  have  already  been 
considered  under  the  appropriate  grouping  (oils  of  mustard,  see  p.  674; 
oil  of  bitter  almond,  see  p.  704).  Likewise,  two  other  volatile  oils  that 
have  no  connection  with  the  terpenes  are  the  oil  of  sweet  birch  and  the 
oil  of  wintergreen,  which  are  esters  of  salicylic  acid,  and  have  been  con- 
sidered among  the  derivatives  of  this  chemical.  Nor  is  it  wholly  correct 
to  consider  the  rest  of  the  volatile  oils  merely  as  terpene  derivatives. 
It  is  true,  in  the  case  of  the  larger  number  of  them,  that  most  of  their 
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bulk  consists  of  terpenes,  but  it  is  also  true  that  these  oils  owe  very  little 
of  their  character  to  the  terpenes.     Thus,  while  oil  of  lemon  consists  of 
about  94  per  cent,  of  the  terpene,  Umonene,  this  is  simply  the  solvent  for 
the  odorous  principle,  that  consisting  chiefly  of  citral.     In  fact,  modern 
chemistry  has  attempted  the  problem  of  obtaining  concentrated  oils  by 
removing  the  terpenes,  and,  in  consequence,  there  is  now  on  the  market 
a  large  Une  of  the  so-called  terpeneless  volatile  oils.     In  many  cases  these 
oils  are  not  merely  stronger  than  the  natural  oils,  but  are  much  better 
for  general  use.     Thus,  the  terpeneless  oil  of  lemon  has,  roughly  speak- 
ing, sixteen  times  the  flavoring  power  as  has  the  oil  of  lemon,  and  possesses 
the  great  advantage  of  not  becoming  terebinthinate.    A  very  good 
review  of  the  fallacy  of  considering  the  terpenes,  or  even  the  terpene 
derivatives,  as  the  most  important  constituents  of  the  volatile  oils, 
is  found  in  the  admirable  paper  of  Professor  Kremers,  in  the  Proceed- 
ings of  the  American  Pharmaceutical  Association.    This  paper  shows 
that  the  volatile  oils  contain  a  large  number  of  different  esters,  aldehydes, 
alcohols,  and  ketones. 

Two  words  of  the  obsolete  nomenclature  of  the  volatile  oils  still 

used  in  pharmacy  are  the  terms  eleoptene  and  stearoptene.    These  words 

were  coined  by  Berzelius  to  represent  respectively  the  liquid  and  solid 

portions  of  volatile  oils.    As  mentioned  above,  most  of  the  volatile  oils 

are  mixtures  of  quite  a  number  of  substances,  and  it  so  happens  in  some 

cases  that  some  of  these  substances  are  solids  dissolved  in  the  Uquid 

portion.     These  solid  substances  found  in  oils  can  sometimes  be  removed 

by  chilUng  the  oil  in  a  freezing  mixture  and  draining  off  the  unfrozen 

eleoptene.    Among  the  stearoptenes  are  found  three  ofSicial  substances, 

camphor,  menthol,  and  thymol.     In  modern  chemistry  the  question  as 

to  whether  the  constituent  of  a  volatile  oil  is  solid  or  Uquid  is  of  but 

little  importance,  and  the  word  stearoptene  is  not  used  in  the  new 

pharmacopoeia. 

Beside  the  official  volatile  oils  containing  terpenes,  there  are  several 
terpene  derivatives  of  interest  to  pharmacy  which  can  be  considered  in 
a  purely  chemical  sense.     These  are  as  follows: 

Hydrocarbon:  Terebene.  U.S. P. 

Monatomic  alcohols:     Terpineol. 

Menthol,  U.S.?. 

Bomeol. 
Diatomic  alcohol:  Terpin  hydrate,  U.S.P 

Aldehyde:  Citral. 

Ketone:  Camphor,  U.S.P. 

Dibasic  acid:  Camphoric  acid  (U.S.P.  VIII) 

Inner  oxide:  Eucalyptol,  U.S.P. 

TEREBENUM— Terebene 
(Tereben.) 

A  liquid  consisting  of  dipentene  and  other  hydrocarbons,  obtained  by  the  action 
of  concentrated  sulphuric  acid  on  oil  of  turpentine.  Preserve  it  in  well-closed  con- 
tainersy  protected  from  light. 

Sutntnarized  Description, 

Oolorless,  thin  liquid;  agreeable  thyme>like  odor;  aromatic  terebinthinate  taste; 
soluble  in  about  2.5  parts  of  alcohol;  slightly  soluble  in  water;  resinified  on  exposure  to 
light  and  air;  sp.  gr.  0.860  to  0.865;  boils  between  160""  and  172''C.  For  details  see 
U.S.P.,  p.  438. 

For  testa  for  identity,  for  impurities:  Unaltered  oil  of  turpentine  (optical  rotation 
Qot  more  H-0.3"  in  lOO-mm.  tube).  Rosin  (not  more  than  1  per  cent,  of  residue  left 
on.  distilling)  see  U.S.P. 
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Remarks. — Terebene  is  a  mixture  of  several  terpenes:  among  them, 
camphene,  dipentene,  e3niiene,  and  terpinene.  Terebene  is  manufactured 
by  treating  20  parts  of  oil  of  turpentine  with  100  parts  of  concentrated 
sulphuric  acid,  and  allowing  the  mixture  to  stand  twenty-four  hours. 
It  is  then  heated  to  boiling,  allowed  to  cool,  when  the  oily  layer  on  top 
is  separated  and  neutralized  with  calcium  carbonate  and  then  distilled. 
The  distilled  terebene  is  rectified  in  order  to  secure  a  pure  product. 

Terebene  in  alcohol  solution  (1 :500)  is  used  as  an  antiseptic.  It 
is  also  used  in  the  concentrated  form  for  bronchial  troubles,  for  which 
purpose  it  is  best  given  in  the  form  of  capsules.  When  administered  for 
too  long  a  time,  however,  it  is  apt  to  cause  irritation  of  the  stomach. 

Dose, — 3^  nail  (4  minims). 

Terpineol,  CioHnOH. — This  unofficial  chemical  is  made  by  the  treatment  of  oil 
of  turpentine  with  sulphuric  acid  and  nitric  acid.  Several  terpineols  are  known, 
three  of  them  being  sohds  and  two  viscid  liquids.  The  crystalline  terpineol  is  found 
in  commerce,  melts  at  35^C.,  and  was  first  obtained  from  the  liquid  terpineol  b^  a 
method  which  afforded  a  striking  illustration  of  the  possibilities  of  cryibaUisation. 
The  liquid  had  been  known  to  chemists,  and  manv  efforts  have  been  made  to  secure 
its  orystallication.  All  these  attempts,  such  as  freezing  and  the  use  of  the  nuclei, 
etc.,  have  been  in  vain  imtil  Bouchardat  and  Voiry  applied  the  idea  of  ciystallization 
by  analogy.  These  chemists  had  already  prepared  from  India-rubber,  by  indirect 
means,  a  crystalline  body  having  the  formula  CfioHiTOH,  which  they  called  caoutchin 
hydrate,  and  a  minute  crystal  of  this  they  dropped  into  bquid  terpineol  well  cooled  by 
use  of  a  freezing  mixture,  and  immediately  tne  liquid  terpineol  oegan  to  crystallize, 
and  in  a  short  time  five-eixths  of  the  mass  was  solid.  From  that  time  the  manufacture 
of  crystalline  terpineol  has  been  simple,  all  that  was  necessary  being  to  add  to  sub- 
sequ^t  batches  a  few  crystals  of  terpmeol,  such  as  originally  produced  by  this  brilliant 
experiment. 

Terpineol  is  not  used  in  medicine,  but  is  largely  used  in  perfumery  as  the  basiB 
of  lilac  perfumes;  the  substance  in  diluted  form  possesses  an  agreeable  odor  resembling 
that  of  the  lilac  blossoms.  For  perfumery  purposes  the  viscid  liquid  terpineol,  fre- 
quently marketed  as  ''lilacin/'  is  preferable  to  the  crystalline. 

TERPnn  HYDRAS— Teipin  Hydrate 
(Terpin.  Hyd.) 

The  hydrate  [CloHigCOH),  +  H,0  =  190.18]  of  the  dihydric  alcohol  terpin. 
Preserve  it  in  well-closed  containers,  in  a  cool  place. 

Summarized  Descriplian, 

Colorless,  lustrous,  efflorescent,  rhombic  prisms,  slightly  aromatic,  somewhat  bitter 
taste:  soluble  in  about  200  parts  of  water  and  in  about  10  mils  of  alcohol;  also  soluble 
in  chloroform,  ether  and  boiling  acetic  acid;  when  heated  slowly,  it  sublimes  at  lOO^C; 
when  heated  quickly,  it  melts  between  115**  and  117^0.  For  details  see,  U.S.P., 
p.  439. 

For  testa  for  identity  see  U.S. P. 

Remarks. — Terpin  hydrate  is  the  crystalline  hydrate  of  terpin, 
CioHi8(OH)2,  which  in  turn  can  be  considered  as  terpineol,  with  which 
one  molecule  of  water  has  been  combined  or  as  a  terpene  from  oil  of 
terpentine  (pinene,  for  example),  to  which  two  molecules  of  water  have 
been  added. 

The  water  is,  of  course,  added  by  chemical  means — treatment  with 
diluted  mineral  acids : 

Oil  turpentine  (or  its  pinene) CioHie 

Add  water HOH 

And  we  get  terpineol CioHnOH 

Add  another  water; H   OH 


■^"^ 


And  we  get  terpin CioHu(OH)a 
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Terpin  hydrate  is  generally  manufactured  by  treating  an  alcoholic 
solution  of  oil  of  turpentine  with  nitric  acid.  The  mixture  is  placed 
in  a|shallow  porcelain  dish  for  three  or  four  days,  when  the  crystals  of 
terpin  hydrate  appear.  The  liquid  is  drained  from  the  same,  and  the 
crystals  are  dried  by  pressing  between  sheets  of  filter-paper.  In  order 
to  obtain  the  pure  product  the  substance  is  recrystallized.  The  yield 
of  terpin  hydrate  by  this  process  is  about  12  per  cent,  of  the  turpentine 
used. 

Terpin  hydrate  is  used  in  chronic  bronchitis  and  other  troubles  of 
the  throat. 

Dose. — ^250  milligrammes  (4  grains). 

Of  late  years  an  elixir  of  terpin  hydrate  has  become  quite  popular  as 
a  cough  remedy.  Since  the  chemical  does  not  dissolve  in  water,  the 
preparation  of  an  elixir  which  will  contain  three  grains  of  terpin  hydrate 
to  the  teaspoonful  is  a  matter  of  some  difficulty.  In  fact,  about  the 
only  way  to  hold  the  terpin  hydrate  in  solution  is  by  making  the  prepara- 
tion strongly  alcoholic.  A  satisfactory  recipe  for  the  elixir  is  found  in 
the  National  Formulary  (p.  210).  It,  however,  contains  about  1  grain 
of  terpin  hydrate  to  the  teaspoonful.  Recipes  are  also  given  in  the 
Formulary  for  this  elixir  containing  heroine  and  for  it  containing  codeme 
(p.  210). 

MENTHOL— Menthol 

A  secondary  alcohol  [CioHi«OH  »  156.16]  obtained  from  oil  of  peppermint  or 
other  mint  oils.     Preserve  it  in  well-closed  containers,  in  a  cool  place. 

Summarized  Description, 

Colorless,  acicular  or  prismatic  crystab;  strong  odor  of  peppermint;  warm  aromatic 
taste,  followed  by  sensation  of  cold  when  air  is  drawn  into  the  mouth  j  slightly  soluble 
in  water;  very  soluble  in  alcohol,  chloroform,  ether,  petroleum  bensm,  liquid  petro- 
latum, fixed  and  volatile  oils;  levorotatory;  melts  between  ^**  and  ^^'C.;  liouefies 
when  triturated  with  camphor,  thymol  or  hydrated  chloral.  For  details  see  U.S.  P., 
p.  272. 

For  tests  for  identity  and  for  impurities:  Wax,  paraffin  or  inorganic  matter  (vola- 
tilises leaving  not  more  than  Koo  o^  1  P®r  cent,  of  residue).  Thymol  (no  green 
color  with  acetic  acid,  then  sulpnuric  acid,  then  nitric  acid)  see  U.S. P. 

Remarks. — Menthol  represents  the  alcohol  of  the  hydrocarbon 
menthene,  CioHig,  its  graphic  formula  being  as  follows: 

CH, 
'CH 
H,C     CH, 

CHOH 


HsC 


>^ 


/« 


H 


CH 

\ 
H3  CHs 


This  formula  is  proved  by  its  behavior  when  oxidized  with  potassium  perman- 
^£i.nate,  when  it  yields  oxymenthylic  acid. 

CH,— CH<(g|^^3---C0CH<^g||'  ^^ 
methyl-adipic  acid,  CH,-CH<;g|jzg^OOH. 
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That  menthol  is  a  secondary  alcohol  is  shown  by  its  oxidation  by  chromic  acid 
into  the  ketone,  menthone,  CioHuO. 

As  mentioned  in  the  official  definition,  menthol  is  a  secondary 
alcohol  (^'a  stearopten  having  nature  of  a  secondary  alcohol,"  U.S.P. 
1890),  found  in  the  oil  of  peppermint,  and  is  obtained  by  placing  the  oil 
in  a  freezing  mixture,  when  the  menthol  should  crystallize  out. 

In  the  manufacture  of  menthol  from  the  oil  of  peppermint  the  semi- 
solid mass  obtained  by  freezing  is  thrown  on  a  filter-paper,  and  after 
the  greater  portion  of  the  liquid  is  drained,  the  crystals  are  dried  by 
placing  between  folds  of  filter-paper. 

This  process  affords  the  test  for  the  purity  of  oil  of  peppermint, 
and  the  pharmacopoeia  of  1890  gave  it  among  the  tests.  Unscrupulous 
distillers  remove  the  menthol  from  the  oil  of  peppermint  and  market 
the  liquid  part  as  oil  of  peppermint.  Such  an  oU  yields  no  menthol 
when  chilled. 

Besides  the  official  tests  just  given,  a  pretty  reaction  identifying  the 
menthol  is  the  treatment  of  menthol  with  50  per  cent,  sulphuric  acid, 
and  boiling  the  mixture,  when  a  blue  coloration  results. 

Menthol,  as  thymol,  becomes  liquid  when  tritiu'ated  with  an  equal 
weight  of  camphor.  Such  a  mixture,  containing  equal  quantities  of  the 
two  chemicals,  plus  5  per  cent,  of  alcohol,  to  insiu'e  permanent  fluidity 
is  recognized  in  the  National  Formulary  under  the  name,  menJlhol  cam- 
phoratum.  Menthol  also  liquefies  when  triturated  with  thymol  or 
chloral  hydrate. 

Menthol  is  used  as  a  refrigerant.  Its  chief  use,  however,  is  as  the 
constituent  of  antiseptic  combinations,  particularly  those  used  for 
spraying  in  the  nose.  Another  use  for  menthol  is  in  the  manufacture 
of  the  menthol  pencils  used  for  headache.  Menthol  rubbed  on  any 
part  of  the  body  evaporates,  producing  a  chilling  of  the  part,  and  thus 
involving  a  mild  form  of  local  anesthesia.  It  is  also  used  in  the  form  of 
an  inhaler,  this  consisting  of  glass  tubes  plugged  with  cotton  at  either 
end,  with  intervening  space  loosely  fiUedV^h  menthol  crystals,  thus 
affording  free  access  for  the  passage  of  air.  When  the  air  is  sucked 
through  this  tube,  a  certain  portion  of  the  menthol  volatilizes  and  enters 
the  throat  and  nose,  where  it  eventually  condenses,  thus  bringing  the 
healing  antiseptic  menthol  in  direct  contact  with  the  inflamed  siirface. 

Dose. — 60  milligrammes  (1  grain). 

Cltral  (Geranial).  doHieO. — This  aldehyde  was  isolated  from  oil  of  lemon  in 
1888,  and  found  to  be  the  flavoring  principle  of  the  oil.  Semmler  proved  it  to  be 
identical  with  geranial,  the  aldehyde  prepared  by  him  by  oxidation  of  geranioL 
It  is  prei)ared  from  oil  of  lemon,  which  contains  from  6  to  8  per  cent,  of  the  chemical, 
and  particularly  from  the  lemon  grass  oils  (Andropogon  citratus  and  other  species  or 
andropogon),  which  contains  from  60  to  82  per  cent.,  by  formation  of  crystallisation 
compoimd  by  treatment  of  the  oil  with  sodium  bisulphite.  This  compound,  after 
washing  with  alcohol  and  ether,  is  treated  with  sodium  carbonate,  and  the  citral  thus 
freed  purified  by  distillation  in  vacuo. 

As  mentioned  above,  this  body  is  the  basis  of  terpeneless  oil  of  lemon.  Chemi- 
cally, citral  is  supposea  to  be  the  aldehyde  of  the  olefinic  hydrocarbon  anhydro- 
geraniol,  with  formula — 

CH,— C=CH— CH,— CHj^C  =CH~CHO. 

CH,  CH, 

On  condensation  of  this  body  with  acetone  there  is  produced  a  ketone,  pseudo-ionone 
(CnHjoO),  CH,— C=CH— CHr-CHr-C=CH— CH=CH— CO— CH,, 

CH,  CH, 
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This,  on  boiling  with  dilute  sulphuric  acid  and  trace  of  glycerin,  yields  an  isomeric 
ring  compound  which  is  called  lonone,  and  is  of  great  commercial  value  as  the  basis 
of  synthetic  violet  perfume.  This  is  now  known  to  consist  of  two  isomeres,  alpha- 
ionone  and  beta-ionone. 

The  real  flavor  of  violet  and  of  orris  is  still  another  isomere,  called  irone. 

CAMPHORA— Camphor 
(Camph.) 

A  ketone  [CioHuO  or  G9Hi6CO»152.13]  obtained  from  Cinnamomum  Camphora 
(Linn^)  Nees  et  Ebermaier  (Fam.  LauracecB);  it  is  dextrorotatory.  Preserve  it  in 
well-closed  containers,  in  a  cool  place. 

Summarized  Description, 

White  translucent  volatile  masses  or  granules,  of  tough  consistence;  characteristic 
odor;  pungent  aromatic  taste;  pulverizabte  by  adaition  of  alcohol,  ether  or  chloroform; 
slightly  soluble  in  water;  soluble  in  alcohol,  chloroform,  ether^  carbon  disulphide, 
petroleum  benzin,  oil  of  turpentine,  or  in  fixed  or  volatile  oilspsp.  gr.  0.990;  melts 
between  174**  and  177^*0.,  specific  rotation  [ab,  +41**  to  -f-42'*  in  200-mm.  tube,  in  the 
proper  alcoholic  solution.     For  details  see  U.S.P.^  p.  97. 

For  tests  for  identity  and  for  impurities:  Chlonnated  products  (copper  wire  flame 
test)  moisture  (10  per  cent.),  see  U.S. P.,  p.  97  and  also  Part  V  of  this  book. 

Remarks. — While  menthol  is  an  alcohol,  camphor,  as  noted  above,  is  a 
ketone,  the  oxygen  not  being  combined  with  hydrogen,  but  directly 
attached  to  a  carbon  atom. 


CH, 

i 


i 


H,C 
\ 


CO 

0(CH,),| 

CH, 


The  synthesis  of  camphor  from  pinene  has  been  put  upon  a  commercial  basis, 
but  its  cost  of  production  has  hitherto  been  too  great  to  make  synthetic  camphor  a 
very  serious  competitor  to  natural  camphor  imder  normal  conditions. 

As  mentioned  above,  camphor  is  obtained  from  Cinnamomum  cam- 
phoray  a  handsome  tree  growing  in  Formosa.     This  tree  is  cut  down,  and 
the  roots,  trunk,  and  branches  cut  into  small  chips,  placed  in  a  rude  retort 
containing  heated  water.     When    this  water    is  boiled,    the    volatile 
products  of  the  camphor  wood  distil  over.     The  semisolid  distillate  is 
then  submitted  to  hydraulic  pressure,  which  removes  all  the  eleoptene, 
the  stearoptene  remaining  in  the  press.     The  manufacture  of  this  sub- 
stance affords  an  interesting  and  about  the  only  illustration  of  a  volatile 
oil    containing  so  large  a  preponderance  of  the  stearoptene  as  to  be 
semisolid. 

The  liquid  portion  separated  from  the  camphor  by  pressure  is  comparatively 
small  in  quantity,  and  is  marketed  under  the  name  of  oil  of  camphoTy  being  ia  con- 
siderable demand  in  the  Orient,  ^though  its  consumption  in  this  country  is  insig- 
nificant. It  is  well  to  bear  in  mind  that  this  oil  of  camphor  is  not  the  familiar  cam- 
pliorated  oil  (liniment  of  camphor). 
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The  crude  camphor  that  is  separated  by  expression  is  mixed  with 
quicklime  (to  absorb  water)  and  sublimed  from  a  cast-iron  retort  into 
a  cooled  chamber,  similar  to  that  used  in  making  flowers  of  sulphur. 
The  camphor  in  this  case  condenses  into  a  fine  powder,  which  is  then 
compressed  into  cakes. 

As  already  mentioned  on  p.  118.  the  powdering  of  camphor  is  accom- 
plished by  the  addition  of  a  small  quantity  of  alcohol,  an  example  of 
pulverization  by  intervention.  The  powder  thus  obtained  has  the  dis- 
advantage of  eventually  forming  again  into  a  hard  cake.  Camphor, 
however,  can  be  kept  in  the  form  of  a  permanent  powder  by  triturating 
the  powder,  when  freshly  made,  with  a  minute  trace  of  white  vaseline. 
Such  powdered  camphor,  of  course,  would  be  unfit  for  preparing  solu- 
tions, but  for  the  usual  purpose  for  which  powdered  camphor  is  em- 
ployed, the  addition  of  a  minute  quantity  of  the  harmless  substance, 
white  vaseline,  does  not  vitiate  the  camphor.  When  a  lump  of  camphor, 
or  powdered  camphor  free  from  oil,  is  placed  in  water,  it  floats  on  the 
surface,  and  then  very  rapidly  moves  to  and  fro  on  the  surface  of  the 
water.  This  movement  is  produced  by  rapid  evaporation  of  the  camphor 
in  contact  with  the  water,  and  the  sudden  chilling  of  the  water  where 
the  evaporation  takes  place,  causing.the  movement  in  the  direction  where 
the  water  is  warmer. 

Camphor  liquefies  when  triturated  with  menthol,  thymol,  chloral 
hydrate,  salol,  naphthol  and  resorcinol;  the  liquefaction  taking  place  in 
these  cases  is  not  supposed  to  be  due  to  chemical  change,  but  a  mutual 
solution  of  the  two  solids,  with  the  formation  of  a  liquid.  And  that 
no  chemical  change  is  produced  is  shown  by  the  fact  that  such  a  liquid, 
when  poured  into  water,  is  rapidly  separated  into  the  two  constituents. 

Camphor  is  a  mild  stimulant  and  is  somewhat  diaphoretic.  It  is 
used  chiefly  as  anodyne,  both  internally  and  externally. 

Dose, — By  mouth,  200  milligrammes  (3  grains) :  hypodermically,  100 
milligrammes  (IJ^  grains). 

CAMPHORA  MONOBROMATA— Monobromated  Canqihor 

(Camph.  Monobrom.) 

Ortho-monobromcamphor  [CloHuOBr  or  C»HuBrCO  =  231.04].  Preserve  it  in 
weU-closed  containers,  protected  from  light. 

Summarized  Description. 

Ck>lorle68,  prismatic  needles,  or  scales,  or  powder;  mild,  characteristic  camphor- 
aceous  odor  and  taste;  decomposed  by  exposure  to  sunlight;  soluble  in  about  5.2 

Earts  of  alcohol:  also  soluble  in  chloroform  or  ether;  almost  insoluble  in  water;  melts 
etween  74°  and  76°C.     For  details  see  U.S.P.,  p.  98. 
Teats  Jor  Identity. — Given  above. 

Remarks. — This  camphor  derivative  was  discovered  by  Swarts  in 
1861,  who  prepared  it  by  heating  camphor  and  bromine  for  three  hours 
in  a  sealed  tube  on  a  water-bath.  It  is  generally  made  by  the  Maisch 
process,  by  mixing  bromine  and  camphor  in  a  retort,  heating  the  mixture 
to  132°C.,  then  cooling,  and  extracting  the  monobromated  camphor  with 
benzene.    The  substance  thus  obtained  is  purified  by  recrystalUzation. 

Monobromated  camphor  is  used  as  a  nervous  sedative. 

Dose. — 125  milligrammes  (2  grains). 

Addium  Camphoricum  (U.S. P.  VIII),  or  camphoric  acid,  is  an  oxidation  product 
of  camphor,  nitnc  acid  being  the  oxidizing  agent  employed.  The  oxidation  from 
camphor  to  camphoric  acid  can  be  best  explained  by  the  following  graphic  formulas: 
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In  the  description  of  camphoric  acid  given  in  the  last  pharmacopoeia^  it  was  stated 
among  other  physical  constants  that  it  should  in  10  per  cent,  alcohohc  solution  the 
value  [a]D  =>  47.8^.  This  means  that  the  specific  rotating  power  of  camphoric  acid 
is  47.8 — that  is,  when  examined  in  a  polariscope  its  solution,  under  id^  conditions, 
rotates  the  ray  of  light  47.8®  to  the  nght. 

To  convert  ordinary  conditions  of  observation  to  the  ideal,  it  is  necessary  to  use 
as  data  in  the  calculation  the  observed  anele  of  rotation,  the  length  of  the  polariscope 
tube  holding  the  liquid,  and  the  strength  of  the  solution  employed.  For  details 
see  U.S.P.  IX,  pp.  602  and  603. 

Camphoric  acid  is  used  as  a  stimulant  as  is  camphor,  but  it  is  claimed  to  be  less 
irritating.     Dose,  15  grains. 

Bomeol,  doHnOH. — This  is  a  variety  of  camphor  obtained  from  the  plant. 
pryobalanops  Camphara,  and  is  used  quite  largely  in  the  east,  although  not  emplovea 
in  Europe  and  America.  It  can  be  made  by  treating  camphor  with  sodium  alco- 
holate,  and  investigations  prove  that  it  possesses  the  following  graphic  formula: 


CH, 


CHOH 

C(CH,)2l 

CH, 


It  differs  from  camphor  in  having  two  extra  atoms  of  hydrogen  and  in  being  an 
alcohol,  not  a  ketone. 

EUCALYPTOI^-Eucalyptol 
(CineoL) 

An  organic  conipound  [CioHisO^  154.14]  obtained  from  the  volatile  oil  of 
Sttcalyptua  Globulus  Labillardi^re  (Fam.  Myrtaceai)  and  from  other  sources.  Preserve 
it  in  well-closed  containers,  in  a  cool  place,  protected  from  light. 

Summarized  Description. 

Colorless  liquid;  characteristic,  aromatic  camphoraceousodor:  pungent,  spicy  taste; 
cooling  to  the  mouth;  very  slightly  soluble  in  water,  miscible  witn  alcohol,  chloroform, 
ether,  glacial  acetic  acid,  fixed  and  volatile  oils;  sp.  gr.  0.921  to  0.923;  boils  between 
1 74*'  and  177*C. ;  congeals  at  not  less  than  0**C.     For  details  see  U.S.?.,  p.  140. 

For  tests  for  identity^  for  impurities.  Oil  of  eucalyptus  and  other  oils  (is  optically 
inactive).  Saponifiable  oils  (volume  not  diminished  on  shaking  with  sodium  hydrox- 
ide solution).  Phenols  (solution  not  colored  violet  or  brown  with  ferric  chloride) 
see  U.S.P.,  p.  140. 

Remarks. — ^Eucal3rptol  was  originally  called  cineolj  because  discov- 
ered   in  the  oil  of  the  seed  of  Artemisia  dnce,  a  variety  of  Levant 
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wormseed.  Eucalyptol  is  made  synthetically  by  treatment  of  terpineol 
with  phosphoric  acid,  and  this  synthesis  suggests  that  eucalyptol  is 
the  anhydride  of  terpin,  with  the  foUowing  graphic  formula: 

CH, 


\ 

H,C  O  CH, 


I  CHiCCH, 


H 

\ 


H 


CH, 


On  closely  examining  this  formula  it  is  found  of  interest,  inasmuch  as 
the  oxygen  is  placed  on  the  interior  of  the  benzene  nucleus.  The  formula 
is  thus  expressed,  because  while  the  compound  contains  oxygen,  the 
substance  gives  none  of  the  reactions  usually  obtained  from  organic 
chemicals  containing  oxygen,  such  as  alcohols,  aldehydes,  ketones,  or 
esters.  Eucalyptol  is,  therefore,  supposed  to  represent  one  of  a  unique 
chemical  group  called  inner  oxides. 

Eucalyptol  is  prepared  commercially  by  the  fractional  distillation 
of  oil  of  eucalyptus;  that  portion  of  the  oil  distilling  between  130°  and 
180°C.  being  collected  and  purified  by  redistillation  over  potassa.  It 
is  used  as  an  antiseptic  and  stimulant. 

Dose. — 0.3  mil  (5  minims). 

ArtifU:idl  Musk, — Mention  might  here  be  made  of  t.he  several  chemicals,  the  odor 
of  which  so  closely  resembles  that  of  musk  that  they  can  be  used  in  pernimeiy  in 
place  of  the  natural  product. 

Of  the  many  vaneties,  the  most  important  is  mush  Baur,  which  eansists  either 


(NO,), 


CH, 
of  trinitrobutyltoluol,  CeHj  C4H9,  or  trinitrobutylxyloL  C« 

!(N0,^, 

These  are  made  bv  preparing  the  appropriate  butyl  compound  by  treating  toluene 
or  xylene  with  butyl  bromide  in  the  presence  of  aluminum  chloride,  and  then  treating 
the  butyl  compoimd  with  nitric  acid. 

Musk  Baur  occurs  in  white  crystals,  soluble  in  200  parts  alcohol,  and  this  satur- 
ated alcoholic  solution  has  perfume  strength  about  equivalent  to  the  official  (5  per 
cent.)  tincture  of  musk. 

Too  much  stress  cannot  be  laid  on  the  fact  that  the  similarity  in  odor  is  purely 
accidental,  and  that  tmder  no  circumstances  can  the  artificial  be  iised  for  the  natural 
musk  in  medicine. 
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Sesquiterpenes. — (Caryophyllene)  Wallach.  and  Walker,  A.,  271, 1892, 285;  Deussen, 
Loesche  and  Klemm,  A.,  369,  1909,  41.  (Cadinene)  Wallach,  A.,  271,  1892,  297. 
(Celinene)  Semmler  and  Risse,  B.,  45, 1912, 3301.  (Santalene)  Semmler,  B.,  40, 1907, 
1120.     (Zingiberene)  Soden  and  Rogalen,  Ph.  Zt.,  45,  1900,  414. 

Volatile  OiZs.— (General)  Kremers,  A.Ph.A.,  46,  1898,  214.  (Classification) 
Dumas,  A.,  6,  1833,  245;  Berzelius,  Lehrbuch  der  Chemie,  6,  1837,  580.  (Antiseptic 
value)  Martindale,  Ph.  Jl.,  85,  1910.  668;  Gilmour,  A.Ph.A.,  58,  1910,  293.  (Ter- 
peneless  oils)  Schimmel's  Rep..  Apr.,  1893,  33  and  76. 

Terebene  (Composition  ana  manufacture)  Power  and  Kleber,  Ph.  Rund.,  12, 
1894,  16. 

Terpineol — (Structure)  Wallach,  B.,  28,  1895,  1773.  (Properties)  Bouchardat 
and  Voiry,  Comp.  rend.,  104,  1887,  996. 

Terpin  ffydra/c— (Structure)  Baeyer,  B.,  26, 1893, 2865.  (Manufacture)  WalLach, 
A.,  227,  1885,  284:  Hahn,  A.J.P.,  69,  1897,  73.  (Uses)  Lepine,  Am.  Dr.,  15,  1886, 
15.     (Elixir)  McClintock,  A.J.P.,  73,  1901,  31;  Hain,  Apothecary,  7,  1010,  20. 

MeniAo/.— (Structure)  Arth,  B.,  19,  1886,  R.,  436      (Preparation)  Todd,  AJ.P., 

58,  1886,  159.     (Tests)  Fritache,  A.Ph.A.,  34,  1886,  541.     (Properties)  Kvle,  A.Ph.A., 

34,  1886,  641. 

Ci^raZ.— (Structure  and  properties).  Tiemann.  B.,  31,  1898,  3278,  3297  and  3324. 
l^Sources)  Dodge,  Am.  Ch.  Jl.,  11,  1889,  456  and  12,  1890,  563;  Kremers,  Dr.  Circ., 

59,  1915,  355. 
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lonones  and  /ron««. —Tiemann  and  Krueger,  B.,  26,  1893,  2676;  Tiemann,  B.,  31, 
1898,  808  and  867;  Kraemer,  A.J.P.,  67,  1896.  346;  Sadtler,  AJ.P.,  81,  1909,  181. 

CampAor.— (Structure)  Bredt,  B..  26,  1893,  3049.  (Synthesis)  Reychler,  B.,  29, 
1896,  696;  Semmler,  B.,  33,  1900,  3420;  Pond,  Jl.  Soc.  Gh.  Ind.,  26,  1907,  383. 
(Source)  Rusby,  Jl.  Soc.  Oh.  Ind.,  26,  1907,  380;  Duncan,  Harper's  Magaiine,  122, 
1911,  381;  Houseman,  A.J.P.,  87,  1916,49.  (Synthetic  campnor)  Lenz.,  Arch.  d. 
Pharm.  249,  1911.  286.  (Properties)  La  Wall,  Merck's  Rep.,  19,  1910,  1;  Matteuci, 
A. J.P.,  6, 1839, 174;  Rayleieh,  Ch.  and  Dr.,  36. 1890. 707.  (Powdering)  Lowd,  A.Ph.A., 
19,  1871,  441;  England.  A.J.P.,  69,  1887,  698.  (Camphor  chloral)  Brown,  A.Ph.A., 
22,  1874,  232.     (Other  liquefactions)  Caille,  Comp.  rend.,  148.  1910,  1468. 

OH  of  CawipAor.— Lallemand,  A.J.P.,  32,  1860,  266;  MacEwan,  Ph.  Jl.,  [3],  15, 
1886,1046. 

Mono-bromated  Camphor. — Maisch,  A. J. P.,  44,  1872,  337. 

Camphoric  Acid.— (Structure)  Bredt,  B.,  26,  1893,  3049.  (Synthesis)  Kamppa, 
Jl.  Ch.  Soc.,  99,  1911,  29.     (Uses)  Reichert,  Ph.  Jl..  [3],  19,  1888.  607. 

Bameol — (Structure)  Wagner,  B.,  32,  1899,  2324.  (Source)  Anon.,  Ph.  Jl.,  [3], 
12,  1881,  83.     (Synthesis)  WaUach,  A..  230,  1886,  226. 

^ticoZvptoZ.— (Structure)  WaUach.  A.,  268,  1890,  336  and«291,  1896.  360.  (Syn- 
thesis) Wallach,  A.,  239,  1887,  21.  (Sources)  WaUach  and  Brass,  A.,  226,  1884,  291; 
Jahns,  B.,  17,  1884,  2W1. 

Synthetic  Perfumes.— (MvLBk)  Baur,  B.,  24,  1891,  2832.  (General)  Mann,  Die 
modeme  Perfumerie.  Brittain,  Ch.  and  Dr.,  86,  1914,  69;  IJmney,  Perf.  Ess.  OiL 
Rec.,  2,  1911,  134. 

CHAPTER  XLVII 

VOLATILE  OILS  AND  VOLATILE  OIL  DRUGS 

A  LARGE  number  of  volatile  oils  and  drugs  depending  for  their  activity 
upon  volatile  oils  are  recognized  by  the  pharmacopceia,  and  these  we  will 
study  in  the  following  order: 

I.  Official  volatile  oils  obtained  from  unofficial  drugs. 

II.  Official  drugs  containing  volatile  oil. 

III.  Official  drugs  containing  volatile  oil  and  resin. 

IV.  Official  drugs  containing  volatile  oil  and  bitter  principle. 
V.  Official  oleoresins. 

VI.  Official  balsams. 

Official  volatile  oils  not  considered  in  the  first  group  will  be 'studied 
under  the  drug  whence  they  are  derived. 

OFFICIAL  VOLATILE  OILS  OBTAINED  FROM  UNOFFICIAL  DRUGS 

The  chemistry  of  volatile  oils  has  been  studied  on  p.  728,  but  before 
taking  up  the  individual  members  of  the  group  a  few  words  as  to  the 
physical  difference  between  fixed  and  volatile  oils  may  be  advisable. 
The  general  test  for  distinction — in  fact,  expressed  in  the  names  "fixed," 
and  "volatile" — was  touched  upon  in  discussing  fixed  oils  (p.  653). 

Drop  some  of  the  liquid  on  a  piece  of  paper,  and  warm  the  stain 
over  a  lamp;  if  a  volatile  oil,  the  stain  disappears;  if  a  fixed  oil,  it  remains. 

A  very  homely  test  is  the  behavior  of  a  glass  stopper  toward  fixed 
and  volatile  oils.  The  ground-glass  stopper  of  a  bottle  containing  a 
fixed  oil  rotates  easily  and  quietly  in  the  neck,  whereas  a  volatile  oil 
stopper,  when  twisted  in  the  peck,  makes  a  squeaking  noise  under  the 
operation. 

The  separation  of  volatile  oils  from  their  original  sources  varies 
according  to  the  nature  of  oil,  the  character  of  the  plant  part  whence 
derived,  and  other  considerations.  The  methods  can,  however,  be 
roughly  classified  into  the  f oUowing  groups : 
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I.  Distillation  with  WcUer. — In  this  case  the  drug  is  placed  in  a  still 
with  cold  water,  care  being  taken  to  prevent  the  drug  from  touching  the 
bottom  of  the  still,  for  if  so  exposed,  the  plant  part  is  apt  to  scorch,  thus 
vitiating  the  odor  of  the  distillate  (p.  102).  The  water  is  then  slowly  and 
carefully  heated,  and  as  it  distils  it  carries  over  with  it  the  volatUe  oil 
found  in  the  plant.  This  is  the  process  by  which  most  crude  oils  are 
distilled  in  their  native  home,  especially  those  distilled  in  the  Orient. 
Example,  oil  of  cajuput. 

II.  Distillation  with  Steam. — This  process  has  already  been  fully 
described  (p.  102),  hence  it  is  merely  necessary  to  say  that  it  is  em- 
ployed in  place  of  distillation  with  water  by  all  progressive  distillers  of 
oils  produced  in  Europe  and  America.  This  is  the  way  that  oil  of 
peppermint  is  now  obtained  in  Michigan. 

III.  Distillation  Alone. — This  process  is  applied  in  the  case  of  some 
crude  cheap  oils,  such  as  the  manufacture  of  oil  of  turpentine  from  its 
oleoresin,  which  is  placed  in  a  still  and  cautiously  heated  until  aU  the  oil 
passes  over.  The  residue  in  the  still  in  the  case  considered  constitutes 
official  rosin.  Even  in  the  case  of  oil  of  turpentine,  some  distillers  intro- 
duce a  small  stream  of  water  into  the  distilling  mass  to  lessen  the  danger 
of  scorching. 

IV.  Destructive  Distillation. — The  so-called  oils  obtained  by  this 
process,  which  has  already  been  described  on  p.  103,  are  in  truth  tarry 
products,  and  no  longer  classed  among  the  true  oils.  An  example  of 
these  is  the  official  oil  of  cade. 

V.  Vacuum  Distillation. — This  process,  described,  on  p.  103,  is  prac- 
tically never  used  in  obtaining  a  crude  oil  from  its  plant  sources,  but  is 
used  largely  in  refining  crude  oils. 

yi.  Expression. — The  oils  from  the  rind  of  the  fruits  of  the  Citrus 
family — ^lemon,  orange,  bergamot,  etc. — reside  in  the  outer  layer  of 
cells,  hence  can  be  obtained  by  expression.  This  process  is  used  in  these 
cases  because  the  distillation  of  the  rind  yields  an  inferior  oil.  The 
extraction  of  the  oil  is  accomplished  either  by  pressing  the  quarter  or 
half  fruit  against  a  sponge,  which  is  eventually  expressed  into  the  con- 
tainer, or  by  the  use  of  a  complicated  machine  which  ruptures  the  oil- 
cells  by  scraping,  and  then  pressing  the  broken  cells  against  sponges. 
This  machine  works  well  only  with  the  round  fruits,  orange  and  bergamot, 
being  useless  in  the  case  of  lemon. 

The  ecueUe  d  jnquer  is  a  hollow  bowl  disk  studded  with  needles  on  its 
concave  side,  and  provided  with  a  hollow  handle  which  collects  the  oil 
separated  from  the  rind  by  the  pricking  of  needles  when  the  instrument 
is  revolved  against  the  fruit.    It  is  not  used  much  at  present. 

VII.  Enfleurage. — This  method  is  employed  in  removing  from  flowers 
odors  too  subtle  to  stand  distillation  and  too  scarce  to  permit  of  expres- 
sipn.     Briefly  explained,  the  process  consists  of  bringing  the  fresh  flowers 
in  contact  with  lard  made  odorless  by  prolonged  washing  with  water. 
The  lard  is  spread  on  glass  plates  in  thin  layers,  and  thereon  are  thrown 
the  flowers,  usually  prevented  from  direct  contact  with  the  lard  by  having 
wire  netting  interposed.     When  the  flowers  wither,  new  ones  are  spread 
on  the  netting,  and  the  batches  are  renewed  until  the  lard  has  the  suffi- 
cient amount  of  odor.    Such  odorous  lard  is  called  a  pomadey  the  qualify- 
ing phrases  triple  and  quadruple  meaning  that  the  lard  has  been  impreg- 
nated with  the  odor  of  three  or  four  times  its  weight  of  flowers  respect- 
ively.    The  pomades  are  usually  made  direct  into  perfume  by  mixing 
the  lard  with  cologne  spirit  (p.  590),  which  dissolves  the  perfume,  but 
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not  the  fat.  The  latter  is  then  separated  by  filtration.  The  filtrate 
forms  the  perfumer's  extract,  the  standard  strength  of  which  is  the  filtrate 
from  a  mixture  of  1  kilo  of  pomade  and  1250  mils  cologne  spirit.  While 
the  odorous  principles  of  flowers  are  known  to  be  volatile  oils,  only 
recently  have  efforts  been  made  to  isolate  the  oil,  perfumers  finding  that 
the  extracts  above  described  answered  their  purpose.  The  volatile  oil 
of  jasmin  has,  however,  been  isolated  by  Verley  by  shaking  the  pomade 
with  liquid  petrolatum,  which  absorbs  the  oil,  and  extracting  the  latter 
from  its  petroleum  solution  by  shaking  with  acetone. 

VIII.  Percolation. — Of  late,  perfume  chemists  have  been  extracting 
floral  volatile  oils  more  or  less  associated  with  solid  fats  by  percolating 
the  flowers  with  low-boiling  solvents,  such  as  methyl  chloride.  It  is 
beyond  the  limits  of  this  work  to  give  more  than  this  brief  statement 
as  to  extraction  of  volatile  oils,  and  for  further  details  the  reader  is 
referred  to  the  books  on  volatile  oils  and  perfumes  cited  in  the  bibliography. 

OLEUM  CAJUPUTI— Oa  of  Cajuput 
(Ol.  Cajup. — Cajuput  Oil — Oil  of  Cajeput) 

A  volatile  oil  distilled  from  the  fresh  leaves  and  t^ri^  of  several  varieties  of 
Melaleuca  Leucadendron  Linn^,  especially  the  var.  Cajeputi  Roxburgh  and  the  var. 
minor  Smith  (Fam.  MyrtacecB),  Preserve  it  in  wellnstoppered,  amber-colored  bottles, 
in  a  cool  place. 


Summarized   Deacrivti/m, 

1  liquid;  peculiar,  agreeable  camphoraceoua 

'      '     '     Sp.   CT. 

0.925;   optical  rotation,    —4®  in   100-mm.  tube.    For  details  see  U.SjP.,  p.  288. 


nm 
Colorless  or  yellowish  liquid;  peculiar,  agreeable  camphoraceous  odor;  aromatic, 
slightly  bitter  taste j  soluble  in  1  volume  of  80  pejr  cent,  alcohol;  sp.  ^.  0.912  to 


For  tesU  for  identity  and  for  impurities:  Oieavy  metals)  see  U.S.P.,  p.  288  and  also 
Part  V  of  this  book. 

Composition, — Cineol  (p.  735),  55  per  cent.,  a  solid  terpineol,  small 
amount  of  terpenes,  aldehydes,  etc. 

Remarks. — The  green  color  of  most  cajuput  oil  is  due  to  the  copper 
absorbed  from  the  still. 

Medical  Properties. — Stimulant  and  rubefacient. 

Dose. — 0.5  mil  (8  minims). 

OLEUM  CHENOPODII— Oil  of  Chenopodium 
(Ol.  Chenopod. — Oil  of  American  Wormseed) 

A  volatile  oil  distilled  from  Chenopodium  ambrosioidee  anthelminticum  Linn6 
(Fam.  CherurpodiaceoB).  Preserve  it  in  well-stoppered,  amber-colored  bottles,  in  a 
cool  place,  protected  from  light. 

Summarized  Description. 

Colorless  or  pale  yellow  Uauid;  characteristic  disagreeable  odor  and  taste;  soluble 
in  8  volumes  of  70  per  cent,  alcohol;  optical  rotation  —4®  to  —10**  in  100-mm.  tube. 
For  details  see  U.S.P.,  p.  290. 

Composition. — ^A  terpene,  CioHie,  ascaridoU,  CioHwOj,  an  unstable 
organic  dioxide,  exploding  when  heated  with  mineral  acids. 

Remarks. — ^The  "optical  rotation,"  mentioned  in  the  official  defini- 
tion, refers  to  the  deflection  of  the  ray  of  light  when  passing  through  100 
millimeters  of  the  oil  contained  in  the  tube  of  a  polarizing  apparatus 
(p.  735).  Explanatory  of  the  measurement  of  the  angle  in  this  case 
(—4°  to  —10°),  it  may  be  stated  that  the  minus  sign  means  a  rotation 
to  the  left  (Iffivogyrate),  while  the  4?  of  rotation  is  based  on  the  standard 
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360^  of  the  circle.  If  the  substance  rotated  the  ray  of  light  5°  to  the 
right,  it  woiild  be  expressed  "+5°."  This  statement  as  to  the  angle  of 
rotation  is  here  given  not  only  to  explain  this  particular  case,  but  also 
because  similar  data  are  given  regarding  many  of  the  oils  of  the  present 
pharmacopoeia. 

Medical  Properties, — Anthelmintic,  usually  administered  mixed  with 
castor  oil.  The  oil  is  distinctly  toxic,  because  of  the  ascaridole  which  it 
contains. 

Dose. — 0.2  mil  (3  minims). 

Chenopoditiin,  or  American  wormseed,  was  official  in  the  pharmacopoeia  of  1890. 
Its  only  important  constituent  is  the  oil  described  above. 

Oleum  Erigerontis  (U.S.P.  VIII)  or  oil  of  erigeron  ia  distilled  from  the  fresh 
flowering  herb  of  Erigeron  canadensia.  It  contains  dextrogyrate  limonene  and  is 
used  as  a  hemostatic  and  stimulant. 

OLEUM  JUNIPERI— Oil  of  Jumper 
(Ol.  Junip. — ^Juniper  Oil — Oil  of  Juniper  Berries) 

A  volatile  oil  distilled  from  the  ripe  fruit  of  Juniperu8  communiSf  Linn6  (Fam. 
Pinacea).  Preserve  it  in  well-stoppered,  amber-colored  bottles  in  a  cool  place,  pro- 
tected from  light. 

Summarized  Description. 

Colorless,  faintly  green  or  yellow  liquid;  characteristic  odor  and  taste;  soluble  in 
4  volumes  of  alcohol;  sp.gr.  0.854  to  0.879;  optical  rotation,  0**  to  —15®  in  lOO-mm. 


jp.gr.  u.» 
U.S.?.,  p. 


tube.    For  details  see  U.S.P.,  p.  203. 

Composition. — Pinene,  cadinene,  a  terpineol,  CioHnOH,  borneol  and 
iso-borneol. 

Medical  Properties. — Stimulant,  diuretic.  Gin  (p.  182)  is  an  alcoholic 
solution  of  this  oil  prepared  by  distilling  fermented  juniper  berries,  and 
is  simulated  in  the  official  compound  spirit  of  juniper  (p.  182).  The 
simple  spirit  of  juniper  (p.  181)  is  also  official. 

Dose. — Of  oil,  0.2  mil  (3  minims). 

Junipems  (U.S.F.  VIII;  N.F.  IV)  is  the  fruit  of  Juniperus  communis.  Beside  the 
oil  (about  1  per  cent.)  the  berries  contain  fruit  acids,  pectin,  protein  and  resins.  It  is 
a  popular  domestic  diuretic.     Dose,  I  drachm. 

OLEUM  LAVANDULiE— Oil  of  Lavender 
(Ol.  Lavand. — Oleum  Lavandulae  Florum,  U.S.P.  VIII) 

A  volatile  oil  distilled  from  the  fresh  flowering  tope  of  Lavandula  vera  De  CandoUe 
(Lfavandtda  officinalis  Chaix,  Lavandula  spica  Linn6)  (Fam.  LabiaUe).    Preserve  it  in 
well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 
Summarized  Description. 

Colorless  or  yellow  liquid;  characteristic  odor  and  taste;  soluble  in  3  volumes  of 
70  per  cent,  alcohol;  sp.  wr.  0.875  to  0.888;  optical  rotation,  —1**  to  —10**  in  100-mm. 
!^ube.      For  details  see  ILS.P.,  p.  294. 

For  tests  for  identity,  for  impurities:  alcohol  (volume  not  diminished  by  shaking 
vitH  ivater).    Esters  (modified  volumetric  test)  see  U.S.?.,  p.  204. 

Composition. — ^L»vogyrate  linalyl  acetate,  30  to  45  per  cent. ;  geraniol, 
tome  terpenes,  etc. 

Remarks.— (HI  of  spike  is  a  crude  oil  of  lavender,  made  by  distilling 
he  lavender  herb.  Most  of  the  oil  of  spike  in  the  American  market  is 
,  factitious  product. 

Medical  Properties. — Stimulant.    Used  mostly  as  perfume.     Official 
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preparations:    SpirU  of  lavender  (p.    182)  and   compound  tincture  of 
lavender  (p.  229).     A  constituent  of  aromatic  spirit  of  ammonia  (p.  454). 
Dose.— 0.2  mil  (3  minims). 

Oleum  Rose  (U.S.?.  VlUy^  or  oUo  of  rose,  is  a  volatile  oil  distilled  from  the  fresh 
flowers  of  Rosa  damaacena.  It  consists  of  a  liquid  portion  containing  geraniol, 
(p.  732),  70  per  cent.;  citronellol,  20  per. cent.;  esters,  2.5  to  3.5  per  cent.;  and  a 
stearopten  which  is  a  mixture  of  parafi^  hydrocarbons. 

Tlie  pure  oil  is  very  expensive,  since  it  requires  3000  kilos  of  fresh  petals  to  vield 
one  kilo  of  oil;  hence  the  commercial  article  is  ^ssly  adulterated — at  place  of  dis- 
tillation in  Bulgaria — ^with  palmarosa  oil  (Turush  geranium  oil),  and  m  the  open 
market  with  a  host  of  other  substances. 

As  these  adulterants  contain  no  stearopten,  the  congealing  point  test  of  the  former 
pharmacopoeia  was  aimed  to  distinguish  tne  pure  oil  from  adulterated  specimens,  but 
as  the  spermaceti  is  added  to  sophisticated  oils  to  make  up  for  the  lack  of  the  true 
stearopten,  the  test  loses  some  of  its  value.  As  palmarosa  oil  consists  largely  of  gera- 
niol,  assays  for  that  body  have  no  value  in  determining  purity  of  rose  oil;  hence 
chemists  rely  chiefly  on  the  saponification  figures  such  as  described  in  Part  V.  While 
the  saponification  number  of  oil  of  rose  is  10  to  17,  that  of  palmarosa  oil  is  30  to  50. 

Oil  of  rose  is  used  almost  exclusively  as  a  perfume. 

OLEUM  ROSMARINI— Oil  of  Rosemary 
(OL  Rosmar. — Rosemary  Oil) 

A  volatile  oil  distilled  from  the  fresh  flowering  tops  of  Bosmariniu  oMcinalU 
Linn6  (Fam.  LabiatcB)^  yielding  not  less  than  2.5  per  cent,  of  ester,  calculated  as 
bomyl  acetate  [CieHi7CaHsOs»  196.16]  and  not  less  than  10  per  cent,  of  total 
bomeol  [GioHirOHs  154.14].  Preserve  it  in  weU-stoppered,  amber-colored  bottles 
in  a  cool  place,  protected  from  light. 

Summarized  Description. 

Ck>lorleBS  or  pale  yellow  Uquid;  characteristic  odor;  camphoraceous  taste;  soluble 
in  10  volumes  of  80  per  cent,  alcohol;  sp.  gr.  .0894  to  0.912.  For  details  see  U.S. P., 
p.  800. 

For  asBay  see  U.S.P.,  p.  300  and  also  Part  V  of  this  book. 

Composition. — ^Pinene,  camphene,  cineol,  camplior,  bomeol,  esters,  etc. 

Remarks. — It  will  be  seen  from  the  official  definition  that  the  official 
oil  must  contain  2.5  per  cent,  of  ester  and  10  per  cent.  l:)omeol.  The 
ester  estimation  is  by  saponification  number,  while  the  l:>omeol  is  assayed 
by  means  of  the  acetylization  test.  These  latter,  like  the  saponification 
test,  will  be  explained  in  chapter  on  Volumetric  Analysis  (p.  914). 

Medical  Properties. — Carminative. 

Dose. — 0.2  mil  (3  minims). 

OLEUM  SANTALI— Oil  of  Santal 
(OL  SantaL — Santalwood  Oil — Oil  of  Sandalwood) 

A  volatile  oil  distilled  from  the  wood  of  Santalum  ciXbum  Linn6  (Fam.  Saniailaceat), 
yielding  not  less  than  90  per  cent,  of  alcohols,  calculated  as  santalol  [CuHteO  « 
222.21].  Preserve  it  in  wellHstoppered,  amber-colored  bottles,  in  a  cool  place,  pro- 
tected from  light. 

Summarized  Description, 

Pale  yellow,  somewhat  thick  liquid;  characteristic  odor;  soluble  in  5  volumes  of 
70  per  cent,  alcohol;  sp.  gr.  0.965  to  0.980;  optical  rotation,  -15**  to  -20*  in  100- 
mm.  tube.  For  details  see  U.S.?.,  p.  300.  For  assay  see  U.S.P.,  p.  300  and  also 
Part  V  of  this  book. 

Composition. — Santalol  (a  mixture  of  two  isomeric  alcohols,  C1&HJ4O) ; 
santalene  (a  mixture  of  two  isomeric  sequiterpenes,  CUH24) ;  a  santalol  (an 
aldehyde,  CnHieO) ;  santanone  (a  mixture  of  ketones,  including  true  san- 
tanone,  CnHieO,  and  nor-camphor,  CaHhO);  santanone  alcohol,  C^HisO; 
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a  hydrocarbon,  CnHis;,  teresantalol,  an  alcohol,  CioHieO;  teresantalic 
acid,  CjHwCOOH,  and  esters  of  the  above-mentioned  alcohols  and  acids. 

Remarks. — It  will  be  noted  that  this  oil  comes  from  a  different  source 
than  the  official  red  saunders. 

Medical  Properties. — Antiseptic  in  gonorrhea. 

Dose. — 0.5  mil  (8  minims). 

OLEUM  THYMI— Oa  of  Thyme 
(Ol.  Thymi— Thyme  Oil) 

A  volatile  oil  distiUed  from  the  flowering  plant  of  Thymus  vtdgaria  Linn^  (Fam. 
LabiatcB),  and  containing  not  leas  than  20  per  cent.,  by  volume,  of  phenols.  Preserve 
it  in  wellHStoppered,  amoer-colored  bottles,  in  a  cool  place  protected  from  light. 

Summarized  Description. 

Colorless  or  rea  liquid;  characteristic  odor  and  taste;  soluble  in  2  volumes  of  80 
per  cent,  alcohol;  sp.  gr.  0.894  to  0.930;  slightly  levorotatory.  For  details  see  U.S.P., 
p.  304. 

For  testa  for  identiiVj  for  impuriHeSj  phenol  (aqueous  solution  not  colored  blue  or 
violet  by  ferric  chloride). 

Outline  of  Assay. — Shake  in  a  cassia  flask  with  sodium  hydroxide  solution  and  then 
fill  flask  up  to  the  graduations  in  the  neck.  Insoluble  part  should  represent  not  more 
than  80  per  cent,  of  the  original  volume.    For  details  see  U.S.P. 

Composition, — Thymol,  cumene,  levorotatory  pinene,  borneol,  lina- 
lool,  carvacroly  etc. 

Remarks. — The  valuation  of  oil  of  thyme  is  based  by  the  U.S.P.  IX 
on  the  phenol  content,  which  should  be  at  least  20  per  cent.  The  assay 
given  above  depends  on  the  fact  that  the  phenols,  when  treated  with 
alkali,  saponify  and  become  soluble  in  water.  Thus,  from  what  was 
originally  10  mils  of  water-insoluble  oil,  2  mils  become  soluble  through 
action  of  alkali,  leaving  8  mils  of  water-insoluble  residue. 

Medical  Properties. — Carminative  and  antiseptic. 

Dose. — 0.2  mil  (3  minims). 

VOLATILE  OIL  DRUGS 

VALERIANA— Valerian 
(Valer.) 

The  dried  rhizome  and  roots  of  Valeriana  officinalis  Linn^  (Fam.  Valerianaeea). 

Constituents. — Volatile  oil,  resin,  acids,  etc. 

The  volatile  oil  is  composed  of  the  terpenes,  camphene  and  pinene; 
borneol  esters,  chiefly  the  valerianate,  9.5  per  cent.,  and  several  other 
bodies.  It  is  now  thought  that  all  the  valerianic  acid  present  is  in  the  form 
of  the  ester  above  mentioned. 

Medical  Properties. — Sedative  in  hysteria.  Administered  as  tincturey 
U.S.P.  (p.  233),  and  the  amrrumiaJted  tincture,  U.S.P.  (p.  233).  The 
valerianates,  especially  ammonium  valerianate,  are  popular,  an  elixir 
of  which  is  recognized  by  the  National  Formulary  (p.  207). 

Dose. — Of  drug,  2  grammes  (30  grains). 

VIBURNUM  PRUNIFOLIUM— Viburnum  PrunifoUum 
(Vibum.  Pnin. — Black  Haw — Viburnum) 

The  dried  bark  of  Viburnum  prunifolium  Linn6  or  of  Viburnum  Lentago  Linn6 
(Fam.  CaprifoliaceoB),  without  the  presence  or  admixture  of  more  than  5  per  cent,  of 
wood  or  other  foreign  matter. 
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CanstituerUs. — Valeric  acid  and  bitter,  resinous  principles,  one  of  the 
latter  being  called  vibumin. 

Remarks, — This  bark  is  placed  in  this  chapter  merely  for  the  lack  of 
a  better  position.  If  it  possesses  any  medicinal  activity,  it  is  due  to  the 
valerianic  acid  it  contains,  hence  they  can  best  be  considered  along  with 
valerian.  Bear  in  mind,  however,  that  the  drug  contains  no  volalile  oUy 
hence  its  study  in  this  chapter  is,  to  a  certain  extent,  inconsistent  and 
possibly  misleading. 

Medical  Properties. — The  drug  is  popularly  esteemed  as  nervines, 
especially  in  internal  disorders;  having  been  of  late  largely  advertised 
among  physicians,  through  the  exploiting  of  a  proprietary  prescription. 
The  present  pharmacopoeia  recognizes  the  fluidextract  (p.  244)  and  the 
extract  (p.  280). 

Dose. —  2  grammes  (30  grains). 

Viburnum  Opulus  (U.S.P.  VIII;  N.F.  IV),  or  cramp  barkj  is  properly  obtained 
from  Viburnum  ozmluSy  var.  Americanum  (Miller)  Aiton  (Fam.  CapriSoLiacea) 
idthough  much  of  tne  viburnum  opulus  of  commerce  consists  almost  enUrelv  of  the 
bark  of  Acer  spicata.  Its  vtdue,  if  any,  like  that  of  black  haw,  is  due  to  the  vale- 
rianic acid  which  it  contains.     Dose^  30  grains. 

SASSAFRAS— Sassafras 

(Sassaf.) 

The  bark  of  the  root  of  Sassafras  variifoLium  (Salisbury)  O.  Kuntse  (Fam.  La%t>' 
raceoe),  without  the  presence  or  aamixture  of  more  than  2  per  cent,  of  adhering  wood, 
collected  in  the  early  spring  or  autumn,  deprived  of  the  outer  corky  layer  and  dried. 

Constituents. — Volatile  oil,  7  per  cent.;  resin,  a  tannin-like  body  called 
sassafrid,  tannic  acid,  etc. 

Medical  Properties. — Carminative,  diaphoretic  (as  hot  infusion). 
Dose. — 10  grammes  (2}4  drachms). 

OLEUM  SASSAFRAS— Oil  of  Sassafras 
(Ol.  Sassaf. — Sassafras  Oil) 

A  volatile  oil  distilled  from  the  root  of  Sassafras  variifolium  (Salisbury)  O.  Kuntse 
(Fam.  Lauraceas).  Preserve  it  in  well-stoppered,  amber-colored  bottles,  in  a  cool 
place,  protected  from  light. 

Summarized  Description. 

Yellow  or  reddish-yellow  liquid;  characteristic  odor  and  taste;  soluble  in  2  volumes 
of  90  per  cent,  alcohol;  sp.  gp.  1.066  to  1.077;  optical  rotation  -f-3**  to  -f-  4**  in  100-mm. 
Mibe.     For  details  see  U.SJ*.,  p.  301. 

Composition. — Safrol,  80  per  cent.;  pinene  and  phellandrene,  10  per 
cent. ;  dextrogyrate  camphor,  6.8  per  cent. ;  eugenol,  sesquiterpenes,  etc. 

Medical  Properties.— Stimulant  and  carminative.  Used  largely  in 
liniments. 

Dose. — 0.2  mil  (3  minims). 

CmNAMOMUM  SAIGONICUM— Saigon  Cinnamon 

(Cinnam.  Saigon.) 

The  dried  bark  of  an  imdetermined  species  of  Cinnamomum  (Fam.  Lauraceoe). 

CmNAMOMUM  ZEYLANICUM— Ceylon  Cinnamon 

(Cinnam.  Zeylan.) 

The  dried  bark  of  cultivated  trees  of  Cinnamomum  zeylanicum  Breyne  (Fam. 
Lauraceai)^  without  the  presence  or  admixture  of  more  than  3  per  cent,  of  the  outer 
bark  or  other  foreign  matter. 
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Constituents, — Both  barks'  contain  volatile  oil,  mucilage,  only  traces  of 
starch,  etc. 

Remarks. — These  two  barks  are  similar  in  properties,  but  widely 
different  in  appearance,  Saigon  cinnamon  being  in  pieces  not  unlike 
ordinary  barks  of  same  sizes;  while  Ceylon  cinnamon,  which  is  the  inner 
bark,  is  as  thin  as  paper,  and  comes  in  tightly  rolled  quills.  The  oil 
from  these  two  barl^  is  not  identical  with  the  olBicial  oil. 

Official  preparations  (all  from  the  Saigon  bark) :  Tincture  cinnamon, 
compound  tincture  of  cardamom,  compound  tincture  of  gambir,  compound 
tincture  of  lavender,  aromatic  tincture  of  rhubarb,  and  aromatic  powder. 

Medical  Properties. — Carminative,  flavor. 

Dose, — Of  each  bark,  250  milligrammes  (4  grains). 

Catsia  cinnamon,  the  bark  of  Cinnanwmum  Cassiay  was  recognized  by  the  phar- 
macopoeia of  1890,  but  was  dropped  in  the  eighth  revision. 

OLEUM  CASSIS — Oil  of  Cinnamon 
(Ol.  Cass. — ^Oleum  Cinnamomi,  U.S.P.  VIII — Cassia  Oil) 

A  volatile  oil  distilled  from  Cinnamomum  Cassia  (Nees)  Blume  (Fam.  LauracecB), 
rectified  by  steam  distillation  and  yielding  not  less  than  80  per  cent,  by  volume  of 
cinnamic  aldehyde  [CsHgO  »  132.06].  Preserve  it  in  well-stoppered,  amber-colored 
bottles,  in  a  cool  place,  protected  from  Ught. 

Summarized  Description, 

Yellowish  or  brownish  liquid,  darkens  and  thickens  on  agin^  and  on  exposure  to 
the  air;  characteristic  odor  and  taste;  sp.  gr.  1.045  to  1.063;  optical  rotation,  +1^  to 
—  1**  in  100-mm.  tube.     For  details  see  U.S.P.,  p.  290. 

For  tests  for  identity,  for  impurities:  Heavy  metals  (hydrogen  sulphide  test).  Rosin 
(solution  in  petroleum  benzine  not  turned  green  by  shaking  with  copper  acetate 
solution)  for  assay  see  oil  of  caraway. 

Composition. — Cinnamic  aldehyde,  75  per  cent.;  methyl-orthocumaric 
aldehyde,  cinnamyl  acetate,  free  cinnamic  acid,  etc. 

Remarks, — It  will  be  noted  that  the  official  definition  given  above 
does  not  specify  which  part  of  the  Cassia  cinnamon  plant  furnishes  the 
oil.  In  truth,  all  parts  yield  it,  but  the  commercial  source  is  usually 
the  leaves  and  twigs.  The  oil  is  not  identical  with  that  from  Ceylon 
cinnamon;  in  fact,  the  only  point  of  similarity  is  that  the  bulk  of  both 
oils  consists  of  cinnamic  aldehyde  (p.  721).  Cinnamic  acid  present  in 
the  oil  attacks  metals,  and  as  the  oil  is  shipped  from  China  in  lead  con- 
tainers, that  metal  is  apt  to  be  found  in  the  oil;  hence  the  pharmacopoeial 
test  for  heavy  metals. 

Medical  Properties, — Stimulant,  rubefacient,  flavor.  Used  in  pre- 
paring cinnamon  water,  U.S.P.  (p.  176),  B.nd  spirit  of  cinnamon,  U.S.P. 
(p.  181). 

Dose. — 0.2  mil  (3  minims). 

EUCALYPTUS— Eucalyptus 
(Eucalypt — Blue  Gum  Leaves) 

The  dried  leaves  of  Eucalyptus  Globtdus  Labillardidre  (Fam.  Myrtaceoe),  collected 
from  the  older  parts  of  the  tree,  without  the  presence  or  admixture  of  more  than  3 
per  cent,  of  the  stems,  fruits  ana  other  foreign  matter. 

Constituents, — Volatile  oil,  6  per  cent. ;  chlorophyll,  resin,  tannin,  etc. 
Medical  Properties, — Stimidant,  carminative,  antiseptic.     The  fluidr 
extract  (p.  244)  is  oi&cial. 

Dose. — 2  grammes  (30  grains). 
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OLEUM  EUCALTPTI— Oil  of  Eucalyptus 
(OL  Eucalypt — ^Eucalyptus  Oil) 

A  volatile  oil  distilled  from  the  fresh  leaves  of  Eucalyptus  Globtdtis  Labillardiire 
(Fam.  MyrtaceiE)  or  from  some  other  species  of  EtuxdypiuSf  and  yielding  not  leas 
than  70  per  cent.,  by  volume,  of  eucalyptol  (cineol)  [(JioHigO  =  154.14].  Preserve 
it  in  well-fitoppered,  amber-coloied  bottles,  in  a  cool  place,  protected  from  light. 

Summarized  Deacriplion. 

Colorless  or  pale-yellow  liquid;  characteristic  camphoraoeous  odor;pimgent  spicy, 
cooling  taste;  soluble  in  4  parts  of  70  per  cent,  alcohol;  sp.  gr.  0.905  to  0.d25.  For 
details  see  U.S.P..  p.  291. 

For  testa  for  identity y  for  impurities:  Other  eucalyptus  oils  containing  much  phel- 
landrene  (no  crystals  of  phellandrene  nitrite  when  treated  with  sodium  nitrite  and 
glacial  acetic  acid). 

OtUline^  Assay. — Form  eucalyptol  arsenate  by  treating  the  oil  with  arsenic  acid 
T.  S.  at  O^Cf.  Carefullv  dry  this  between  filter  paper,  transfer  to  a  cassia  flask,  add 
hot  distilled  water  and.  read  voliune  of  the  separated  eucalyptol.  For  details  see 
U.S.P.,  p.  292. 

Composition. — Eucalyptol  (or  cineol),  50  per  cent.;  dextrog3rrate 
pinene;  other  terpenes  (little  or  no  phellandrene),  etc. 

Remarks. — The  cineol  assay  given  above  is  based  on  the  formation 
of  solid  cineol  arsenate.  The  dried  precipitate  is  then  transferred  to  a 
cassia  flask  and  is  treated  with  warm  water,  when  the  cineol  separates 
as  an  oily  liquid,  and  its  volume  can  be  measured.  Ten  mils  of  oil  should 
by  this  process  yield  7  mils  of  cineol.  Note  that  cineol  is  official  (see 
Eucalyptol,  p.  735). 

Medical  Properties. — Antiseptic. 

Dose. — 0.5  mil  (8  minims). 

BUCHU— Buchu 

The  dried  leaves  of  Barosma  betulina  (Thunberg)  Bartlin^  and  Wendland,  known 
in  commerce  as  Short  Buchu;  or  of  Barosma  serratijolia  (Curtis)  WiUdenow,  mown  in 
commer<«  as  Long  Buchu  (Fam.  Rutacecs),  without  the  presence  or  admixture  of 
more  than  10  per  cent,  of  stems  and  other  foreign  matter. 

Constituents. — Volatile  oil,  fat,  mucilage,  chlorophyll,  etc. 

Remarks. — The  volatile  oil  contains  a  stearopten,  diosphenol  (a 
phenol,  CioHi602,  which  turns  green  black  with  ferric  chloride),  while 
the  eleoptene  consists  of  a  terpene,  CioHig,  and  a  ketone  resembling 
menthone. 

Remarks. — The  most  prominent  characteristic  of  this  valuable  drug 
of  South  Africa  is  its  peculiar  and  pleasant  odor. 

Medical  Properties.— Stimulant,  diuretic.  Administered  as  infusion 
and  2A  fiuidextract,  U.S.P.  (p.  244). 

Dose. — 2  grammes  (30  grains). 

Hedeoma  (U.S.P.  VIII),  or  pennyroyal,  is  the  dried  leaves  and  flowering  tops  of 
Hedeoma  mdyurides  (linn^)  Persoon  (Fam.  LabiaUB).  Its  chief  constituent  is  its 
volatile  oil.  It  is  used  as  a  diaphoretic,  emmenagogue,  carminative,  in  120-grain 
doses. 

Oleum  Hedeom»  (U.S.P.  VIII),  or  oU  of  pennyroyal,  is  distilled  from  the  leaves 
and  flowering  tops  of  Hedeoma.  It  contains  pulegone,  CioHi«0  (24  per  cent.), 
methyl-cyclohexanone  (6  per  cent.),  menthones  (50  per  cent.),  pinene,  limon^ie. 
dipentene,  a  sesquiterpene  alcohol,  a  phenol,  formic,  butyric  and  other  acids,  free  ana 
combined.  It  is  an  emmenagogue  and  as  it  is  frequently  used  as  an  abortincient,  its 
sale  is  prohibited  in  many  States.    Dose,  3  minims. 
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« 

MENTHA  PIPERITA— Peppermint      ' 
(Menth.  Pip.) 

The  dried  leaves  and  flowering  tops  of  Mentha  piperita  Linn6  (Fam.  Lairiatm). 

ComiituenJts. — Volatile  oil,  tannic  acid,  etc. 

Medical  Properties. — Carminative,  stimulant,  flavor.     The  herb  is  used 
to  color  the  ofiicial  spirit  of  peppermint  (p.  182). 
Dose.— 4  grammes  (60  grains) . 


OLEUM  MENTOS  PIPERITiE— Oil  of  Peppermint 

(Ol.  Menth.  Pip. — Peppermint  Oil) 

A  volatile  oil  distilled  from  the  flowering  plant  of  Mentha  piperita  Linn^  (Fam. 
LabiatcB),  rectified  by  steam  distillation,  and  yielding  not  less  than  5  per  cent,  of  esters, 
calculated  as  menthyl  acetate  [C10H19C1H3O3- 198.18],  and  not  less  than  50  per 
cent,  of  total  menthol  [CioHuOH^  156.16],  free  and  as  esters.  Preserve  it  in  well- 
stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

Summarized  Description, 

Colorless  liquid,  strong  odor  of  peppermint:  pungent  taste,  followed  by  sensation  of 
cold  when  air  is  drawn  into  the  moutn;  soluble  in  4  volumes  of  70  per  cent,  alcohol; 
sp.  gr.  0.896  to  0.908;  optical  rotation,  -23**  to  -33**  in  100-mm.  tube.  For  details 
see  U.S.P.,  p.  295. 

For  tests  for  identity,  for  impurities:  Dimethyl  sulphide  (no  white  film  when  first 
part  of  distillate  is  poured  upon  mercuric  chloride  T.  S.,  and  for  assay  see  U.S. P.,  p. 
296  and  also  Part  V  of  this  book. 

Assay. — ^For  esters  and  for  menthol,  see  Part  V. 

Composition. — Menthol,  U.S. P.;  methyl  acetate;  menthene  and  four- 
teen other  bodies. 

Remarks. — The  different  peppermint  oils — American,  English,  Jap- 
anese, German — are  not  identical  in  chemical  composition,  the  state- 
ment just  given  referring  to  the  American  oil.    Thus  the  Japanese 
oil  contains  70-91  per  cent,  total  menthol,  the  English  58  to  66  per 
cent.,  while  the  American  has  50  to  60  per  cent.    The  menthol  content 
was  formerly  considered  the  criterion  of  quality  of  the  oil;  hence  the 
test  provided  in  the  former  pharmacopoeias  that  a  sample  of  oil  placed 
in  freezing  mixture  should  yield  crystals  of  menthol.    Experience  has 
shown,  however,  that  oil  of  the  best  quality  did  not  respond  to  this 
test,   which  was,  therefore,  omitted  in  the  last  revision.    The  assay 
for  menthol  (acetylization  test)  and  of  methyl  acetate  (saponification 
test)  will  be  given  imder  volumetric  analysis. 

Medical  Properties. — Carminative  and  flavor.  Administered  as  spirit, 
U.S.P.  (p.  182).  The  oil  is  a  constituent  of  peppermint  water,  U.S.?. 
(p.  177). 

Dose. — 0.2  mil  (3  minims). 

MENTHA  VmiDIS— Spearmint 
(Menth.  Vir.) 

The  dried  leaves  and  flowering  tops  of  Mentha  spiccUa  Linn^  (Mentha  viridis  Linn4 ) 
CFam.  LahiakR), 

OLEUM  MENTHS  VIRIDIS— OU  of  Spearmint 
(OL  Menth,  Vir.— Spearmint  Oil) 

A  volatile  oil  distilled  from  the  flowering  plant  of  Mentha  spicata  Linn6  {Mentha 
irulis  Liiim^)  (Fam.  Labiates),  and  yielding  not  less  than  43  per  cent,  by  volume,  of 


748  PRINCIPLES    OF   PHARMACY 

carvone  [CioHuO  »  150.11].     Preserve  it  in  well-stoppered,  amber-colored  bottles, 
in  a  cool  place,  protected  from  light. 

Summarized  Deacriplion, 

Colorless,  yellow  or  greenish-yellow  liquid;  characteristic  odor  and  taste;  soluble 
in  1  volume  of  80  per  cent,  alcohol:  sp.  gr.  0.917  to  0.934;  optical  rotation  —38^  to 
-55**  in  100-mm.  tube.     For  details  see  U.S.P.,  p.  296. 

Assay. — ^Like  oil  of  caraway. 

Composition. — ^Levogyre  carvone,  66  per  cent. ;  limonene,  phellandrene, 
dihydrocarvenone. 

Medical  Propreties. — ^Like  oil  of  peppermint  and  in  same  dose. 
Spirit  of  Spearmint,  U.S.P.  (p.  182),  is  made  from  the  oil  and  a  small 
amount  of  the  herb. 

Peppermint,  and  spearmint,  are  representatives  of  the  LabiatcB,  the 
"lip  family,"  or  mint  family;  this  group  of  plants  being  so  called  because 
the  flowers  of  this  family  have  their  petals  united  with  a  two-lipped 
corolla,  as  shown  in  (Kg.  243),  the  flower  of  the  horsemint. 

The  plants  of  this  family  are  characterized  by  the 
presence  of  aromatic  volatile  oils,  and  a  large  number 
of  them  are  used  in  medicine.  Among  those  formerly 
oi&cial  may  be  cited  pennyroyal,  acullcap,  boneset,  melissa 
(Balm),  catnip,  thyme,  and  origanum. 

CARYOPHYLLUS— Clove 
(Caryoph. — Cloves) 

The  dried  flower-buds  of  Eugenia  aromatica  (Linn6)  O.  Kuntse 
Jambosa  Caryophyllus  (Sprengel)  Niedenzu  (Fam.  Myrtacea). 
without  the  presence  or  admixture  of  more  than  5  per  cent,  ot 
the  peduncles,  stems  and  other  foreign  matter. 

Constituents. — Volatile  oil,  tannin,  gum  resin,  fixed 
oil. 

Remarks. — Cloves  are  not  fruit  nor  seed,  as  is  com- 
monly believed,  but  are  flower-buds.  Sliced  lengthwise,  the  sample  is 
found  hollow  in  the  upper  parts,  where  will  be  found  the  stamens,  which  look 
like  dried  threads.  Cloves  are  used  as  a  spice,  and  are  largely  adulterated. 
For  instance,  whole  cloves  from  which  the  oil  has  been  distilled  have 
been  put  on  the  market.  These  are  detected  by  the  fact  that  such 
exhausted  cloves  float  horizontally  on  the  siurface  of  water,  while  the 
true  article,  containing  the  heavy  volatile  oil,  will  either  sink  or  float 
in  an  upright  position.  The  powder  is  adulterated  with  starchy 
material  or  with  mineral  substances,  which  impurities  can  be  detected 
by  the  fact  that  pure  powdered  cloves,  when  viewed  under  the  micro- 
scope, contain  few  or  no  starch-grains,  no  " stone-cells''  (as  does  ground 
cocoanut  shell,  another  adulterant),  and  yield,  on  burning,  no  more  than 
8  per  cent,  of  ash. 

Clove  is  used  in  the  following  official  preparations:  Compound 
tincture  of  lavender  and  arom^ic  tincture  of  rhubarb. 

Dose. — 260  milligrammes  (4  grains). 

OLEUM  CARYOPHYLLI— Oil  of  Clove 

(Ol.  Caryoph.— Clove  Oil— Oil  of  Cloves) 

A  volatile  oil  distilled  from  the  fiower-buds  of  Eugenia  Aromaiica  (linn^)  0. 
Kuntze  Jambosa  Caryophyllus  CSprengel)  Niedenzu  (Fam.  Myrtaceos),  and  yielding 

# 


Ilg.  243. — Horsemint 
flower. 
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not  less  than  82  per  cent,  by  volume  of  eugenol  [CioHisOi  »  164.10].     Preserve  it  in 
well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

Summarized  Descrivtion. 

Colorless,  or  pale  yellow  liquid,  darkens  and  thickens  on  age  and  on  exposure  to 
the  air;  characteristic  odor  and  taste;  soluble  in  2  volumes  of  70  per  cent,  alcohol; 
sp.  gr.  1.038  to  1.060;  optical  rotation,  not  more  than  —1^  10'  in  100-mm.  tube.  For 
details  see  U.S.P.,  p.  289. 

For  testa  for  ideniity,  for  irnpurUies:  Phenol  (aqueous  solution  not  colored  blue  or 
violet  with  ferric  chloride).    See  U.S. P.,  p.  289. 

OuUine  of  Assay. — The  oil  is  shaken  with  potassiiun  hydroxide  solution  in  a  cassia 
flask;  the  flask  is  filled  to  the  graduations  with  the  alkalme  solution  and  the  volume 
of  the  insoluble  portion  is  read.    For  details  see  U.S.P.,  p.  289. 

Composition. — Eugenol  (80  to  92  per  cent.);  a  number  of  alcohols 
(methyl,  methylamyl,  furfuryl,  benzyl,  etc.) ;  a  number  of  ketones  (ace- 
tone, methyl-amyl  ketone,  etc.);  several  aldehydes  (dimethyl-furyl-alde- 
hyde,  etc.);  esters  (methyl  salicylate,  etc.);  and  caryophyllene. 

Remarks. — The  assay  given  above  is  based  on  the  same  principle  as 
that  of  oil  of  thyme  (p.  743),  namely,  dissolving  of  the  phenol  in  alkaline 
solution  and  measuring  the  residual  liquid. 

Medical  Properties. — Stimulant.     Used  in  toothache. 

Dose. — 0.2  mil  (2  minims). 

ANISUM— Anise 

(Anis. — Aniseed) 

The  dried  ripe  fruit  of  PimpineUa  Anisum  Linn6  (Fam.  UmbellifercB)  without  the 
presence  or  admixture  of  more  than  3  per  cent,  of  foreign  seeds  and  other  vegetable 
matter. 

Consitibents — Volatile  oil,  fixed  oil,  carbohydrates,  proteins,  etc. 

Remarks. — The  pharmacopoeia  directs  that  anise,  when  tritiu'ated 
with  potassium  hydroxide  solution,  should  not  give  a  mouse-like  odor. 
This  test  is  to  distinguish  it  from  the  poisonous  conium  (p.  836),  which 
closely  resembles  anise  in  appearance. 

Medical  Properties. — Carminative,  stimulant,  flavor. 

Dose. — ^500  milligrammes  (8  grains). 

lUicium.  or  star  anise,  the  fruit  of  lUicium  verum^  was  official  in  the  pharmacopoeia 
of  1890,  and  is  here  mentioned  because  it  yields  an  oil  identical  with  that  from  anise. 

OLEUM  ANISI— Oil  of  Anise— Oil  of  Star  Anise 

(Ol.  Anisi. — Anise  Oil) 

A  volatile  oil  distilled  from  the  ripe  fruit  of  PimvineUa  Anisum  LinnS  (Fam. 
UmbeUifercB)  or  from  the  ripe  fruit  of  lUicium  verum  Hooker  fihus  (Fam.  Magnoliacece). 
The  botanical  source  from  which  it  is  derived  must  be  stated  on  the  label.  IF  solid 
material  has  separated,  carefully  warm  the  Oil  tmtil  liquefied,  and  thoroughly  mix  it 
before  dispensing.  Preserve  it  in  well-stoppered,  amber-colored  bottles,  protected 
from  light. 

Summarized  Descrivtion. 

Colorless  or  pale  yellow  strongly  refractive  liquid;  characteristic  odor  and  taste; 
soluble  in  3  volumes  of  90  per  cent,  alcohol;  sp.  gr.  0.978  to  0.988;  refractive  index, 
1.544  to  1.560;  congealing  point,  not  less  than  15^0.     For  details  see  U.S.P.,  p.  287. 

For  tests  for  identity,  for  impurities:  Oil  of  fennel  (oil  is  l»vorotary).  Phenols  (alco- 
holic solution  not  colored  blue  or  brown  by  ferric  chloride).  Heavy  metals  (hydro- 
gen sulphide  test  see  U.S.P.,  p.  287  and  also  Part  V  of  this  book. 

Composition.. — ^Anethol,  80  to  90  per  cent.;  methyl-chavicol,  both 
doHisO* 
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Remarks, — As  anethol  is  a  solid,  the  congealing  point  of  the  oil 
(15°C.)  is  a  criterion  of  value. 

Medical  Properties, — Carminative  and  flavor.  Used  in  making  anise 
water  (p.  174)  and  spirit  of  anise  (p.  180).  It  is  also  a  constituent  of 
paregoric  (p.  230). 

Dose.— 0.2  mil  (3  minims). 

CORIANDRUM— Coriander 

(Coriand. — Coriander  Seed) 

The  dried  ripe  fruits  of  Coriandrum  sativum  Liim4  (Fam.  UmhelXiJertB),  without 
the  presence  or  admixture  of  more  than  5  per  cent,  of  other  fruits,  seeds,  or  foreign 
matter. 

Constitnenls. — Volatile  oil,}^to}4  per  cent.;  fixed  oil,  etc. 
Medical  Properties, — Aromatic,  carminative. 
Dose. — 500  milligrammes  (8  grains). 

OLEXTM  CORIANDRI— Oil  of  Coriander 
(Ol.  Coriand, — Coriander  Oil) 

A  volatile  oil  distilled  from  the  ripe  fruit  of  Coriandrum  aativum  Linn^  (Fam.  (/m- 
beUifene),  Preserve  it  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  pro- 
tected from  light. 

Summarized  Description, 

Colorless  or  pale  yellow  liquid,  characteristic  odor  and  taste;  soluble  in  3  volumes 
of  70  per  cent,  alcohol;  sp.  gr.  0.863  to  0.875;  optical  rotation,  +8**  to  -hlS**  in  100- 
mm.  tube.     For  details  see  U.S.P.,  p.  291. 

Composition. — ^Pinene,  cymene  and  other  terpenes:  d-linalool,  geraniol, 
1-bomeol  and  their  acetic  esters;  decylic  alcohol. 

Medical  iVopcrties.— Carminative.  A  constituent  of  syrup  of  senna 
(p.  200). 

Dose. — 0.2  mil  (3  minims). 

FOBNICnLUM— Fennel 
(Foenic. — Fennel  Seed) 

The  dried,  ripe  fruits  of  cultivated  varieties  of  Fcmiculum  wlgare  MiUer  (Fam. 
Umbelliferce)f  without  the  presence  or  admixture  of  more  than  4  per  cent,  of  foreign 
matter. 

Constituents. — Volatile  oil,  2  to  4  per  cent. ;  fixed  oil,  etc. 
Medical  Properties. — ^Carminative,  stimulant.    A  constituent  of  com- 
pound infusion  of  senna  (p.  217). 
Dose. — 1  gramme  (15  grains). 

OLEUM  FOBNICULI— Oil  of  Fennel 
(Ol.  Foenic— Fennel  Oil) 

A  volatile  oil  distilled  from  the  ripe  fruit  collected  from  cultivated  varieties  of 
Fcmiculum  rndgare  Miller  (Fam.  UmbeUifertB),  If  wholly  or  partly  solidified,  care- 
fully warm  the  Oil  until  liquefied  and  thoroughly  mix  it  before  dispensing.  Preserve 
it  in  weUnstoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

Summarized  Description. 

Colorless  or  pale  yellow  liciuid;  characteristic  odor  and  taste;  soluble  in  8  volumes 
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of  80  per  cent,  alcohol  and  1  volume  of  90  per  cent,  alcohol;  sp.  gr.  0.953  to  0.973; 
optical  rotation,  +12°  to  +24°  in  lOO-mm.  tube.     For  details'see  U.S.P.,  p.  292. 

Congealing  Point. — ^At  least  3°C.  Details  as  given  under  Oil  of  Anise,  except  that 
oil  is  to  be  cmlled  to  — 0°C. 

ComposUum. — Anethol,  60  to  60  per  cent.;  fenchone,  a  ketone  having 
formiila  CioHwO;  pinene;  dipentene;  etc. 

Medical  Proper^fea.— Carminative.  Very  popular  among  German 
physicians  as  a  constituent  of  digestive  powders.  It  is  a  constituent 
of  compound  licorice  powder  (p.  293)  and  of  compound  spirit  of  juniper 
(p.  181). 

Dose. — 0.2  mil  (3  minims). 

CARXTM— Caraway 

(Caraway  Seed) 

The  dried  fruits  of  Carum  Carvi  Linn6  (Fam.  UmbeUifenB)*  Without  the  presence 
or  admixture  of  more  than  3  per  cent,  of  other  fruits,  seeds  or  foreign  matter. 
Preserve  Caraway  in  tightly  closed  containers,  adding  a  few  drops  of  chloroform  or 
carbon  tetrachloride,  from  time  to  time,  to  prevent  attack  by  insects. 

Constituents. — Volatile  oil,  6  per  cent.;  fixed  oil;  resin. 
Medical  Properties. — Carminative,  stimiilant,  flavor. 
Dose. — 1  gramme  (15  grains). 


OLEUM  CARI— Oil  of  Caraway 
(OL  Cari— Caraway  Oil) 

A  volatile  oil  distilled  from  the  fruit  of  Carum  Carvi  Lonn^  (Fam.  UmbeUifene), 
and  yielding  not  less  than  50  per  cent.,  by  volume,  of  carvone  [CioHuOs  150.11]. 
Preserve  it  m  well-stoppered,  amber-colored  bottles,  in  a  ^cool  place,  protected  from 
light. 

Summarized  Description. 

Colorless  or  pale  yellow  liquid;  characteristic  odor  and  taste;  soluble  in  8  volumes 
of  80  per  cent,  alcohol;  sp.  gr.  0.900  to  0.910;  optical  rotation,  -|-70°to  +80*' in 
100-mm.  tube.     For  details  see  U.S.P.,  p.  289. 

Outline  of  Assay. — Shake  the  oil  in  a  cassia  flask  with  a  care-  A 

fully  neutralized  saturated  solution  of  sodium  sulphite,  heat  mixture  ^ 

on  a  water-bath,  then  cool,  fill  the  flask  to  the  graduations  with  the 
sulphite  solution  and  read  the  volume  of  the  undissolved  oil. 

Composition. — Carvone,  60  to  60  per  cent. ;  dextrogyrate 
limonene;  etc. 

Remarks. — It  will  be  seen  above  that  the  pharmacopoeia 
gives  an  assay  of  the  carvone  content  of  this  oil.  This 
assay  is  based  upon  the  solubility  of  this  ketone  in  a  solu- 
tion of  sodium  sidphite;  that  chemical  forming  water-soluble 
compounds  with  aldehydes  and  ketones.  When  10  mils 
of  the  oil  is  warmed  with  the  sulphite  solution,  all  of  the 
carvone  is  dissolved  leaving  the  other  constituents  of  the  ^-  ^^y, 
oil  floating  on  top  as  an  insoluble  layer.     As  carvone  shoidd  **  ' 

constitute  50  per  cent,  of  the  bulk  of  the  oil,  the  insoluble  residue  from 
10  mils,  should  measure  not  more  than  5  mils.  The  operation  is  carried 
out  in  a  ccwsia  .^fc  (Fig.  244). 

The  same  method  is  employed  in  determining  the  cinnamic  aldehyde 
content  of  oil  of  cinnamon  (p.  745)  and  the  carvone  content  of  oil  of 
spearmint  (p.  748). 

Medical  Properties. — Carminative.  A  constituent  of  compound  spirit 
of  juniper  (p.  181). 

Dose. — 0.2  mil  (3  minims). 
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PETROSELINUM— Parsley  Fruit 
(PetroseL — ^Parsley  Seed) 

The  dried  ripe  fruit  of  Pelroselinum  sativum  Hoffman  (Fam.  VmodHiferrB),  without 
the  presence  or  admixture  of  more  than  5  per  cent,  of  foreign  seeds  or  other  matter. 
Preserve  Parsley  Fruit  carefully  in  tightly  closed  containers,  protected  from  light. 

Constituents. — ^Volatile  oil  (1.4  per  cent.);  fixed  oil  (22  per  cent.); 
pectin;  chlorophyll;  tannin;  apiol  (p.  722). 

Remarks. — This  drug  was  introduced  into  the  present  pharmacopceia, 
since  it  is  used  to  make  the  oleoresin. 
Medical  Properties, — Emmenagogue. 
•  Dose, — No  dose  is  given  in  the  pharmacopoeia,  since  the  oleoresin 
is  used  almost  exclusively.    The  fruit  can,  however,  be  administered  in 
15-grain  doses.  •  -        —  - 

Parsley  root  is  described  in  the  National  Formulary  and  a  recipe  for 
its  fluidextract  is  also  given  (p.  250). 

The  drugs  last  studied — anise,  fennel,  coriander,  caraway  and  parsley 
— are  representatives  of  the  Umbelliferse;  the  parsley  family,  whose 
flowers  are  arranged  on  stalks  which  radiate  like  rods  of  an  umbrella, 
as  shown  in  Fig.  2^b. 

Most  official  drugs  yielded  by  the  Umbelliferse  are 
fruit,  which  are,  unfortunately,  conamonly  called 
"seeds." 

A  fruit  can  vary  from  a  seed,  with  its  dry  ovary  wall, 
to  very  elaborate  fruit,  which  include  several  other 
organs  attached  to  the  ovary.  Thus,  when  we  examine 
an  apple,  we  find  three  distinct  layers — the  red  skin, 
the  white  meat,  and  the  papery  core  siurounding  the 
seed.  Of  these  layers,  only  the  core  represents  the 
Fig"  245.— inflorea-  ovary  Wall,  the  meat  and  skin  being  a  modification  of 
(Ichem^tic)!"^***^^'*  another  part  of  the  flower — ^the  green  calyx.    On  the 

other  hand,  an  acorn  likewise  represents  a  true  fruit, 
the  cup  being  a  cluster  of  leaves  at  the  base  of  the  ripened  ovary,  the 
latter  being  the  "  nut."  From  this  can  be  separated  the  outer  coat,  which 
represents  the  ovary  wall,  while  the  "kernel"  within,  with  its  shaggy 
coat,  represents  the  seed.  Similarly,  the  so-called  "seeds" — anise,  car- 
away,  coriander,  and  fennel — ^are  fruit  just  as  are  apples  and  acorns,  and, 
like  the  acorn,  the  ovary  wall  is  inconsiderable,  and  does  not  separate 
from  the  seed  of  its  own  free  will. 

Pimenta  (U.S.P.  VIII;  N.F.  IV),  or  allspice,  is  the  dried,  nearly  ripe  fruit  of 
Pimenta  officinalis  Lindley  (Fam.  MyrtacecB.)  It  contains  volatile  oil,  resin,  fixed  oil, 
chlorophyll  and  traces  of  alkaloid.  It  is  used  as  a  stomachic  and  carminative  in 
16-gram  doses. 

OLEUM  PIMENT.S— Ofl  of  Pimenta 
(Ol.  Piment — Pimento  Oil — Oil  of  Allspice) 

A  volatile  oil  distilled  from  the  fruit  of  Pimenta  officinalis  Lindley  (Fam.  MyrtaceoB), 
yielding  not  less  than  65  per  cent.,  by  volume,  of  eugenol  [C10H18O2 "» 164.10].  Fte- 
serve  it  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 
Summarized  Description, 

Colorless,  yellow  or  reddish  liquid,  darkens  on  age;  characteristic  odor  and  taste; 
soluble  in  1  volume  of  90  per  cent,  alcohol  and  in  2  volumes  of  70  per  cent,  alcohol^ 
sp.  gr.  1.018  to  1.048;  optical  rotation,  O''  to  —4''  in  lOO-mm.  tube.  For  details  see 
U.S.P.,  p.  290. 

Assay, — Like  that  of  oil  of  clove. 
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Conatitvents. — Eugenol,  sesquiterpenes,  etc. 
Medical  Properties, — Canninative  and  flavor. 
Dose, — 0.2  mil  (3  minims). 

CARDAMOMI  SEMEN— Cardamom  Seed 
(Cardam.  Sem. — Cardamommn,  U.S.P.  VIII) 

The  dried  seeds  of  EleUaria  Cardamomum  White  et  Maton  (Fam.  Zingiberacea), 
recently  removed  from  the  capsides. 

Constituents. — Volatile  oil,  fixed  oil,  starch,  etc.  The  volatile  oil  con- 
sists of  terpenes  (dipentene  and  terpene),  terpineol,  cineol,  terpinyl 
acetate. 

Remarks. — While  former  pharmacopoeias  recognized  the  entire  fruit 
of  cardamom,  including  the  pericarp  (or  ''hulls")  the  present  pharma- 
copoeia directs  the  use  of  seed  only.  Like  all  drugs  used  in  spices,  the 
commercial  powder  is  apt  to  be  adulterated  with  mineral  matter,  hence 
the  pharmacopoeia  directs  that  it  should  yield  not  more  than  4  per  cent, 
of  ash. 

Medical  Properties. — Carminative,  stomachic.  Official  preparations: 
The  tincture  (p.  225)  and  the  compound  tincture  (p.  225).  Also  used  in 
compound  tincture  of  gentian  (p.  227),  tincture  of  rhubarb  (p.  232),  and 
aromatic  powder  (p.  291). 

Dose. — 1  gramme  (15  grains). 

SABAL— Sabal 

(Saw  Palmetto  Berries) 

The  partially  dried,  n^  fruit  of  Serenoa  semUata  (Michaux)  Hooker  filius  (Fam. 
Palma).  Preserve  Sabal  in  tightly  closed  containers,  adding  a  few  drops  of  chloro- 
form or  carbon  tetrachloride,  from  time  to  time,  to  prevent  attack  by  insects. 

Constituents. — Volatile  oil  (only  from  fresh  fruit),  1.3  per  oent.;  fixed 
oil  (ethyl  ethers  of  caproic,  caprylic,  oleic,  and  other  acids),  about  1.6  per 
cent.;  sugar  (pentoses),  5.4  per  cent.  The  presence  of  an  alkaloid  is  a 
subject  of  dispute. 

The  so-called  "  volatile  oil  '*  is  merely  an  ethyl  ester  of  the  various 
fatty  acids  found  in  the  fruit.  It  is  noted  only  in  alcoholic  ^enicals  of 
the  drug. 

Remarks, — ^As  apparently  the  only  really  active  constituent  is  volatile 
oil,  the  use  of  the  partly  dried  fruit  seems  of  no  service.  Several  large 
manufacturers  prepare  the  fiuidextract  from  fresh  fruit. 

Medical  Properties. — Supposedly  tonic  and  stimulant,  especially  to 
the  reproductive  organs.  Reputation  chiefly  due  to  advertising  by 
nostrum  makers.    The  fluidextract  (p.  244)  is  official. 

Dose, — 1  gramme  (15  grains). 

AURANTII  AMARI  CORTEX— Bitter  Orange  Peel 

(Aurant  Amar.  Cort.) 

The  dried  rind  of  the  fruit  of  Citrus  AyrarUium  amara  Linn^  (Fam.  RidaceoB). 

Constituents. — Volatile  oil;  hesperidin;  an  acid,  C44H28O14;  resin;  ati- 
rantiamarin,  a  bitter  glucoside.    The  volatile  oil  is  chemically  identical 
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with  that  of  sweet  orange,  except  that  it  has  a  bitter  taste,  due  to  the 
aurantiamarin  it  contains.    This  oil  is  not  official. 

Medical  Properties. — Aromatic  bitter.  Official  preparations,  the 
tincture  (p.  223)  and  the  fluidextract  (p.  246),  in  compound  tincture 
of  cinchona  (p.  226)  and  compound  tincture  of  gentian  (p.  227). 

Doee. — 1  gramme  (15  grains). 

AURANTII  DULCIS  CORTEX— Sweet  Orange  Peel 

(Aurant  Dulc.  Cort) 

The  outer  rind  of  the  fresh,  ripe  fruit  of  CUraa  Auraniium  ainenna  Gallesio(Fain. 
RtUacecB), 

Conatiiuenls.  Volatile  oil;  hesperidin^  C22H26O1S1  a  glucoside  that  hy- 
drolyzes  to  hesperetin,  CieHuOe- 

Remarks. — Note  that  the  pharmacopoeia  directs  the  use  of  the  outer 
rind — that  is,  the  thin  yellow  layer  must  be  separated  from  the  thick 
white  layer  (the  zest).  This  is  important  in  making  pharmaceuticals, 
since  the  zest  contains  a  body  that  blackens  with  iron  salts,  and  the  same 
will  be  true  of  preparations  made  from  the  peel  not  freed  from  the  zest. 
It  is  used  in  tincture  of  sweet  orange  (p.  223). 

OLEXTM  AURANTn— OU  of  Orange 

(01.  Aurant. — Oleum  Aurantii  Corticis,  U.S.P.  VIII — Orange  OU — Oil  of 

Sweet  Orange) 

A  volatile  oil  obtained  by  expression  from  the  fresh  peel  of  sweet  orange,  Citrus 
AurarUium  sinensis  Gallesio  (Fam.  Rutacece),  and  its  varieties.  Preserve  it  in  small, 
well-stoppered,  amber-colored  bottles^  in  a  cool  place,  protected  from  light.  Oil  of 
Orange  naving  a  terebinthioate  odor  is  not  to  be  dispensed. 

Summarized  Description. 

Yellow  liquid;  characteristic  odor  and  taste;  sp.  gr.  0.842  to  0.846;  refractive  index, 
1.4728  to  1.4737;  optical  rotation,  not  less  than  +  94°  in  lOO-mm.  tube;  first  6  mils 
of  distillate  from  50  mils  of  oil  should  have  almost  the  same  refraction  and  rotation  as 
the  original  oil.     For  details  see  U.S. P.,  p.  287. 

Composition. — Dextrogyrate  limonene,  90  per  cent. ;  citralf  derivative 
of  anhydrogeraniol  (p.  732);  citronellal;  methyl  anthranilate  esters,  etc. 

Remarks. — As  already  mentioned  (p.  728),  the  reason  why  oil  of 
orange  and  of  lemon  become  terebinthinate  is  through  the  conversion 
of  their  limonene  into  dipentene.  This  change,  of  course,  ruins  the 
quality  of  the  oil,  and  it  is  poor  pharmacy  to  use  such  oils  in  prepara- 
tions. Of  the  several  schemes  suggested  to  prevent  this  decomposi- 
tion, the  best  is  the  adding  of  a  small  amount  of  glycerin — say,  half 
an  ounce  to  four  ounces  of  oil — and  keeping  bottle  inverted.  In  this 
way  the  mouth  of  the  bottle  is  "sealed"  with  a  layer  of  the  glycerin, 
which  prevents  access  of  air.  When  the  oil  is  to  be  used,  the  bottle 
is  placed  in  an  upright  position  for  a  few  minutes,  and  the  oil  decanted 
from  the  heavier  glycerin  layer.  This,  in  the  writer's  experience, 
proved  more  satisfactory  than  diluting  the  oil  with  alcohol.  Cotton- 
seed oil  or  olive  oil  may  be  substituted  for  glycerin  in  this  method.  The 
commercial  oil  is  likely  to  be  adulterated  with  oil  of  tiurpentine  or  with 
the  terpenes  obtained  from  oil  of  lemon,  after  preparation  of  terpeneless 
oO  (p.  729) .  The  polariscopic  and  refraction  readings  of  the  first  distilla- 
tion fraction  of  the  oil  outline  above  will  detect  these  sophistications. 
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Medical  Properties, — Flavor.  It  is  a  constituent  of  compound  spirit 
of  orange  (p.  180). 

Dose.— 0.2  mil  (3  minims). 

LIMONIS  CORTEX— Lemon  Peel 
(Limon.  Cort) 

The  outer  rind  of  the  fresh  ripe  fruit  of  CUru8  medica  lAmonum  (Riaso)  Hooker 
filius  (Fam.  RtUacea). 

Constituenis. — Volatile  oil;  hesperidin,  etc. 

Remarks. — It  will  be  noted  that  this  drug,  Uke  orange  peel,  is  the 
"outer  rind"  separated  from  the  zest  (p.  754). 

Medical  Properties. — Flavor.  Official  preparation,  tincture  of  lemon 
peel,  p.  229. 

OLEUM  LIMONIS— Oil  of  Lemon 
(Ol.  Limon — Lemon  Oil) 

A  volatile  oil  obtained  by  expression  from  the  fresh  peel  of  the  ripe  fruit  of  Citrus 
medica  Limonum  (Risso)  Hooker  filius  (Fam.  RtUacecB),  and  yielding  not  less  than  4 
per  cent,  of  the  aldehydes  from  Oil  of  Lemon  calculated  as  citral  [CioHisO  =  152.13]. 
Preserve  it  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from 
light.    Oil  of  Lemon  having  a  terebinthinate  odor  is  not  to  be  dispensed. 

Summarized  Description. 

Pale  yellow  or  greenish-yellow  liquid,  characteristic  odor  and  taste;  sp.  wr.  0.861 
to  0.855;  refractive  mdex,  1.4744  to  1.4755;  optical  rotation,  +67*'  to  +64^  in  100- 
mm.  tube;  first  part  of  distillate  (see  oil  of  orange)  should  have  almost  same  refrac- 
tion and  rotation  as  the  original  oil.    For  details  see  U.S.P.,  p.  294. 

Composition. — Dextrogyrate  limonene,  90  per  cent.;  phellandrene; 
a-pinene;  1-camphene,  terpinene;  sesquiterpenes;  citral  7  to  10  per  cent.; 
citronellal;  esters,  etc. 

Remarks. — It  will  be  noticed  that  while  it  is  claimed  that  oil  of  lemon 
contains  7  to  10  per  cent,  citral,  the  pharmacopoeia  demands  not  less 
than  4  per  cent.  The  pharmacopoeial  assay  will  be  considered  in  the 
chapter  on  Volumetric  Analysis. 

Medical  Properties. — Flavoring.  Used  in  aromatic  spirit  of  ammonia  y 
U.S. P.  (p.  457)  and  compound  spirit  of  orange,  U.S.P.  (p.  180).  Spirit 
of  lemon,  U.S.P.  1890,  has  been  replaced  by  tincture  of  lemon  peel. 

Dose. — Of  the  oil,  0.2  mil  (3  minims). 

OH  of  bergamot,  U.S.P.  1890,  is  obtained  by  expression  of  the  rind  of  the  bergamot 
orange;  the  fruit  of  Citrus  Beraamia.  Its  green  color  is  due  to  the  presence  of  copper 
from  its  container.    It  is  used  as  a  perfume. 

Oil  of  neroli,  U.S.P.  1890,  is  the  oil  obtained  by  distillation  of  orange  flowers,  and 
is  a  by-product  in  the  manufacture  of  orange  flower  water.    It  is  used  in  perfumery. 

It  wiU  be  noted  that  the  three  oils — orange,  lemon,  and  bergamot — 
are  obtained  by  expression  (as  already  described  on  p.  739)  of  the  rind 
of  closely  allied  fruits;  that  this  group  of  fruit — orange,  lemon,  lime, 
etc. — forms  a  subdivision  of  the  plant  family,  Rutacese. 

MYRISTICA— Myristica 
(Myrist. — Nutmeg) 

The  ripe  seeds  of  Myristica  fragrans  Houttuyn  (Fam.  MyristicacecB)^  deprived 
of  the  ariUi  ^jid  seed-coats.  Preserve  the  kernels  in  tightly  closed  containers,  add- 
ing SL  few  drops  of  carbon  tetrachloride  or  chloroform  from  time  to  time  to'prevent 
atX3.ck  by  insects.    Reject  broken  or  wormy  kernels. 
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Constituents. — Volatile  oil,  about  7  per  cent.;  fat,  about  25  per  cent.; 
starch,  etc.  Power  and  Salway  have  shown  that  the  fat,  called  ntUmeg 
buUer,  or  ail  of  mcxe,  and  obtained  by  expressing  nutmeg  between  hot 
plates,  contains  about  12.5  per  cent,  of  the  essential  oil;  about  73  per 
cent,  of  the  trimyristicin  (glyceryl  myristate)  and  small  amounts  of  other 
fatty  acids. 

Medical  Properties. — Stimidant,  stomachic,  flavor.  Used  in  cam- 
pound  tincture  of  lavender  (p.  229),  aromatic  tincture  of  rhvbarb  (p.  232), 
and  aromatic  powder  (p.  291). 

Dose. — 500  milligrammes  (8  grains). 


OLEXTM  MTRISTICS— Oil  of  Myristica 
(Ol.  Myrist — Myristica  Oil — Oil  of  Nutmeg) 

A  volatile  oil  distilled  from  the  kernel  of  the  ripe  seed  of  Myristica  fragrana  Houttujm 
(Fam.  MyrislicacecB).  Preserve  it  in  weUnstoppered,  amber-colored  bottles,  in  a  cool 
place,  protected  from  light. 

Summarized  Description. 

Colorless  or  pale  yellow  liquid;  characteristic  odor  and  taste;  soluble  in  1  volume  of 
alcohol  and  in  3  volumes  of  90  per  cent,  alcohol;  sp.  gr.  0.859  to  0.924;  optical  rotation. 
+12^  to  +30^  in  lOO-mm.  tube;  on  evaporation  not  more  than  2  per  cent,  of  residue 
is  left.    For  details  see  U.S.P.,  p.  297. 

Constituents. — Eugenol;  terpenes  (pinene,  camphene,  dipentene, etc.); 
alcohols  (linalool,  bomeol,  terpineol,  etc.);  myristicin;  acids  (myristic, 
formic,  acetic,  etc.). 

Composition. — Myristicin  has  the  graphic  formula: 


CJl, 


C4H7 

§>CH, 

OCH,. 


and  is  the  narcotic  constituent  of  nutmeg. 

Medical  Properties. — Flavor.  A  constituent  of  aromatic  spirit  0/ 
ammonia  (p.  454). 

Dose.— -^.2  mil  (3  minims) . 

Mads  (U.S.P.  1890;  N.F.  IV),  or  macCf  is  the  arilloid  of  the  nutmes.  It  yields 
a  volatUe  oil  practically  identical  with  that  of  nutmeg,  and,  like  it,  is  used  as  a  spice. 

An  ''arilloid,''  or  ''arillus,"  as  an  outi^wth  from  the  base  of  the  testa  or  seed- 
coat.  The  testa  of  different  seeds  vary  widely  in  appearance,  thus  the  testa  of  the 
almond  is  not  the  ''shell "  of  the  almond,  for  the  shell  is  the  inner  layer  of  the  ovary 
wall  and  is  a  part  of  the  fruit.  The  almond  testa  is  the  thin  brown  scurfy  coating 
which  can  be  removed  from  the  seed  by  soaking  in  warm  water. 

In  other  seeds  the  testa  is  hard  and  brittle.  Thiis  cocoanut  is  a  huge  seed,  and 
its  shell  a  testa.  In  myristica  the  testa  is  thin  and  brittle,  is  loose,  and  can  be  easily 
removed,  and  the  official  nutmeg  is  the  kernel  of  the  seed  freed  from  this  brittle  testa, 
while  mace  is  the  arilloid  which  branches  irre^pilarly  over  the  testa  of  the  unbroken 
seed.    Mace  is  given  as  a  carminative  in  8-grain  doses. 

DRUGS  CONTAINING  VOLATILE  OIL  AND  RESIN 

This  class  of  drugs  differs  from  the  volatile  oil  drugs  just  considered 
by  the  prominence  of  their  resin  content.  It  will  be  noted  that  most  of 
the  volatile  oil  drugs  just  considered  contained  resinous  matter,  but  these 
resins  were  either  insignificant  as  to  amoimt  or  indifferent  as  to  activity. 
On  the  other  hand,  the  drugs  now  to  be  considered  owe  their  activity 
as  much  to  the  resin  they  contain  as  to  their  volatile  oil,  and  it  wiU  be 


VOLATILE    OILS   AND   VOLATILE   OIL  DRUGS  767 

noted  that  all  the  drugs  furnishing  official  pharmaceutic  oleoresins  (p. 
253)  are  here  considered.  As  to  the  chemistry  of  the  resinous  ingredients 
of  this  class  of  drugs,  let  it  be  said  that  a  general  consideration  of  that 
little  understood  class  of  bodies — the  resins — is  reserved  for  a  special 
chapter  (Chapter  XLVIII),  which,  perhaps,  would  be  the  better  place 
to  consider  drugs  of  the  class  under  consideration.  However,  since  these 
drugs  are  most  prominently  characterized  by  their  odor,  and  this  is  largdy 
due  to  the  volatile  oil  they  contain,  it  is  well  to  consider  them  among  the 
volatile  oil  drugs.  It  might  be  stated  that  all  these  resinous  drugs 
should  be  extracted  with  stronger  alcohol. 


STILLINGIA— Stilli] 
(Stilling.— Queen's  Root) 

The  dried  roots  oi  StiUingia  syhalica  Linn6  (Fam.  EuphoHriacem).  Preserve 
Stillingia  in  tishtly  closed  containers,  adding  a  few  drops  of  chloroform  or  carbon 
tetrachloride,  from  time  to  time,  to  prevent  attack  by  insects. 

Consiiiuenis. — Volatile  oil;  resins;  siiUinginey  an  alkaloid,  fixed  oil;  etc. 

One  of  the  resins  is  the  combination  of  a  phvtosterol  with  fatty  acids  (acetic,  bu- 
tyric, valeric,  angelic,  oleic,  etc. ).  From  the  other  resin  was  isolated  a  phytosterolin, 
CstHMOci  vanillin,  umbellif eron,  vanillic  and  other  acids. 

Medical  Properties. — Nauseant,   emetic,  in  small  doses.     More  or 
less  laxative.    Fluidextract  official  (p.  244). 
Dose. — 2  grammes  (30  grains). 

SUMBUL—Sumbul 

(Musk-root) 

The  rhizome  and  roots  of  Ferula  SumbiU  CKaufFmann)  Hooker  filius  (Fam. 
UmbeUiferce), 

Consiiluents. — Two  balsamic  resins;  trace  volatile  oil;  a  glucoside  of 
umbelliferon,  etc. 

Medical  Properties. — Nerve  stimulant.  The  extract  (p.  280)  and 
the  fluidextract  (p.  244)  are  official. 

Dose. — 2  grammes  (30  grains). 

ASPmiUM— Aspiditun 

(Male  Fern) 

The  rhizome  and  stipes  of  Dryopteris  Filix^maa  (linn^)  Schott,  or  of  Dryopleria 
marginalis  (Linn4)  Asa  Gray  (Fam.  PolypodiacecB)^  collected  in  the  autiunn,  freed  from 
the  roots  and  dead  portions  of  rhizome  and  stipes  and  dried  at  a  temperature  not 
exceeding  70°C.  Preserve  Aspidium  in  tightly  closed  containers  and  protected  from 
light. 

ConstiiuerUs. — Volatile  oil;  fixed  oil;  resin;  filidc  acid  which  is  di- 
butjoyl-phloroglucin,  tanruispidic  .add;  pierUannic  acid;  felix  red,  etc. 
Tlie  volatile  oil  consists  of  the  hexyl  and  octyl  esters  of  the  fatty  acids 
(butyric,  etc.),  also  free  fatty  acids. 

jBemar*».— Characteristic  for  good  quality  of  this  drug  is  its  green 
color,  which  fades  as  the  drug  becomes  old  and  worthless,  hence  the 
pharmacist  should  use  only  such  samples  as  are  still  green. 
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Medical  Properties. — Tapeworm  expeller.     Used  almost  entirely  in 
the  form  of  the  oleoresiUj  U.S.P.  (p.  254). 
Dose, — Of  drug,  4  grammes  (60  grains). 

• 

ZINGIBER— Ginger 
(Zingib.) 

The  dried  rhizomes  of  Zingiber  officinale  Roscoe  (Fam.  Zingiberacem),  the  outer 
cortical  layers  of  which  are  often  either  partially  or  completely  removed.  Preserve 
it  in  tightly  closed  containers,  adding  a  few  drops  of  chloroform  or  carbon  tetrachlo- 
nde,  from  tune  to  time,  to  prevent  attack  by  insects. 

Consiituents, — Volatile  oil;  resin,  etc. 

The  volatile  oil  contains  sesquiterpenes,  terpenes,  citfal,  methyl-heptanone. 
nonylaldehyde,  linalool,  d-bomeol,  acetic  and  caprvlic  acid  esters,  chavicol,  cineol 
and  a  characteristic  alcohol  zing^>erol,  CisHiiOH.  The  resin  consists  of  three  distinct 
resins,  and  when  fused  with  sodium  hydroxide,  yields  protocatechuic  acid. 

Remarks. — The  best  quality  of  ginger  comes  from  Jamaica,  and  occurs 
in  handsome  lobed  pieces  coated  white  with  lime.  Preserved  ginger  is 
the  same  root  collected  in  the  spring  when  green  and  succulent  and  boiled 
with  syrup. 

Medical  Properties. — Carminative,  stimulant,  flavor.  Official  prepa- 
rations: Oleoresin  (p.  255),  tincture  (p.  234),  and  fluidextract  (p.  244). 
The  last  is  used  in  making  the  syrup.  Powdered  ginger  is  a  constituent 
of  aromatic  powder  (p.  291). 

Dose. — Of  drug,  1  gramme  (15  grains). 

Calamus  (U.S.P.  VIII),  or  9weetflag,  is  the  unpeeled,  dried  rhizome  of  Acotub  Caio' 
mus  Idjm6  (Fam.  Amcece).    It  contains  volatile  oil,  resiiK  ctcorinf  calamine  and  starch. 

The  ffolatHe  oil  consists  of  pinene,  a  sesquiterpene,  fatty  acids  (acetic,  heptylic, 
palmitic,  etc.),  eugenol,  asarone  and  asaryl  aldehyde,  and  calamus  camphor,  or  cala- 
meone,  CisHisOs^  which  has  a  structure  resembling  cineol. 

^  Acorin  is  a  bitter  ^ucoside  that  hydrolyzes  to  glucose  and  a  terpene  and  which 
oxidizes  to  acoretin. 

Calamus  is  used  as  a  carminative,  stimulant,  and  flavor.  The  whole  peeled  root 
is  used  for  teething  infants  to  chew  upon.    Dose,  15  grains. 

CIMICIFnGA— Cimicifttga 

(Cixnicif . — ^Black  Cohosh — ^Black  Snakeroot — Macrotys) 

The  dried  rhizome  and  roots  of  Cimidfuga  racemosa  (linn^)  Nuttall  (Fam. 
Ranunculace(B)f  without  admixtiire  of  more  than  2  per  cent,  of  stems  and  foreign 
matter. 

CcnsiiiuerUs. — Acids  (oleic,  palmitic,  isoferulaic,  etc.) ;  sugar;  tannin; 
phytosterols,  trace  of  alkaloid,  etc. 

Medical  Properties. — Tonic  and  "blood  purifier''  in  domestic  practice. 
Dose. — 1  gramme  (15  grains). 

SERPENTARIA— Serpentaria 
(Serpent. — Texas  Snakeroot — ^Virginia  Snakeroot) 

The  dried  rhizome  and  roots  of  Ariatolockia  Serpentaria  Linn6,  known  in  commerce 
as  Virginia  Snakeroot,  or  of  Ariatolochia  reticulata  Nuttall,  known  in  commerce  as 
Texas  Snakeroot  (Fam.  AriatolochiacecB).  without  the  presence  or  adinixture  of  more 
than  10  per  cent,  of  the  stems  or  other  foreign  matter. 
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Constituents. — Volatile  oil;  bitter  principle,  similar  to  quassin;  resin, 
^    aristolochine. 

The  volatile  oil  consists  chiefly  of  bomeol,  the  Texas  snakeroot  containing  also 
pinene. 

Remarks, — It  will  be  observed  that  oi&eial  serpentaria  is  derived 
from  two  different  plants,  the  drugs,  however,  being  practically  identical 
in  medicinal  action. 

Medical  Properties. — Popular  tonic  and  "blood  purifier."  The  drug 
is  a  constituent  of  compound  tincture  of  cinchona  (p.  226). 

Dose. — 1  gramme  (16  grains). 

XANTHOZTLUM— Zanfhoxylum 

(Xanthox.— Prickly  Ash  Bark) 

The  dried  bark  of  Xanihoxylum  americanum  Miller,  known  la  commerce  as  Northern 
Prickly  Ash  Bark,  or  Xanihoxylum  ClavorHerculia  Linn6,  known  in  commerce  as 
Southern  Prickly  Ash  Bark  (Fam.  RtUaceoe), 

Constituents. — Volatile  oil,  resin,  a  bitter  principle,  xanthoxylin;  ber- 
berin.  Xanthoxylin  from  northern  prickly  ash  is  C16H14O4,  while  that 
from  the  southern  is  Ci4Hi204. 

Remarks.-^As  in  the  case  of  serpentaria,  two  different  plants  yield 
official  prickly  ash.  The  constituents  of  the  two  barks  are  practically 
identical,  although  it  is  said  that  the  bitter  principle  (xanthoxylin)  from 
the  two  is  not  exactly  the  same. 

The  curious  name,  xanthoxylimi,  has  a  distinct  and  sensible  meaning,  and  the  best 
^way  in  which  to  present  the  matter  forcibly  is  to  mention  three  drugs  between  whose 
names  there  exists  a  similarity. 

These  are: 

Xanthoxylum,  from  the  Greek  **xaniho8"  yellow,  and  **xylon,**  wood,  or  yellow 
'wood, 

Erythroxylon,  from  the  Greek  "eryikroB."  red,  and  ^'xylan"  wood,  or  red  wood. 

Hsematoxylon,  from  the  Greek  ^^haima,  the  blood,  and  **xylon,"  wood,  or  blood 
wood. 

Medical  Properties. — Alterative,  diuretic,  sialagogue.  Administered 
as  fluidextrad  (p.  244). 

Dose. — 2  grammes  (30  grains) 

MEZEREUM— Mezereum 

(Mezereon) 

The  dried  bark  of  Daphne  Mezereum  linn^.  Daphne  Qnidium  Linn6,  or  of  Daphne 
Lia'ureola  linnd  (Fam.  Thymeieacea), 

ConstituerUs. — ^Acrid  resin;  wax;  daphnin;  starch,  gum,  acids,  etc. 
Oaphnin  is  a  glucoside  that  hydrolyzes  to  daphnetin. 

Medical  Properties. — Irritant,  sialagogue,  externally  as  a  rubefacient. 
The  drug  is  a  constituent  of  compound  fluidextrad  of  sarsapariUa  (p.  247). 

BSatico  (U.S. P.  VIII:  N.F.  IV)  represent  the  dried  leaves  of  Piper  angustifolium 
Ruiz  and  Pavon  (Fam.  Piperacem).    It  contains  volatile  oil,  resin,  tannin. 

T*he  volatile  oU  consists  of  terpenes,  sesquiterpenes,  cineol  and  phenol  ethers  (asarone, 
etc.>-  As  the  commercial  oil  is  distilled  from  leaves  of  different  species  of  Piper,  its 
composition  is  quite  variable.  Matico  is  used  as  a  vulnerary  and  styptic*  Its  dose, 
W'lien  taken  internally  is  60  grams. 
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ERIODICTYON— Eriodicyton 
(Eriodict. — Yerba  Santa) 

The  dried  leaves  of  Eriodidyon  calif omicum  (Hooker  and  Amott)  Greene  (Fam. 
HydrophyUaceoB)f  without  the  presence  or  admixture  of  more  than  5  per  cent,  of  sterna 
or  other  foreign  matter. 

ConstihterUs. — ^Resins,  'trace  of  volatile  oil,  tannin,  eriodictyol  (a 
phenol),  CisHisOe^  homo-eriodictyol  (a  phenol,  C]6Hi406  and  isomeric  with 
hesperetin),  3  per  cent. 

Medical  Properties. — Expectorant.  Chiefly  used  for  masking  taste 
of  quinine,  the  aromatic  elixir  of  yerba  santa,  N.F.  (p.  207),  and  the 
aromatic  syrup  of  yerba  santay  N.F.  (p.  202),  being  generally  employed 
for  this  purpose.  These  are  prepared  from  the  official  fluidextradt 
(p.  244). 

Dose. — 1  gramme  (16  grains). 

GRINDELIA^— Grindelia 
(Grindel.) 

The  dried  leaves  and  flowering  tops  of  Grinddia  camparum  Greene,  or  Grindelia 
atneifolia  Nuttidl,  or  Grindelia  aquatroaa  (Pursh)  Dunal  (Fam.  Campoiita),  without 
the  presence  or  admixture  of  more  than  10  per  cent,  of  stems  and  other  forei^  matter. 

Constituents, — ^Volatile  oil,  fatty  acids  (formic,  cerotic,  palmitic,  etc.) 
free  and  as  glyceryl  esters;  a  phytosterol,  melting  at  166^0.;  an  alcohol 
C17H28O8,  melting  at  256°;  a  phenol  C14H12O6,  melting  at  227°;  glucose, 
ti^nin,  etc. 

Medical  Properties. — Recommended  for  asthma.  The  official  flmdr- 
extract  (p.  244)  is  also  used  externally  as  a  lotion  in  the  eruption  caused 
by  poison  oak. 

Dose. — 2  grammes  (30  grains). 

Sabina  (U.S.P.  VIII),  or  savine,  is  composed  of  the  torn  of  Juniperus  8abinalAnn6 
(Fam.  ConifercB).  It  contains  volatile  oil,  and  resin.  The  natuial  order  Conifere, 
to  which  the  savine  tree  belongs,  is  commonly  caUed  the  pine  family  and  yields  many 
important  products,  as  turpentine  and  Canada  turpentine.  Savin  represents  leafy 
tops,  which  are  the  ends  of  the  branches,  hence  the  yoimgest  and  freshest  part  of  the 
trees.    It  is  used  as  an  emmenagogue  in  S-grain  doses. 

Oleum  Sabine  (U.S.P.  VIII),  or  oil  of  8<wine,  is  distilled  from  the  fresh  tops  of  savine. 
It  contains  aabinolj  CioHieO  (partly  as  acetic  acid  ester);  cadinene  and  possibly  some 
terpenes.    It  is  used  like  the  drug  in  1-minim  doses. 

CANNABIS— Cannabis 
(Canxiab. — Cannabis  Indica,  U.S.P. VIII.  Guaza,  Ganjah) 

The  dried  flowenUg  tops  of  the  pistillate  plants  of  Cannabis  saliva  Linn4,  or  of  the 
variety  indica  Lamarck  (Fam.  Moracece).  freed  from  the  thicker  stems  and  large  foliaj^e 
leaves  and  without  the  presence  or  aamixture  of  more  than  10  per  cent,  of  fruits 
or  other  foreign  matter.  Cannabis,  made  into  a  fluidextract  in  which  one  hundred 
mils  represent  one  hundred  grammes  of  the  drug  when  assayed  biologically,  produces 
incoordination  when  administered  to  dogs  in  a  dose  of  not  more  than  0.03  n^il  of 
fluidextract  per  kilogramme  of  body  weight. 

ConstUuerUs. — Volatile  oil;  resin;  bitter  substance;.  cannabinCf  an 
alkaloid. 

The  volatile  oil  is  said  by  Personne  to  contain  cannabene,  C^Hnf 
while  other  writers  claim  it  consists  of  sesquiterpenes.     The  resin  called 
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cannabin  is  a  mixture,  the  active  ingredient  of  which  is  a  red  oily  mixture 
called  cannabinoL 

Remarks, — It  is  of  interest  that  while  the  plant  yielding  this  drug 
is  identical  with  the  American  hemp,  the  latter  plant  is  of  little  value  in 

j-5!;  medicine,  since  it  contains  only  a  small  amount  of  resin.  Houghton, 
however,  claims  that  the  American  hemp  is  as  active  as  the  Indian  if 
only  properly  prepared.  Marshall  claims  that  the  deterioration  of  the 
drug  is  due  to  the  oxidization  of  cannabinol  and  that  such  deterioration 
can  be  prevented  by  keeping  the  drug  hermetically  sealed.. 
Medical  Properties. — Powerful  nervous  stimulant,  the  resinous   ex- 

'^^  ^;  tract  being  used  in  the  far  East  by  smoking,  under  the  name  of  hashish. 
The  extract,  U.S.P.  (p.  274),  is  largely  used  to  relieve  the  pain  of  corns, 
a  favorite  recipe  for  this  purpose  being  compound  salicylic  collodion^ 
N.F.  (p.  214).  The  tincture  (p.  224)  and  the  fluidextrad  (p.  244)  are  aiao 
official. 

Dose, — Of  drug,  60  milligrammes  (1  grain). 

CAPSICUM— Capsicum 
(Capsic. — Cayenne  Pepper — African  chillies) 

The  dried  n^  fruits  of  Capsicum  fnUescens  Lizm6  (Fam.  Solanaceoe)^  without  the 
presence  or  admixture  of  more  than  2  per  cent,  of  stems  and  calyxes  and  other  foreig^n 
matter. 

Constituents, — Volatile  oil  (trace) ;  resin ;  fat,  capsaicin.  The  oleoresin 
consists  of  two  oily  liquids,  capsidn  and  capsicol,  combined  with  capsai- 
cin and  fat.  Capsaicin  is  a  pungent  body,  having  the  formula  CsBIhOs. 
Most  analyses  of  red  pepper  have  been  made  with  the  fruit  of  Capsicum 
annuum. 

Remarks. — Capsicum  belongs  to  the  natural  order  Solanacese,  the 
same  family  of  plants  to  which  belongs  the  Irish  potato,  the  tomato,  and 
the  egg-plant;  as  well  as  the  poisonous  drugs,  stramonium,  belladonna, 
and  hyoscyamus.  The  official  fruit — the  pepper  pod — is  so  well  known 
that  extended  comment  is  unnecessary. 

Medical  Properties, — ^Stimulant,  rubefacient,  condiment.  The  tinc- 
ture (p.  225)  and  oleoresin  (p.  254)  are  official.  From  the  latter  the 
plaster  (p.  342)  is  prepared. 

Dose, — Of  drug,  60  milligrammes  (1  grain). 

PIPER— Pepper 

(Black  Pepper) 

The  dried,  unripe  fruit  of  Piper  nigrum  Linn^  (Fam.  Piperacecs)^  without  the 
presence  or  admixture  of  more  than  2  per  cent,  of  stems  or  other  foreign  matter. 

Oimstituenls, — Volatile  oil,  resin,  piperine  (p.  800),  chavidn.  The 
volatile  oil  contains  dipentene,  phellandrene  and  caryophyllene. 

Remarks, — Pepper  is  what  is  commonly  called  black  pepper,  red 
pepper  being  given  the  distinctive  name  capsicum.  Note  that  pepper 
is  the  unripe  fruit  of  Piper  nigrum,  the  berry  which  was  picked  before  fully 
rii>e  aj:id  shriveled  through  drying.  White  pepper  represents  the  same  fruit 
allowed  to  ripen,  after  which  the  fleshy  portion  is  removed  by  hand, 
leaving  only  the  seed,  with  a  trace  of  fruit  tissue  clinging  thereto. 
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Medical  Properties. — Irritant^   stimulant,   condiment.     Usually  ad- 
ministered in  tonic  pills  as  oleoresin  (p.  255). 
Dose. — 500  milligrammes  (8  grains). 

CUBEBA— Cubeb 

(Cubeb— Cubebs) 

The  dried,  full-grown,  unripe  fruits  of  Piper  Cubeha  Linn^  filius  (Fam.  PiperaoecB), 
without  the  presence  or  admixture  of  more  than  5  per  cent,  of  stems  and  other 
foreign  matter. 

ConMituerUa. — Volatile  oil  10  to  18  per  cent.;  resin;  cubebic  ticid; 
cubebin.    The  latter  is  apparently  a  derivative  of  piperonal. 

Remark8.-ThiB  drug  k  an  ui^pe  berry,  just  a^  iTpepper,  and  from 
a  closely  allied  plant,  both  plants  belonging  to  the  same  genus. 

Medical  Properties, — Urinary  disinfectant,  stimulant. 

Official  Preparations. — ^The  oil  and  oleoresin  (p.  254)  are  used  in  gonor- 
rhea mixtures,  while  the  lozenges  (p.  321)  made  from  the  oleoresin  are 
used  in  bronchitis.  The  ground  drug,  smoked  as  cigarettes,  has  enjoyed 
considerable  popularity  as  a  remedy  for  catarrhal  troubles. 

Dose. — 1  gramme  (15  grains). 

m 

OLEUM  CUBEBA— Oil  of  Cubeb 
(01.  Cubeb.— Cubeb  Oil) 

A  volatile  oil  distilled  from  the  unripe  fruit  of  Piper  Cvbeba  Linn6  filius  (Fam. 
Piperacece).  I^^eserve  it  in  well-«toppered,  amber-colored  bottles,  in  a  cool  place, 
protected  from  light. 

Summarized  Description. 

Colorless,  or  pale  green,  or  greenish-yellow  liquid;  characteristic  odor  and  taste; 
sp.  gr.  0.905  to  0.925;  optical  rotation  -20**  to  -40''  in  100-mm.  tube.  For  details 
see  U.S.P.,  p.  291. 

Composition. — ^1>vo  sesquiterpenes,  one  of  which  is  cadinene;  some 
terpenes  (pinene  and  dipentene),  etc.  Old  oil  contains  a  sesquiterpene 
alcohol,  C16H24HSO,  called  cubeb  camphor. 

Medical  Properties. — ^Used  largely  in  gonorrhea  mixtures. 

Dose. — 0.5  mil  (8  minims). 

HUMULUS— Hops 
(Humul.) 

The  carefully  dried  strobiles  of  Humvlua  Lupulue  Linn6  (Fam.  ilf oraceee)  bearing 
their  glandular  trichomes  and  without  the  presence  or  admixture  of  more  than  2  per 
cent,  of  stems,  leaves  and  other  foreign  matter.  Preserve  it  in  tightly  closed  con- 
tainers, protected  from  light. 

Constituents. — Volatile  oil;  resins;  humvlol  (a  crystalline  principle, 
C17H18O4);  nitrogenous  matter  (choline,  asparagine,  etc.)  tannin;  sugar, 
etc. 

The  resins  are  eombinations  of  oeryl  alcohol  and  phytoeterols  with  various  fatty 
acids.  The  volatile  oil  consists  of  a  sesquiterpene,  kumulenef  66  per  cent.,  some 
olefinic  terpenes,  oxygenated  products,  etc. 

Remarks. — Hops  are  strobiles  of  Humulus  Lupultts,  the  strobile 
being  the  chaffy,  scale-hke  form  in  which  the  flowers  of  hops  arrange 
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themselves.  They  are  somewhat  similar  to  the  pine-cone,  and  at  the 
base  of  each  scale  the  fruit  is  found — ^in  the  form  of  a  minute  nutlet. 
The  inner  surface  of  the  chaffy  scales  of  hops  are  found  covered  with 
hair-like  appendages  called  by  the  pharmacopoeia  ''glandular  trichomes/' 
and  these  trichomes,  shaken  from  the  dry  hops,  constitute  lupuUn,  which 
is  official.  The  medical  action  of  these  two  drugs  is,  therefore,  quite 
similar.    Hops  are  chiefly  used  in  the  manufacture  of  beer. 

Medical  Properties, — Tonic  and  hjrpnotic,  chiefly  in  domestic  prac- 
tice— ^hop-poultice,  etc. — as  in  medicine  the  more  active  lupulin  is 
preferred. 

Doee. — 2  grammes  (30  grains). 

Lupulinum  (U.S. P.  VIII:  N.F.  IV),  or  lupuHtiy  are  the  glandular  trichomes  sepa- 
rated from  the  strobiles  of  HumuLua  Lupulus  Linn4  (Fam.  Maracece).  Their  consti- 
tuentB  are  identical  with  those  of  hops  and  in  more  concentrated  form,  and  the  drug 
is  used  like  hops  in  8-grain  doses. 

DRUGS  CONTAINING  VOLATILE  OIL,  RESIN,  AND  BITTER  PRINCIPLE 

Drugs  of  this  class  closely  resemble  those  just  considered,  the  only 
difference  being  that  while  in  the  class  just  considered  the  aromatic 
feature  prevailed,  the  drugs  now  to  be  taken  are  bitter  rather  than 
aromatic.  The  bitter  principles  found  in  these  drugs  have  not  in  most 
cases  been  carefully  studied. 

PTRETHRUM— Pyrefhrum 
(Pyreth.— Pellitory  Root) 

The  dried  root  of  ArMqfdiLs  Pyrethrum  (Linn6)  De  CandoUe  (Fam.  CompotiUB). 
Preserve  Pyrethrum  in  tightly  closed  containers,  adding  a  few  drops  of  chloroform 
or  carbon  tetrachloride,  from  time  to  time,  to  prevent  attack  by  insects. 

Conaiiluents. — Acrid  resin;  fixed  oil;  much  inulin;  no  8ia.Tch;  pyreihrine 
(an  alkaloid). 

Remarks. — Pellitory  scarcely  belongs  in  this  class  of  drugs,  as  there 
is  no  mention  in  literature  as  to  its  containing  volatile  oil,  nor  is  it 
strikingly  bitter. 

Medical  Properties. — Sialagogue  and  irritant.  It  is  seldom  used, 
but  is  said  to  be  efficient  in  toothache.  The  tiruAure  (p.  231)  is  official. 
Dose. — Of  drug,  2  grammes  (30  grains). 

Cyprepedium  (TJ.S.P.  VIII;  N.F.  IV),  or  lady  divper  rooty  is  the  rhizome  and  roots 
of  several  species  of  Cyprepedium.  It  contains  volatile  oil,  resins,  volatile  acid  and 
bitter  glucoside,  and  is  used  as  an  antispasmodic  in  15-grain  doses. 

Salvia,  or  sa^,  is  the  dried  leaves  of  Sabria  offinnalie  Linn6  (Fam.  Labiaia),  Sage 
contains  volatile  oil.  tannin,  etc.  The  volatile  oil  consists  of  thtgone,  50  per  cent.; 
pinene^  cineol,  and  Domeol.  It  is  used  as  a  carminative,  astringent  and  flavor  in 
dO-sram  doses. 

Kujpatorium  (U.S.P.  VIII;  N.F.  I^,  commonly  called  boneaet  or  tfiorougkioort,  ia 
the  dried  leaves  and  flowering  tops  of  Eupatorium  perfoliaium  lmn6  (Fam.  CompoHta) . 
It  contains  volatile  oil,  and  a  bitter  principle  eupatorin.  It  is  used  as  a  bitter  stom- 
achic in  3(H;rain  doses. 

Marrubium  (U.S.P.  VIII),  or  horehound.  consists  of  the  dried  leaves  and  flowering 
tops  of  Marrubium  tnU^are  Linn6  (Fam.  LaJbiaJtm),  It  contains  volatile  oil,  resin,  mar" 
ruhiin  (a  bitter  principle  melting  at  160^C.),  which  is  the  lactone  of  marrvbic  acid, 

CtsHs8(^    QJnr   .    It  is  a  stimulant,  tonic,  popular  domestic  cough  remedy.     Dose. — 

30  grains. 

Anthemia  (U.S.P.  VIII),  or  Roman  chamomile,  is  the  dried  flower-heads  of  Afk^ 
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themis  ncbiUs  Ldnn^  (Fam.  ComposUa),  collected  from  cultivated  i>lant8.  This  drug, 
also  called  EnglUk  chamomile,  contains  volatile  oil,  anthemic  acid  and  a  glucoaide. 
Power  and  Browning  have  isolated  nine  other  constituents,  among  them  apigenin, 
CiftHioOs,  choline,  phytosterols  and  fatty  acids.  The  volatile  oil  consists  of  a  mixture 
of  the  esters  of  isobutyl,  am^rl,  and  hexyl  alcohols  with  butyric  and  angelic  acids. 
It  18  used  as  a  carminative,  stimulant,  emmenagogue,  in  3(X-grain  doses. 

MATRICARIA.— Matricaria 
(Matricar. — German  Chamomile — Wild  Chamomile) 

The  dried  flower-heads  of  Matricaria  ChamamiUa  Linn^  (Fam.  ComponUB),  without 
the  presence  or  admixture  of  more  than  5  per  cent,  of  stems  and  foreign  matter. 
I^eserve  it  in  tightly  closed  containers  and  guard  against  attack  by  insects. 

C(m9tUuent8» — Volatile  oil,  which  is  blue  in  color;  bitter  principle,  fat, 
wax,  resin  gum,  etc. 

Medical  Properties. — Like  anthemis. 
Dose, — 15  grammes  (4  drachms). 

Calendula  (U.S.P.  VIII;  N.F.  IV),  or  marigold,  represents  the  dried  ligulate  florets 
of  Calendula  officinalis  lann6  (Fam.  ComposikB). 

The  drug  contains  volatile  oil;  resin:  nxed  oil  but  no  tannin.  Calendula  belongs 
to  the  largest  of  all  plant  families,  the  Compositee.  or  sunflower  family.  The  type  of 
the  famUy  is  the  sunflower,  the  lar^  so-called  *  ^flower  ^  of  which  is  really  a  uurge 
collection  of  small  flowers  arranged  m  a  close  cluster  or  head.  An  examination  of 
the  sunflower  will  show  this:  the  black,  brush-like  disc  being  composed  of  florets  of 
one  sort  (the  tubular),  while  the  outer  row  is  composed  of  florets  with  a  large  vellow 
expansion  of  the  petal  on  one  side.  As  this  expansion  is  somewhat  strap-shaped,  such 
litUe  flowers  as  have  them  are  called  ligulate,  from  the  Latin  ligula,  a  strap.  Flower- 
heads,  like  the  simflower,  being  compounded  of  many  little  flowers,  are  grouped  into 
a  plant  f airily  called  the  Composite.  To  this  family  belong  the  two  chamomiles 
and  arnica,  and  an  examination  of  any  of  these  will  show  the  many  little  florets  that 
go  to  make  up  the  flower-head,  while  the  calendula  consists  of  the  ligulate  florets 
only. 

ARNICA— Arnica 
(Arnica. — AmicaFlowers) 

The  dried  flower-heads  of  Arnica  montana  Linn^  (Fam.  CompoeiUe). 

Constituents. — Volatile  oil;  resin;  amicin;  amidne. 
Medical  Properties. — Irritant  and  vulnerary.     Used  chiefly  externally 
in  the  form  of  the  oflicial  tincture  (p.  223). 
Dose. — Of  drug,  1  gramme  (15  grains). 

Arnica  root,  U.S.P.  1890,  contains  about  the  same  constituents  as  the  flowers 
and  is  used  for  the  same  purpose. 

OLEORESmS  AND  BALSAMS 

In  this  class  we  group  those  drugs  which  are  plant  exudations  and 
consist  of  a  mixture  of  volatile  oil  and  resin  {natural  oleoresins)  or  of  an 
oleoresin  containing  benzoic,  cinnamic,  and  other  aromatic  acids  {balsams). 
We  have  already  studied  (p.  252)  pharmaceutic  oleoresins,  those  bodies 
prepared  by  extracting  the  oil  and  resins  from  such  plant  drugs  as  we 
have  just  considered — e.g.,  capsicum,  cubeb,  etc. — ^by  percolation  with 
acetone,,  ether,  or  alcohol.  The  oleoresins  we  will  now  consider  are 
natural  exudations,  oozing  from  trunks  of  trees  through  natural  fissures 
or  artificial  incisions. 
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Terebinthina  (U.S.P.  VIII;  N.F.  IV)  or  turpentine  is  a  concrete  oleoresin  obtained 
from  Pinue  patustria  Miller,  and  from  other  species  of  Pinus  (Fam.  Pinaceot).  It 
contains  volatile  oil,  22.5  per  cent.;  resin,  70  per  cent,  (rosin,  U.S.P.).  This  substance 
is  familiarly  and  incorrectly  called  ''gum  turpentine/'  Already  it  has  been  mentioned 
that  the  modem  idea  of  a  |^um  is  a  siu>stance  soluble  in  water  and  insoluble  in  alcohol. 
As  turpentine  is  insoluble  m  water  and  soluble  in  alcohol,  it  is  clear  it  should  no  longer 
be  considered  among  the  ''gums." 

We  will  consider  rosin  in  the  chapter  devoted  to  Resinous  Bodies,  at  which  time 
its  chemistry  will  be  discussed.  Turpentine  is  a  stimulant  used  almost  entirely  as  a 
plaster  base. 

OLEUM  TEREBINTHINiE-OU  of  Turpentine 
(01.  Tereb.— Turpentine  Oil  "  Spirits  of  Turpentine") 

The  volatile  oil  distilled  with  water,  from  the  concrete  oleoresin  obtained  from 
Pinus  palusiris  Miller  or  from  other  species  of  Pinits  (Fam.  Pinacea),  Preserve  it  in 
well-closed  containers. 

Sutnmarized  Description, 

Colorless  liquid;  characteristic  odor  and  taste,  which  ^ws  stronger  on  aging; 
soluble  in  5  volumes  of  alcohol ;  sp.  gr.  0.860  to  0.870;  on  distillation,  90  per  cent,  of 
the  oil  passes  over  between  154®  and  170**C.     For  details  see  U.S.P..  p.  302. 

For  tests  for  identity^  for  impurities:  Fixed  oils  (evaporated  from  filter  paper 
without  leaving  a 'permanent  stam). 

Mineral  oil  (mixed  cautiously  with  fuming  sulphuric  acid  in  a  cassia  flask  and 
then  filled  with  sulphuric  acid  to  the  graduations  in  tne  neck,  not  more  than  1  per  cent. 
of  the  original  volume  of  oil  remains.)     See  U.  S.  P. 

Composition. — Chiefly  pinene.  The  American  oil  is  dextrogyrate, 
while  the  French  oil  is  levogyrate.  Otherwise  the  two  are  practically 
identical. 

Remarks. — This  represents  the  average  spirits  of  turpentine  of  com- 
merce. Note  that  the  presence  of  mineral  oil  is  detected  by  treatment 
with  fuming  sulphuric  acid.  This  chemical  destroys  most  of  the  oil 
of  turp>entine  whereas  mineral  oils  are  unaffected  by  such  vigorous  treat- 
ment.    Note  also  that  the  refractive  index  figures  in  the  pharmacopooial 

lieSl;* 

Medical  Properties. — Stimulant,  antiseptic,  urinary  disinfectant. 
The  pharmacopoeia  directs  that  for  internal  use  the  rectified  oil  should 
be  employed. 

OI^EUM  TEREBINTHINA  RECTIFICATUM— Rectified  CHI  of 

Turpentine 

(01.  Tereb.  Rect.— Rectified  Turpentine  Oil) 

Condensed  Recipe. 

Shake  oil  of  turpentine  with  solution  of  sodium  hydroxide  and  then  distil.  Collect 
about  three-fourths  of  the  original  oil  as  distillate,  separate  it  from  the  aqueous  dis- 
tillate,  dry  it  with  calcium  chloride  and  then  filter.  For  details  see  U.S J*.,  p.  303. 
Summarized  Description. 

Colorless  liquid;  sp.  gr.  0.856  to  0.865;  leaves  less  than  0.2  per  cent,  residue  on 
evaporation;  for  other  tests,  see  oil  of  turpentine. 

Remarks. — It  will  be  seen  that  this  represents  the  commercial  oil 
mixed  with  alkaU  and  redistilled,  and  it  is  thus  freed  from  resinous 
materials  which  are  present  in  the  crude  oil,  giving  it  a  disagreeable  odor 
and  taste. 

Medical  Properties. — That  of  the  crude  oil. 

Dose. — 0.3  mil  (5  minims). 
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OLEUM  Pmi  PnMILIONI&— Oil  of  Dwarf  Pinee  Nedles 

(Ol.  Pin.  Pumil.— Dwarf  Pine  Oil) 

A  volatile  oil  distilled  from  the  fresh  leaves  of  Pinus  maniana  Miller  (Pinua  Pumilio 
Haetike)  (Fam.  Pinaceas).  Preserve  it  in  well-stoppered  amber-colored  bottles,  in 
a  cool  place,  protected  from  light. 

Summarized  Description. 

Colorless,  or  faintly  yellowish  oil;  pleasantly  aromatic  odor;  bitter,  pungent  taste ; 
sp.  gr.  0.853  to  0.869;  none  of  it  distils  below  170''C.     For  details  see  U.S.P.,  p.  299. 

Remarks, — This  new  official  oil  represents  the  distillate  from  the  fresh 
leaves  of  the  dwarf  pine. 

Oleum  templinum  on  the  other  hand,  is  the  distillate  from  the  twigs 
and  the  cones  of  Pinus  pumilio;  while  pine  wood  oil  is  the  distillate  from 
the  ''light  wood"  of  Pinus  palustris.  Each  of  these  oils  are  obtained 
from  its  respective  source  by  distillation  with  steam.  The  first  two  are 
used  in  inhalers  and  vaporizers  in  catarrhal  troubles;  while  pine  wood 
oil  is  now  largely  used  as  a  solvent. 

Terebinthina  Canadensis  (U.S.P.  VIII)  or  balsam  of  fir  is  a.  liquid  oleoresin  ob- 
tained from  Abies  balsamea  (Linn^)  Miller  (Fam.  Con^eroB).  It  contains  volatile 
oil,  acid  resins,  and  indifferent  resins.  The  volalile  oil  is  chiefly  Isvogyrate  pinene. 
The  balsam  is  used  as  a  stimulant  and  for  mounting  microscopic  specimens,  the  object 
beine  embedded  in  a  har(L  transparent  varnish  after  standing. 

Terebinthina  Larids  N.F.  or  Venice  turpentine  is  the  oleoresin  from  LarixeurojooeOj 
the  larch,  a  tree  closely  related  to  the  pine.  The  product  sold  in  American  aruf- 
stores  for  "drawing  out"  splinters  saw  neither  Venice  nor  the  larch  tree,  but  is  maae 
by  dissolving  rosin  in  oil  ot  turpentine. 

PIX  LIQUTOA— Tar 
(Pix  Liq.— Pine  Tar) 

A  product  obtained  by  the  destructive  distillation  of  the  wood  of  Pinus  palustris 
Miller,  or  of  other  species  of  Pinus  (Fam.  Pinacece), 

Summarized  Descnption. 

Semi-liquid,  viscid,  brownish-black  non-crystalline  product;  empyreumatic  terebin- 
thinate  odor;  sharp  empyreumatic  taste;  miscible  with  alcohol,  ether,  chloroform, 
glacial  acetic  acid,  nxed  and  volatile  oils;  slightly  soluble  in  water,  the  solution  being 
yellowish  to  yellow-brown  in  color. 

Constituents — Volatile  oil,  U.  S.  P.;  pitch;  pyroligneous  acid  (p.  601). 

Remarks, — Tar  is  made  by  stacking  billets  of  pine  wood  on  the 
earth  into  a  conical  mound,  and  setting  fire  to  the  wood  after  covering 
with  plastered  earth.  Enough  air  is  admitted  through  holes  in  the 
earth  covering  to  permit  the  wood  to  smoulder,  and  a  hole  at  the  top 
of  the  mound  serves  as  a  chimney.  Before  stacking  the  wood,  radiating 
ditches  are  dug  on  the  ground  on  which  the  mound  is  to  be  built,  the 
ditches  running  into  a  circular  trench  surrounding  the  mound.  The  • 
smouldering  heat  decomposes  the  wood  into  smoke,  which  passes  off 
through  the  hole  in  the  top  of  the  mound;  tar,  which  runs  into  the  cir- 
cular trench  and  is  dipped  into  barrels;  and  charcoal,  which  is  sacked 
after  the  fire  is  extinguished  and  the  earth  covering  removed.  The 
process  has  already  been  touched  upon  on  pp.  83  and  W)l. 

Medical  Properties, — Stimulant  and  antiseptic.  Used  for  bronchial 
affections  as  the  official  syrup  (p.  198),  and  externally  as  the  official 
oinimeTd  (p.  334). 

Dose. — 500  milligrammes  (8  grains). 
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Glycerole  of  tar  (N.F.)  is  made  by  mixing  washed  tar  with  alcohol,  triturating  mix- 
ture with  magnesium  carbonate  and  water,  and  filtering.  It  contains  tixe  equivalent 
of  63  Gm.  tar  to  the  liter.  A  simpler  recipe,  consists  in  mixing  1  fluidounce  oil  of  tar 
with  2  fluidoanix;s  of  alcohol,  triturating  to  smooth  paste  with  6  drachms  magnesium 
carbonate,  adding  4  fiuidounces  glycerin  and  4  fiuidounoes  water,  macerating  several 
days,  and  then  filtering.     (See  p.  212). 

Liquor  picia  cUkalinis  (N.F.)  is  a  solution  of  pine  tar  in  potassiiun  hydroxide.  (See 
p.  191.) 

Coal  tar  is  a  side  product  in  the  manufacture  of  illuminatinK  gas  (p.  686).  It  is 
described  in  the  National  Formulary  under  the  title,  pix  lUhanthracis, 

Liquor  pieis  carbonis  (N.F.)  is  a  solution  of  coal  tar  in  alcohol,  quillaja  being  used 
to  facilitate  solution. 

OLEUM  PICIS  LIQUIDiB  RECTIFICATUM— Rectified  OU  of  Tar 

(OL  Pic.  Liq.  Rect— Rectified  Tar  Oil) 

A  volatile  oil  distilled  from  Tar. 

Summarized  Description. 

Thick,  dark-reddish-brown  liquid;  strong  empyreumatic  odor  and  taste;  soluble 
in  alcohol,  sp.  gr.  0.960  to  0.990.     For  details  see  U.S.P.,  p.  298.' 

Compo'dtion — A  vast  number  of  products  similar  to  those  obtained 
in  the  manufacture  of  crude  pyroligneous  acid,  such  as  toluene,  xylene, 
mesitylene,  phenol,  creosote,  naphthalene,  etc. 

Medical  Properties, — Stimulant  and  antiseptic. 

Dose. — 0.2  mil  (3  minims). 

OLEUM  CADINTTM— Oil  of  Cade 

(OL  Cadin. — Cade  Oil — Oil  of  Juniper  Tar — Oleum  Juniperi 

Empyreumaticum) 

An  empyreumatic  oil  obtained  by  the  dry  distillation  of  the  wood  of  Juniperus 
OxycedrueLinn^  (Fam.  Pinacece), 

Summarized  description. 

Dark-brown,  clear  thick  Uquid;  tarry  empyreumatic  odor;  faintly  aromatic,  bitter 
taste;  almost  insoluble  in  water;  partlv  soluble  in  sdcohol  and  in  petroleum  benzin: 
completely  soluble  in  ether,  amyl  alcohol,  chlorofonn,  glacial  acetic  acid  and  oil  oi 
turpentine;  sp.  gr.  0.980  to  1.055.    For  details  see  U.S.P.,  p.  288. 

For  tests  for  identity,  for  impurities:  Rosin  and  rosin  oil  (solution  in  petroleum 
l>enzin  not  turned  green  on  addition  of  copper  acetate  solution),  see  U.S.P. 

Composition. — Phenols,  resin,  large  amount  of  cadinene. 
Medical  Properties. — ^Like  tar,  chiefly  externally. 

COPAIBA— Copaiba 
(Copaib. — Balsam  of  Copaiba — Copaiva) 

An  oleoresin  derived  from  South  American  species  of  Copaiba  (Fam.  LeguminostB). 

;StsTnmarized  Description.  . 

Pale  yellow  or  brownish-yellow  viscid  liquid;  sometimes  slightly  fluorescent; 
peculiar  aromatic  odor ;  bitter,  acrid  taste;  insoluble  in  water;  partly  soluble  in  alcohol; 
soluble  with  some  opalescence  in  dehydrated  alcohol  and  carbon  disulphide;  entirely 
soluble  in  chloroform  and  ether ;  sp.  gr.  0.940  to  0.995 ;  acid  value,  28  to  95.  For  details 
see  U.S.P.,  p.  123. 

P'or  tests  for  ideniity  and  for  impurities:  Paraffin  and  fatty  oils  (resin  left  after 
3ijstiVL2Xioiiy  is  hard  and  brittle;  yield  not  less  than  36  per  cent.).  Gurjun  balsam 
(etGSLiri  distilled  volatile  oil  treated  with  acetic  acid  ana  sodium  nitrite  solution  and 
-tYieTk  layered  on  sulphuric  acid,  should  not  give  a  pink  upper  layer).  Paraffin  oils  (hot 
alcohouc  solution  on  standing  deposits  no  oil).  African  copaiba  (volatile  oil  distils 
s,l>ove  260**C.  and  is  levorotatory).    See  U.S.P.,  p.  123. 
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ConstUuerUB, — Volatile  oil  (80  per  cent,  in  best  quality),  resin  (p.  774.) 

Remarka. — Copaiba  has  been  largely  adulterated,  hence  lengthy  tests 
given  above.  For  making  mass  of  copaiba,  U.S.P.  1890,  samples  con- 
taining large  amounts  of  resin  should  be  employed,  such  as  the  Maracaibo 
copaiba,  which  contains  only  30  per  cent,  to  40  per  cent.  oil. 

Medical  Properties, — Urinary  antiseptic.  Popular  remedy  for  gonor- 
rhea, administered  in  emulsion.  The  National  Formulary  gives  recipes 
for  two  such  emulsions,  Lafayette  mixture  and  Chapman's  mixhure. 
(See  p.  268.) 

Dose. — 1  mil  (15  minims). 

Oleum  Copaito  (U.S.P.  VIII)  is  a  volatile  oil  distilled  from  copaiba.  It  contains 
sesquiterpenes  (or  and  /9  caryophyllenes,  cadinene,  etc.)  and  is  used  like  copaiba,  in 
8-minim  doses. 

OFFICAL  BALSABIS 

Balsams  are .  natural  products,  differing  from  oleoresins  only  in 
containing  benzoic  and  cinnamic  acids,  the  presence  of  which  give  the 
balsams  their  delightful  odor.  As  all  so-called  ''giuns"  are  not  true 
gums,  even  so  every  substance  termed  a  balsam  does  not  come  within 
the  pharmaceutic  meaning  of  that  term.  For  instance,  copaiba  is 
not  a  true  balsam,  since  it  contains  neither  benzoic  nor  dimamic  add. 
It  is  an  oleoresin  pure  and  simple. 

BALSAMUM  PBRUVIANUM— Balsam  of  Peru 
(Bals.  Peruv. — ^Peru  Balsam) 

A  balsam  obtained  from  Toluifera  Pereira  (Royle)  BalUon  (Fam.  Legwninata)' 

Summarized  Description, 

Viscid  dark-brown  liquid,  free  from  stringiness  or  stickiness;  transparent  reddish- 
brown  in  thin  layers;  agreeaole  vanilla-like  odor;  bitter  acrid  taste;  does  not  harden 
on  exposure  to  the  air;  soluble  in  alcohol,  chloroform  and  glacial  acetic  add  (sometimes 
with  slight  opalescence);  partly  soluble  in  ether  or  petroleum  benzin;  practicalhr 
insolublein  water;  sp.gr.  1.130  to  l.ieO;  acid  number,  56  to  84.  For  details  see  U.S.r. 
p.  70. 

For  tests  far  identity  and  for  impurities:  Fixed  oils  (gives  clear  fluid  with  hydrated 
chloral  solution). 

Turpentine  or  rosin  (residue  from  hot  petroleum  benzin  solution  not  turned  green 
or  blue  oy  nitric  acid).    See  U.  S.  P. 

Saponification  Number. — 235  to  238.     Details  in  Part  V. 

Constituents, — Volatile  oil  (called  cinnamein),  60  per  cent.;  resin,  30 
per  cent.,  benzoic  and  cinnamic  acids;  vanillin,  etc. 

The  voUUile  oil  consists  of  benzyl  alcohol,  benzylic  benzoate,  and  benzylic 
cinnamate. 

The  resin  yields  66  per  cent,  protocatechuic  acid,  on  fusing  with  potassium 
hydroxide^  and  is  an  ester  of  peru-resinol  with  cinnamic  and  benzoic  acids. 

Bemarks. — Of  the  tests  given  above,  reference  need  be  made  only 
to  the  cinnamein  assay,  which  concluded  with  estimation  of  its  saponifi- 
cation nmnber,  performed  like  the  assay  of  oil  of  peppermint  (p.  747). 
'^ Synthetic"  balsam  of  peru  is  now  found  in  the  German  market. 

Medical  Properties.— Stimulant,  antiseptic.    Chiefly  externally. 

Dose, — 1  gramme  (15  grains). 
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BALSAMUM  TOLUTANUM— Baisam  of  Tolu 

(Bals.  Tolu. — ^Tolu  Balsam.) 

A  balsam  obtained  from  Toluifera  Balsamum  Linn6  (Fam.  Legumino8(B). 

Sumtnarized  Description. 

Yellowish-brown  or  brown  plastic  solid;  brittle  when  old  or  dry  or  cold;  transparent 
in  thin  layers;  pleasant  aromatic  vanilla-like  odor;  mild  aromatic  taste,  nearly  insoluble 
in  water  and  m  petroleum  benzin;  soluble  in  alcohol,  chloroform  and  ether;  mostly 
soluble  in  solutions  of  fixed  alkalies.    For  details  see  U.S.P.,  p.  71. 

For  tests  for  iderdUyj  for  impurities:  Rosin  or  copaiba  (carbon  disulphide  extract 
redissolved  in  glacial  acetic  acid^  is  not  made  green  either  by  sulphuric  acid  nor  by 
copper  acetate  solution).    See  U.S.P. 

Saponification  Number. — 164  to  220.    Details  in  Part  V. 


ConstiluerUs — Volatile  oil;  two  resins;  benzoic  and  cinnamic  acids; 
esters  of  these  two  acids  with  benzyl  alcohol.  The  composition  of  vola- 
tile oil  not  known. 

Medical  Properties. — ^Flavor,  stimulant,  popularly  used  as  an  expec- 
torant in  the  form  of  the  official  syrup  (p.  200),  which  is  made  from  the 
official  tincture  (p.  233).  A  constituent  of  compound  tincture  of  benzoin 
(p.  224). 

Dose, — 1  gramme  (15  grains). 

STTRAX— Storaz 
(Liquid  Storaz) 

A  balsam  obtained  from  the  wood  and  inner  bark  of  Liquidambar  orientalis  Miller 
(Fam.  Hamamdidacea), 

Summarized  Description. 

Semi-liquid  grayish  sticky  opaque  mass,  depositing  on  standing  a  dark-brown 
stratum;  transparent  in  thin  layers;  characteristic  odor j  acrid  taste;  insoluble  in  water: 
soluble  in  1  volume  of  warm  alcohol;  mostly  soluble  in  ether,  acetone,  benzene  ana 
carbon  disulphide.     For  details  see  U.S.P.,  p.  417. 

For  tests  for  identity,  see  U.S.P. 

Add  Number. — 56  to  85.     Details  in  Part  V. 

Saponification  Number. — 170  to  230.     Details  in  Part  V. 

Constituents, — Volatile  oil;  resin;  benzoic  and  cinnamic  acids;  styra- 
cine  (cinnamate  of  oinnamyl)  and  other  esters;  vanillin;  dnnamene  (or 
styrol),  C6H5CH  =  CH2.     ^ 

The  volatile  oil  consists  of  cinnamene,  styrocamphene,  and  esters  of  cinnamic  acid. 

Remarks. — This  product,  while  quite  similar  to  the  ^^ sweet  gum*'  of 
the  southern  States,  is  not  identical  therewith,  the  latter  being  the 
exudation  of  Liquidambar  dyradjlua. 

Medical  Properties, — Similar  to  balsam  of  Peru.  A  constituent  of 
compound  tincture  of  benzoin  (p.  227). 

Dose. — 1  gramme  (15  grains). 
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213;  Peters,  Ap.  Zt.,  24,  1909,  537;  Oliviero,  Comp.  rend.,  117,  1893,  1096;  Haller, 
•  Coinp.  rend.,  103,  1886,  151. 

The  Viburnums,— (Botany)  Farwell,  Bull  Pharm.,  27,  1913,  65;  Sayre,  A.J.P., 
67,  1895,  387.  (Constituents)  Monroe,  A.J.P.,  18,  1846,  55;  Van  Allen,  A.J.P.,  52, 
1880.  439. 

Sassafras. — (History  and  constituents)  Procter,  A.J.P.,  38,  1866,  481.  (Constitu- 
ents) Remsch,  A.J.P.,  18,  1847,  159 

OU  of  5(M«ctfro«.— (Constituents)  Power  and  Kleber,  Ph.  Rev.,  14,  1896,  101. 

The  Cinnamofw.— (History)  Ruschenberger,  A.J.P.,  10,  1838,  32;  Anon.,  A.J.P., 
34,  1862,  434.     (Constituents)  Vauquelin,  JL  de  Ph.,  3,  1817,  433. 

oa  of  C(Mma.— (0>nstituents)  Dumas  and  Peligot,  A..  12,  1834.  24;  13.  1835,  76; 
14, 1835;  50;  Bertram  and  Kuersten,  Jl.  prakt.  Ch.,  51,  1895,  316:  Anon.,  Schimmel's 
Rep.,  Oct.,  1889, 19.  (Source)  Anon.,  Ph.  Jl.,  [3],  20, 1890, 749.  (Impurities)  HirBch- 
sohn.  Am.  Dr.,  21,  1892^  64. 

JSucalyptus, — (Constituents)  Cloes,  Jl.  deph.  et  ch.,  [4],  12,  1870,  201;  Atterberg, 
B.,  9,  1876,  316. 

Oa_rf  Eucalyptus.— {ConstitnentB)  Cloez,  A.,  154,  1870,  372;  Jahns,  B.,  17,  1884, 
2941 ;  Wallach  and  Gildemeister,  A.,  246,  1888,  283. 

Btxc^M.— (Constituents)  Jones,  A.J.P.,  51,  1879,  198;  Flttckiger,  Ph.  Jl.,  [31,  11, 
1880,  174  and  219;  Spica,  Ph.  Jl.,  16,  1885,  106;  Kondakow,  Jl.  prakt.  Ch.,  54,  1896, 
433;  Shimoyama,  Arch.  d.  Pharm.,  226,  1888,  403. 

Hedeoma. — (Constituents)  Kremers,  A.Ph.A.,  35,  1887,  546;  Hayne,  A.J.P.,  63, 
1891.  477. 

Ckl  of  Hedeoma. — ^Distillation)  Kremers  (above);  Bennett,  A.Ph.A.,  55L  1907, 
877.  (Constituents)  Kremers  (above);  Barrowcliffe,  Jl.  Ch.  Soc.,  91,  1907,  875; 
(]renoves8e,  A.Ph.A^  53,  1905,  751. 

Peppermint. — (Constituents)  Pereira,  Materia  Medica,  2,  1854,  446. 

Oil  of  Pcppcrmtn/.— (Constituents)  Power  and  Kleber.  Ph.  Rund,  12,  1894,  157. 

Spearmint. — (Constituents)  BBretra2Malena  Medica,  2,  1854.  444. 

oa  of  5peormin«.— (Constituents)  Fltickiger,  B.,  9,  1876,  473;  Trimble,  A.J.P., 
57,  1885,  484;  Schreiner  and  Kremers,  Ph.  Rev.,  14,  1896,  244;  Nelson,  C.A.,  6, 
1912,  1041. 

CZ(W0«.— (Constituents)  Bonastre,  Jl.  de  Ph.,  11,  1825,  103,  13,  1827, 464,  and  20, 
1834,  565;  Mylius,  Arch.  d.  Pharm.,  203,  1873,  392;  Swain,  A.Ph.A.,  36,  1888,  380. 

oa  of  C2o&e8.~(Con8tituents)  Bonastre  (see  above);  Wallach,  A.,  271,  1892,  287; 
Masson,  Comp.  rend.,  149,  1909,  630  and  795. 

Anise. — (Constituents)  Stem,  Zt.  angew.  ch.,  6,  1893, 137.  (Adulteration)  Anon., 
A.J.P.,  33,  1861,  408. 

Oil  of  Anise. — (Constituents)  Buchner,  Rep.  f.  Pharm.,  15,  1823,  63;  Landolph, 
A.Ph.A.,  24,  1876,  281;  Anon.,  Schimmel's  Rep.,  Oct.,  1895,  7. 

Coriander. — (Constituents)  Stem  (see  above). 

Oil  of  Coriander. — (Constituents)  Anon.,  Schimmel's  Rep.,  Oct.,  1909, 47.  (Phys- 
ical constants)  Grimme,  Ph.  Cent..  52,  1911.  667. 

Fennel. — (Constituents)  Stem  (see  above). 

oa  of  F«nneZ.— (Constituents)  Blanchet  and  Sell,  A.,  6,  1833,  287;  Wallach  and 
Hartmann,  A.,  259,  1890,  324  and  263.  1891,  129. 

Caraway. — (Constituents)  Trommsaorff,  A.,  4,  1832,  285. 


! 


"IT 


4> 


VOLATILE    OILS   AND   VOLATILE    OIL   DRUGS  771 

OH  of  Caratwiy.— (Constituents)  Wallach,  A.,  227,  1885,  291  and  277,  18»3,  107. 
Pimenta, — (Constituents)  Bonastre,  Jl.  de  Ph.,  11,  1826,  187  and  13,  1827,466. 
Oa  of  Pimento.— (Constituents)  Oeser,  A.,  131,  1864,  277. 
Cardanwm.— (Constituents)  Stem.  Zt.  anww.  ch.,  6,  1893.  137;  Weber.  A^  238, 
1887,  98;  Anon.,  Schimmel's  Rep.,  Oct.,  1897,  11.  (Properties)  Parry,  Ph.  Jl.,  63, 
1889.  106. 

SabcU, — (Constituents)  Schreiner,  Ph.  Rev.,  18,  1900,  217;  Sherman  and  Brigss, 
Pharm.  Arch.,  2,  1899,  101 ;  Mann,  Pharm.  Era,  49,  1916,  89. 

Bitter  Orange  Pe«Z.— (Constituents)  Tanret,  Ph.  Jl.,  16,  1886,  839;  Tiemann,  B., 
14,  1881,  970. 

Sweet  Orange  PeeL — (Constituents)  Lebreton,  Jl.  de  Ph.,  14,  1828,  377;  Helser, 
R,  9,  1876,  26;  Hoffmann,  B.,  9,  1876,  686. 

OH  of  Orange  PccZ.— (Constituents)  Wallach,  A.,  227,  1885,  289;  Semmler,  B.,  24, 
-  1891,  202;  Parry,  Ch.  and  Dr.,  56,  1900,  462;  Dowaard,  A.J.P.,  80,  1908,  474.  (Pres- 
.     ervation)  La  Wall,  A.Ph.A.,  58,  1910,  1121. 

Lemon  PeeL — (Constituents)  Cogswell,  A.  J.P..  26, 1854,  553 ;  Hoffmann  (see  above). 
Oil  of  Lemon. — (Manufacture)  Flttckiger,  Arch.  d.  Pharm.,  227, 1889, 1065.     (Con- 
stituents) Wallach,  A.,  227,  1885,  290;  Shsmmler,  B.,  24,  1891,  203:  Doebner,  B.,  27, 
1894,  352;  Anon.,  SchimmePs  Rep.,  Oct.,  1897,  26;  Umney  and  Swinton,  Ph.  Jl., 
61,  1898,  196  and  370;  Anon..  Schimmel's  Rep.,  Oct.,  1909,  62. 

Myrietica. — (Constituents)  Bonastre,  Jl.  de  Ph.,  9,  1823,  281;  Stem,  Zt.  angew. 
Ch.,  6.  1893,  137;  Power  and  Salway,  Jl.  Ch.  Soc.,  91,  1907,  2037.  93,  19^  1653. 

Oil  of  Myrietica. — (Constituents)  Power  and  Salway  (see  above);  Wallach,  A. 
252,  1889,  106. 

Myristicin. — (Structure)  Semmler,  B.,  24,  1891,  3818.  (Pharmacology)  Power 
and  Salway,  A.J.P.,  80,  1908.  563. 

iS^itttn^io.— (Constituents)  Saunders,  A.Ph.A.,  16,  1868,  460;  Harmanson,  A.J.P., 
54,  1882,  386;  Bichy,  A,J.P.,  57,  1885,  529. 

SumbuL — Reinsch  and  Buchner.  A.J.P.,  16,  1844,  119;  Reinsch  and  Riekher,  A., 
68,  1848,  341;  Heyl  and  Hart,  Jl.  Am.  Ch.  Soc.,  38,  1916,  432. 

il^ptdium.— (Constituents)  Bock,  A.J.P.,  24,  1852.  61;  Luck,  Ch.  Cent.,  22,  1851, 
657  and  676;  Grabowsky,  Ch.  Cent.,  38,  1867,  469;  Daccoma,  A.J.P.,  61,  1889,  144; 
Ehrenberg,  Arch.  d.  Pharm.2231,  1893,  345. 

(KtH^er.— (Constituents)  Thresh,  A.Ph.A^  28,  1880,  83,  31,  1883,  257  and  33, 
1885,  257,  Ph.  Jl.,  [3],  12,  1881,  243;  Gane.  Ph.  Jl.,  [3],  22.  1892,  802;  Bertram  and 
Walbaum.  Jl.  prakt.  Ch.,  49,  1894,  18;  Stenhouse  and  Groves,  A.Ph.A.,  26,  1878, 
193;  Brooks,  Jl.  Am.  Ch.  Soc.,  38,  1916.  430« 

CaZamti«.^(Constituents)  Griffith,  A.J.P.,  5,  1833,  265;  Faust,  Arch.  d.  Pharm., 
181,  1867,  214;  Thoms,  Arch.  d.  Pharm.,  224,  1886,  465;  Kurbatow,  A.,  173,  1874, 
4;  Thorns  and  Beckstrom,  B.,  34.  1901,  1021  and  35,  1902,  3187. 
Cimicifuga. — (Constituents)  Finnemore,  A.Ph.A.,  58,  1910,  195. 
SerperUaricL — (Constituents)  Serullas,  Jl.  de  Ph.,  6,  1820,  571;  Peacock,  A.J.P., 
63,  1891,  257;  Ferguson,  A.J.P.,  59.  1887,  481. 

Xan^^xyZum.— (Constituents)  Staples,  A.J.P.,  1,  1829,  163;  Griffith,  A.J.P.,  8, 

1836,  195;  Eberhardt,  A.J.P..  72,  1890,  231;  Gordin,  Jl.  Am.  Ch.  Soc.^  28,  1906,  1649. 

Mezereum, — (DeBcription)  Squire,  Ph.  Jl.,  1,  1842,  395.     (Constituents)  Gmelin 

and  B&r,  througn  Berzelius'  Tiait^  de  Chimie,   3,   1839,  116;   Zwenger,   A.,    115, 

I860,  1.         -  ^  , 

Malico, — (Description)  Dierbach,  A.,  20,  1836,  266.  (Constituents)  Hodges, 
A.J.P.,  18,  1847,  178;  Niegans,  A.J.P.,  18,  1847,  174;  Thoms,  Arch.  d.  Pharm.,  247, 

1909.  591. 

Yerha  iScwto.-— ((Constituents)  Mohr,  A.Ph.A.,  27,  1879.  736;  Power  and  Tutin, 
Proc.,  A.Ph.A.,  54,  1906,  352  and  Proc.  Ch.  Soc.  Lond.,  23,  1907,  133.  (Uses)  Hartz, 
Am-  fch-.,   15,  1886,  41;  Stevens,  A.Ph.A.,  36,  1888,  89. 

^rtniZio.— (Constituents)  Power  and  Tutin,  A.Ph.A.,  53,  1905,  193. 

Scunn. — (Constituents)  Needles,  A.J.P.,  13,  1841,  11. 

oa  of  iSTown.— (Composition)  Fromme,  B.,  31,  1898,  2025;  Wallach,  A.,  238,  1887, 
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"  Cannabie  /ndico.— (Description)   Anon.,    Ph.  Jl^  1,  1842,  489.    (Constituents) 

Schlesiger  Buchner's  Repert,  21.  1840,  190:  Smith,  Ph.  Jl.,  6,  1846,  171 ;  Personnes, 
Jl  de  pn.  et.  ch.,  31,  1857,  48:  Robiquet,  Jl.  de  ph.  et.  ch.,  31,  1857,  46;  Humphrey, 
Ph  Jl.,  68,  1902,  342;  Marshall,  A.Ph.A.,  51,  1903,  804;  Smith,  A.J.P.,  63,  1891,  38; 
Bombelon,  Am.  Dr.,  13,  1884,  132;  Valente,  B.,  13,  1880,  2431  and  14,  1881,  1717. 
(  \merican.  Cannabis)  Houghton  and  Hamilton.  A.Ph.A.,  55,  1907,  445.  (Deteriora- 
tion) MarshaU,  Dr.  Circ.,  53, 1909,  578.  (Hashisch)  Ball,  Therap.  Gaz.,  34, 1910, 777. 
Cai7rt"<n*w».— (Constituents)  Taylor,  A.J.P.,  29,  1857,  303;  Thresh,  Ph.  Jl.,  [3], 
7  1876,  21  and  259;  Pabst,  Arch.  d.  Pharm.,  230,  1892,  108;  Buchheim,  A.Ph.A.,  22, 
1874,  106. 
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Pepper.— (History) "  X-rayser,"  Ch.  and  Dr.,  84, 1914, 403.  (Constituents)  Poutel, 
Jl.  de  Ph.  ,7, 1821.  373;  Buchheim,  A.J.P.,  48.  1876,  467;  Eberhardt,  Arch.  d.  Pharm., 
225,  1887,  515;  Anon.,  Schimmers  Rep.,  Oct.,  1890,  49;  Eremers  and  Schreiner, 
Ph.  Arch.,  4,  1901,  61.     (White  pepper)  Parry,  79,  1911,  167. 

Cvbeh, — (Constituents)  Vauquelin,  Jl.  de  Ph.,  6,  1820,  309;  Monheims,  A.J.P., 
18,  1846,  168;  Schmidt,  A.J.P.,  42,  1870,  222;  Schulse,  Arch.  d.  Pharm.,  202,  1873, 
388;  Mameli.  C.  A.,  7,  1913,  1722. 

Oa  of  Cu6e6.— (Composition)  Wallach,  A.,  238,  1887,  78;  Oglialore,  B.,  8,  1875, 
1357.  (Cubeb  camphor)  Schmidt,  B.,  10,  1877,  188;  Schaer  and  Wyss,  Arch.  d. 
Pharm.,  206,  1875,  316. 

Eupatorium, — (Constituents)  Peterson,  A.J.P.,  23,  1851,  206;  Bickley,  A. J. P., 
26,  1854;  495;  Latin.  A.J.P.,  52,  1880,  392. 

Marrubium. — (Constituents)  McMaken,  A.J.P.,  17,  1845,  1;  Gordin,  Jl.  Am.  Ch. 
Soc,  30,  1908,  265. 

AfUhemis, — (Constituents)  Amerman,  A.J.P.,  61,  1889,  69;  Power  and  Brown- 
ing, Ch.  and  Dr.,  85,  1914,  376;  Fittig  and  Kopp,  B.,  9,  1876,  195  and  10,  1877,  53; 
Fettig  and  K6big,  A.,  195,  1879,  79. 

Afa/ncaria.— (Constituents)  Gerhardt,  Ph.  Jl.,  [2],  3,  1862,  429;  Herberger  and 
Damur,  A.,  8,  1833,  231;  Hartwich  and  Jama,  A.Ph.A.,  58,  1910,  302;  Henderson, 
Ph.  Jl.,  81,  1908.  683. 

Calendula, — (Constituents)  Geiger,  through  Berzelius'  Trait6  de  Chimie,  3, 
1839, 163;  Teelke,  A.J.P.,  63,  1891,  477. 

Hops. — (Constituents)  Power,  Tutin  and  Rogerson,  Jl.  Ch.  Soc.,  103,  1913,  1267; 
Chapman,  Jl.  Ch.  Soc,  67,  1895,  54  and  780,  83,  1903,  505  and  Ch.  and  Dr.,  84, 1914, 
980:  Semmler  and  May;er,  B.,  44,  1911;  2009. 

ryrethrum, — (Constituents)  Koehn,  A.J.P.,  1836,  175;  Schneegans,  A.Ph.A.,  45, 
1897,  736. 

Cyprepcditim.— (Constituents)  Blair,  A.J.P.,  38,  1866,  494;  Beshore,  A.J.P.,  59, 
1887.  395. 

Sage. — (Constituents)  lUsh,  through  Berzelius'  Traits  de  Chimie,  3,  1839,  147; 
Muir,  Ph.  Jl.,  [3],  7.  1876,  265;  Wallach,  A.,  227,  1885,  289,  252,  1889,  103  and  286, 
18id5.  93;  Anon.,  Schimmel's  Rep.,  Oct.,  1895,  42. 

Amioo.— (Constituents)  Walz,  A.J.P.,  33. 1861, 450;  Bomer,  A.Ph.A.,  41, 1893, 637. 

Turpentine. — (Gathering)  Herty,  U.  S.  Dept.  Agr.  Forest  Service,  Bull.  No.  90. 
(Constituents)  Kremers,  Ph.  Rund.,  13,  1895,  135.  (Foreign  turpentines)  Tschirch 
and  students,  A.Ph.A.,  49.  1901,  744. 

OH  of  Turpentine. — (Composition)  Kremers.  Ph.  Rund.,  13,  1895,  135;  De  Voy, 
Ch.  Cent.,  74.  1867,  304.     (Purification)  Szigethy,  A.Ph.A.,  45,  1897,  638. 

Pine  Needle  Oil  and  Oleum  rcmpitnum.— Morel,  Ph.  Jl.,  [31,  8,  1877,  726;  Anon., 
Schimmers  Rep.,  April,  1909,  79,  and  April,  1910,  91 ;  Ludy,  A.Ph. A.,  66,  1908,  336. 

Pine  Wood  OiZ.— Teeple,  Jl.  Am.  Ch.  Soc,  30.  1908,  412. 

Canada  Turpentine. — (Constituents)  Morel,  rh.  JL,  [3],  8,  1877,  22;  Emmerich, 
A.J.P.,  67,  1895,  135;  Tschirch  and  Bruning,  Arch.  d.  Pharm.,  238,  1900,  487. 

Venice  Turpentine.— (Constituents)  Morel,  Ph.  Jl.,  [3],  8,  1877,  21;  Andes,  C.  A-, 
6,  1912,  2853. 

Tar. — (Preparation  and  properties)  Dunwody,  A.J.P.,  61,  1889,  600.  (Constitu- 
ents, P.  sylvestris)  Stroem/PArch.  d.  Pharm..  237,  1899,  525. 

Birch  ror.— -(Constituents)  Hlasiwetz,  A.,  106,  1858,  339;  Gorup-Besanes,  A., 
143,  1867,  129;  Tiemann  and  Koppe,  B.,  14,  1881,  2005. 

Glycerite  of  Tar.— Wiegand,  A.J.P.;  56,  1881.  8. 

Liquor  Picis  Carbonis. — ^Raubenheimer,  A.Pn.A.,  57,  1909,  131. 

Oil  of  Tar. — (CJom position)  Stroem  (see  above). 

Oil  of  Cade.— (Preparation)  Planchon,  Schw.  Wsch.  Ch.  u  Ph.,  50,  1912,  166. 
(Composition)  Troeger  and  Feldmann,  Arch.  d.  Pharm.,  236,  1898,  692;  Wallach,  A., 
238,  1881,  82  and  271,  1892,  297. 

•Copaifea.— (Constituents)  Procter,  A.J.P.,  22,  1850,  289;  Maisch,  A.J.P.,  35, 
1863,  17;  Strauss,  A.,  148,  1868,  148.  (Tests)  Deussen,  Arch.  d.  Pharm.,  252,  1914, 
690. 

Oil  of  Copaiba. — (Composition)  Deussen  and  Hahn,  Ch.  Zt.,  34, 1910,  872;  Anon., 
Schimmel's  Rep.,  Oct.,  1910,  185. 

Balsam  of  Peru.— (Constituents)  Trog,  Arch.  d.  Pharm.,  232,  1894,  70;  Thorns, 
A.Ph.A.,  48,  1900,  649;  Kraut.  A.,  153,  1870,  129;  Kaehler,  B.,  2,  1869,  512.  (Syn- 
thetic" balsam)  Anon..  A.Ph.A.,  56.  1908,  238. 

Balsam  of  Tolu. — (Constituents)  Kopp,  Jl.  de  ph.  et  ch.,  11,  1847,  426;  Schorling, 
A.,  97,  1856,  71;  Busse,  B.,  9,  1876,  833. 

•  Atarax.— (Constituents)  Bonastre,  A.J.P.,  4,  1832,  210;  Schorling,  A-,  97,  1866, 
90;  Miller,  A.,  188,  1877,  184;  Laubenheimer,  A.,  164,  1872,  289;  Van't  Ho£f,  B^  % 
1876,  6. 
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CHAPTER  XLVIII 

RESINS  AND  NEUTRAL  PRINCIPLES 

This  chapter  deals  with  plant  principles,  of  which  less  is  known 
than  any  other  group  of  chemical  substances — ^in  truth,  the  only  reason 
why  these  bodies  are  grouped  into  this  chapter  is  because  they  have 
not  been  sufficiently  studied  to  know  to  what  classes  of  chemicals  they 
belong,  and  as  its  composition  is  worked  out,  each  body  will  be  placed 
in  its  appropriate  position  in  systematic  chemistry,  leaving  nothing  for 
discussion  in  this  chapter. 

This  work  is  already  begun.  It  is  now  known  that  resin  of  jalap 
owes  its  activity  to  the  glucoside,  convolvulin;  while  resin  of  scammony 
is  active  because  of  its  glucoside,  scammonin;  therefore,  these  two 
so-called  resins  are  considered  among  the  glucosidal  drugs. 

The  phrase  "resin  acid"  is  here  used  in  the  attempt  to  classify  the 
important  constituent  found  in  the  several  plant  products  which  we 
call  resins.  These  bodies  are  best  defined  as  plant  substances  soluble 
in  alcohol,  insoluble  in  water,  and  dissolving  in  alkalis  to  form  "resin 
soaps."  Hence  they  are  acid  in  character.  Whether  all  the  resins  con- 
sidered in  this  chapter  will  on  investigation  comply  with  this  definition 
remains  to  be  seen,  and  let  it  be  distinctly  understood  that  practically 
all  resins  are  far  more  complex  than  the  above  definition  implies. 

Tschlrch  has  attempted  a  classification  of  resins  as  follows: 
Resin  Esters  or  Their  Saponification  Products:     (Resines.) 
These  esters  are  combinations  of  aromatic  acids,  such  as  benzoic,  cinnamic, 

and  ferulic  acids,  with  resin  alcohols  (resinoles). 
The  resin  alcohols  can  be  grouped  into  two  classes,  according  as  they  do  or  do 
not  give  the  tannin  reaction,  the  latter  class  being  called  resm-tannols. 
Among  the  tannin-free  resinols  may  be  mentioned  storesin  in  storax;  while 
as  examples  of  resin  tannols  may  be  cited  toluresin  tannol  in  balsam  of  tolu. 
Resinojt  Acids: 
Resin  acids,  such  as  abietinic  acid  in  rosin,  guaiaconic  acid  in  guaiac,  and 
copaivic  acid  in  copaiba. 
Resenes: 

Indifferent  substances  of  unknown  composition,  such  as  dracoresene  in  dragon's 

blood. 

Aliphato-resins  (esters  of  aliphatic  acids),  chromo'resins  (containing  coloring  matter) ; 

enzumo-resins  (containing  enzymes  such  as  laccase) :  (jflucoresiru  (esters  of  resin  acids 

with  sugars,  such  as  the  glucosides  found  in  Jalap)  are  known;  while  the  so-called 

"milk  juices"  (india  rubber,  ete.)  are  now  considered  as  lacto-resins. 

Resins  are  sometimes  extracted  from  drugs  by  means  of  solvents 
(example:  the  resin  from  Phytolacca);  sometimes  represent  practically 
entire  plant  exudation  (example:  mastic);  frequently  exude  from  plants 
combined  with  volatile  oils,  then  forming  the  class  of  drugs  called 
oleoresins  (example:  turpentine,  U.S.P.);  and  often  exuding  mixed  with 
gummy  substances,  such  as  exudation  being  called  a  gumrresin  (example: 
asafetida).  Occasionally j  the  resin  which  exudes  is  aromatic  by  reason 
of  the  benzoic  and  cinnamic  acid  it  contains,  the  example  of  such  a 
balsamic  resin  being  benzoin  (p.  776),  while  natural  oleoresin  similarly 
flavored  with  benzoic  and  cinnamic  acid  is  called  a  balsam  (example: 
balsam  of  tolu  (p.  769).  The  last  two  classes  of  drugs  as  well  as  the 
oleoresins  were  discussed  in  the  preceding  chapter.  It  is  advisable 
right  here  again  to  call  attention  to  the  distinction  between  natural  and 
pharmaceutic  oleoresins,  already  discussed  on  p.  253. 
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Neutral  principles  are  plant  principles  of  whose  structural  chemistry 
— of  whose  position  in  systematic  chemistry — we  know  little  or  nothing. 
They  are  usually  bitter  and  crystalline,  are  neither  basic  hke  alkaloids 
nor  derivatives  of  glucose,  as  are  the  glucosides.  That  the  grouping  is 
purely  artificial  and  temporary  is  shown  by  the  fact  that  the  most 
carefully  studied  neutral  principle,  santonin,  is  now  known  to  be  a  lactone 
derived  from  hexahydrodimethyl-naphthalin  and  will  soon  be  considered 
in  text-books  among  the  naphthalin  derivatives,  even  as  coumarin,  a 
lactone  of  oxycinnamic  acid,  is  studied  among  the  derivatives  of  allyl- 
benzene  (p.  721). 

RESINS,  GUM-RESINS,  AND  DRUGS  CONTAINING  NEUTRAL  PRINC3FLES 

GUAIACUM— Guaiac 
(Guaiac. — Guaiac  Resin) 

The  resin  of  the  wood  of  Guaiacum  officinale  Linn^,  or  of  Guaiacum  sofMium  liim^ 
(Fam.  ZygopkyUaoMB), 

Summarized  Description. 

Irregular,  homogeneous  masses;  brown  to  greenish-^ray-brown;  balsamic  odor, 
acrid  taste;  melts  between  85**  and  90**;  readily  soluble  in  alcohol,  ether,  chloroform, 
creosote,  in  solutions  of  alkalies  and  of  hydrated  chloral.  For  details  see  U.S.  P., 
p.  211. 

For  tests  for  identity ^  for  impuriiies:  Rosin  (petroleimi  benzene  solution  not  turned 
green  by  cupric  solution)  see  U.S.P. 

ConstituerUs.—Gitaiaconic  add,  (now  said  to  be  a  mixture),  giuiiaretic 
add,  C20H21O4,  quaiacinic  add(oT  beta-resin)  vanillin,  volatile  oil,  etc. 

Tschirch  inclines  to  the  belief  that  these  so-called  "acids"  are  resin 
alcohols. 

Remarks, — The  alcoholic  solution  is  characterized  by  turning  blue 
in  the  presence  of  oxidizing  agents,  such  as  ferric  chloride  (U.S.P.  test). 

By  reason  of  this  property  filter-paper  steeped  in  tincture  of  guaiac 
is  used  as  a  test-paper  for  ozone  and  for  blood,  the  hematin  of  the  latter 
as  the  oxidizing  agent. 

Medical  Properties, — Alterative  in  syphilis  and  rheumatism.  The 
tincture  (p.  227)  and  the  ammoniated  tincture  (p.  227)  are  official. 

Dose. — Of  drug,  1  gramme  (15  grains). 

Guaiacum  Lignum  (U.S.P.  1890;  N.F.  IV)  or  fftuiiac  wood,  the  wood  from  which 
the  above  resin  is  derived.  It  owes  its  properties  almost  entirely  to  the  resin,  although 
it  is  said  to  also  contain  a  saponin. 

Masticfae  (U.S.P.  VIII;  N.F.  IV)  or  mastic  is  a  concrete  resinous  exudation  from 
Pisticia  LerUiscus  Linn^  (Fam.  Anacardiacece). 

Mastic  contains  maslicic  acids  (two  isomeres,  CtsHs604) ;  masticonic  a^cids  (two  iso- 
meres,  C82H48O4);  masticolic  acidf  C2»Hs604;  mastico^esenes  (the  "beta"  variety 
formerly  called  masticin) ;  volatile  oil  2  per  cent.  It  is  used  as  a  carminative  (dose, 
30  grains)  and  is  a  constituent  of  piZ^  of  aloes  and  mastic,  N.F. 

Bur^^undy  pitch  is  no  longer  omciaL  having  been  dropped  in  the  last  revision.  It 
is  a  resm  prepared  from  a  species  of  tir,  and  is  used  in  medicine  exclusively  for  the 
preparation  01  plasters. 

Resin  of  copaiba  (U.S.P.  1890),  while  considered  as  a  pharmaceutic 
on  p.  283,  is  worthy  of  a  few  lines  devoted  to  its  chemistry.  It  is  the 
residue  left  on  distillation  of  official  copaiba,  and  consists  largely  of  a 
solid  acid — ^in  this  case,  copaivic  add.  As  mentioned  on  p.  305,  this 
acid  combines  with  moist  magnesium  oxide  to  form  a  salt,  and  to  this 
action  is  due  the  solidification  of  oleoresin  in  making  mass  of  copaiba* 
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RESINA— Rosin 
(ResixL — Colophony) 

The  residue  left  after  distilling  the  volatile  oil  from  the  concrete  oleoresin  obtained 
from  Pinua  palttstris  Miller  and  from  other  species  of  Pinus  (Fam.  Pinacecs). 

Summarized  Description. 

Sharp,  angular,  translucent,  amber-colored  fragments;  brittle  at  ordinary  tempera- 
tures; terebinthinate  odor  and  taste;  freely  soluble  in  alcohol,  ether,  benzene,  gmcial 
acetic  acid,  fixed  and  volatile  oils  and  in  diluted  alkaline  hydroxide  solutions;  sp.  gr. 
1.07  to  1.09.     For  details  see  U.S.P.  p.  367. 

Add  Number, — Not  less  than  150.     Details  in  Part  V. 

Constituents. — Chiefly  abieiic  acid  anhydride.  Abiotic  acid,  Ci9H280a, 
is  obtained  by  digesting  rosin  with  70  per  cent,  alcohol,  freeing  the  so- 
lution of  impurities  by  filtration,  and  then  dissolving  the  residue  in  hot 
methyl  alcohol  from  which  the  abiotic  acid  crystals  separate  on  cooling. 

Tschirch  and  Koritschoner,  on  the  other  hand,  claim  that  the  resui  acids  are  pala- 
bieiinic  add,  CtoHsoOs,  palabieninic  add,  CnHtoOa  and  a-  and  /9-palabietinolic  acids, 
OieHuOa. 

Remai  ks, — As  already  mentioned  (p.  765) ,  rosin  is  the  resinous  constitu- 
ent of  the  natural  oleoresin,  turpentine,  and  is  obtained  by  distilling 
the  volatile  oQ — ^the  so-called  "spirit  of  turpentine" — therefrom. 

Medical  Properties. — Mild  irritant.  Use  chiefly  externally  as  constitu- 
ent or  plasters,  cerates,  and  ointments.  Official  preparation:  Rosin 
cerate  (p.  329). 

Elastica  (U.S.P.  VIII)  or  rubber  is  the  prepared  milk-juice  of  several  species  of 
Hevea.     It  is  a  polymerized  isoprene  having  the  formula 

CH  — CHjs — CHi 

/  \    ^ 

CHs — C  C— CHa 

\  / 

C/U2 — CHj — CH 

Constiiuents. — Since  rubber  consists  lareely  of  isoprene.  the  condensation  (poly- 
merization) of  this  hydrocarbon  should  produce  rubber.  This  condensation  has  now 
been  accomplished,  though  who  was  the  first  to  obtain  genuine  rubber  by  this  method 
is  a  matter  of  controversy.  The  S3mthe8is  has  not  as  yet  become  financially  feasible, 
although  work  to  prepare  cheap  isoprene  from  dimethyl-butadiene 

CSs  CMa 

gives  promise  of  ultimate  success  in  the  commercial  manufacture  of  rubber. 

The  ''preparation''  of  the  milk  juice  mentioned  in  the  official  definition  consists 
of  submitting  the  fresh  juice  to  the  action  of  smoke  made  by  bumins  fatty  fuel — ^like 
palm  fruit — which  is  allowed  to  smoulder  with  but  sHght  access  01  air.  The  milk 
juice  is  held  over  the  smoke  on  a  wooden  paddle,  which  has  been  dipped  into  a  bucket 
containing  the  juice,  and  by  deft  manipulation  the  liquid  juice  is  prevented  from  drip- 
ping from  the  padale  untU  it  solidifies.  The  paddle  containing  the  dried  rubber  is 
again  dipped  into  the  fresh  juice,  and  the  paadle  once  more  rotated  over  the  smoke 
until  that  laver  has  solidified,  and  this  process  continued  until  the  paddle  holds  a  large 
mass  of  rubber. 

When  heated  to  above  125°C.,  it  becomes  a  sticky  mass,  and  the  products  made 
from  it  should,  therefore,  be  kept  from  undue  heat.  Rubber  goods  can  best  be 
preserved  by  keeping  immersed  in  water. 

Hubber  is  made  more  durable  by  the  process  of  vulcanization.  In  making  soft 
rul>ber  it  is  kneaded  with  10  per  cent,  sulphur  (or  a  metaUic  sulphide)  at  a  tempera- 
ture of  120*^  to  136^0.,  while  m  making  hard  rubber  the  crude  rubber  is  heated  with 
30  to  35  per  cent,  sulphur  to  140^  to  142^0.,  and  further  hardened  with  rosin,  chiJk, 
etc. 
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Rubber  used  in  medicine  is  the  pure  native  unvulcanized  variety.  The  only 
medical  use  of  rubber  is  as  a  plaster  base. 

Gutta  Percha  (N.F.)  is  the  prepared  milk-juice  of  various  trees  of  the  genus, 
Palaquium.  It  resembles  rubber  m  many  respects,  although  it  is  less  elastic  and 
does  not  readily  vulcanize.  It  is  used  in  surgery  for  preparing  splints.  A  recipe 
for  solution  of  gutta  percha  is  given  in  the  National  Formulary  (p.  190). 

BENZOnnTM— Benzoin 
(Benzoin. — Gum  Benjamin) 

A  balsamic  resin  obtained  from  Styr<ix  Benzoin  Dryander  and  some  other  species 
of  Styrax  (Fam.  StyracacecB)  growing  in  the  East  Indies  and  known  in  commerce  as 
Sumatra  Benzoin  and  Siam  Benzoin. 

Conaiiiuents, — Resin,  benzoic  acid,  cinnamic  acid,  vanillin,  etc. 

The  resin  of  Sumatra  benzoin  consists  chiefly  of  hemoresinol,  CieHaeOt  and  benzo- 
reainotannolf  C18HS0O4.  That  of  the  Siam  variety  contains  benzoresinol  and  na- 
resinotannolj    CisHuOs. 

Remarks. — Benzoin  would  be  considered  a  balsam,  save  that  the 
quantity  of  volatile  oil  it  contains  is  so  small  that  its  base  can  hardly  be 
considered  as  an  oleoresin.  Accordingly,  the  pharmacopoeia  calls  it 
"a  balsamic  resin." 

Benzoin  is  interesting  as  the  original  soiu*ce  of  benzoic  acid,  which 
thus  received  its  name. 

The  pharmacopoeia  permits  the  use  of  two  commercial  varieties  of 
benzoin — Siam  and  Sumatra.  Of  these,  the  former  possesses  a  delightful 
odor  of  vanilla^  and  is  used  by  perfumers  in  preference  to  the  less  aro- 
matic Sumatra  variety.    Medicinally,  the  two  are  about  equal. 

Medical  Properties. — Expectorant.  Used  chiefly  externally  as  an 
antiseptic  and  vulnerary.  The  tincture  (p.  224)  and  the  compound 
tincture  (p.  224)  are  offlcial.  It  is  also  used  in  making  benzoincUed  lard 
(p.  661). 

Dose. — 1  gramme  (15  grains). 

Chicle  is  the  milk-juice  of  Aehras  Sapota,  a  tree  growing  in  Central  America.  It 
consists  of  the  alcohols  a-  and  /3-amyrin  and  lujpeol,  combmed  as  esters  with  acetic, 
capronic,  cinnamic  and  benzoic  acids.    Its  use  m  chewing  gum  is  well  known. 

GUM— RBSmS 

Gmn-resins  are  plant  exudations  consisting  of  gum  and  resin.  We 
have  already  learned  what  a  gum  (p.  633)  is,  and  wherein  a  resin  (p. 
773)  differs  from  a  gum,  the  pharmaceutic  difference  being  one  of  solu- 
bility, resins  dissolving  in  alcohols  and  being  insoluble  in  water,  while 
gums  dissolve  in  water  and  not  in  alcohol.  Again,  resins  are  terpene 
derivatives,  while  gums  are  dissociation  products  of  cellulose. 

The  gum  of  a  gum-resin  will  not  dissolve  in  alcohol;  the  resin  will; 
and  since  the  resin  is  the  active  constituent,  tinctures  of  such  drugs 
are  made  by  maceration  in  95  per  cent,  alcohol  and  filtration  of  the 
resinous  solution  from  the  undissolved  gum.  In  water,  the  gum  will 
dissolve  and  the  resin  will  not,  but  by  rubbing  such  a  drug  with  water 
the  mucilage  formed^  by  the  dissolved  gum  emulsifies  the  resin — also 
the  volatile  oil,  if  any  be  present — making  a  milky  mixture.  Such  a 
mixture  is  formed  when  asafetida  is  rubbed  with  water,  and  since  the 
preparation  is  clearly  a  form  of  emulsion,  it  is  so  termed  by  the  pharma- 
copoeia.   Up  to  the  revision  of  1890  they  were  grouped  with  the  mixtures 
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of  the  pharmacopceia.  Three  gum-resins  are  now  official,  asafetida, 
gamboge,  and  myrrh,  and  of  these,  the  first  is  a  representative  of  the 
Umbelliferse — ^that  family  of  plants  to  which  belong  anise,  fennel, 
coriander,  and  caraway. 

ASAF(ETIDA— Asafetida 
(Asafoet. — Gum  Asafetida) 

The  gum-resin  obtained  by  incising  the  •rhizomes  and  roots  of  Ferula  AsafcBlida 
Linn6  And  Ferula  fatida  Regel  and  of  some  other  species  of  Ferula  (Fam.  UrnbeUifercB), 
indigenous  to  Persia  and  adjacent  countries,  and  yielding  not  less  than  60  per  cent, 
(or  3  powdered  50  per  cent.)  of  alcohol-soluble  constituents. 

OuUine  of  Assay. — The  drug  is  digested  with  boilins  alcohol  in  a  flask  with  an 
upright  condenser  for  one  hour;  the  mixture  is  filtered  tnrough  counterpoised  filters: 
the  insoluble  residue  is  washed  with  boiling  alcohol  and  is  then  weighed.  Shoula 
be  not  more  than  40  per  cent,  of  the  original  asafetida  taken.  For  details  see 
U.S.P.,  p.  66. 

Constituents. — Resin,  65  per  cent.;  gum,  25  per  cent.;  bassorin; 
vanillin;  volatile  oil. 

The  resin  consists  of  the  ferulaic  acid  (p.  721)  ester  of  asaresiruh 
tonnoJ,  C24H88O4OH;  while  the  oil  is  a  mixture  of  sulphides,  C7H1 482, 
C11H20S2,  C8H16S2,  and  C10H18S2,  with  terpenes.  Powdered  asafetida 
is  practically  without  value,  as  the  amount  of  heat  necessary  to  dry  it 
drives  off  practically  all  of  the  volatile  oil. 

Medical  Properties. — Antispasmodic  (in  hysteria),  carminative. 
The  emulsion  (p.  262),  jnlls  (p.  311),  and  iindure  (p.  223)  are  official, 
and  the  tincture  is  an  ingredient  of  the  popular  coUc  cure,  Dewee^s 
Carminative  (mixtiu'e  of  magnesia,  asafetida  and  opium,  N.F.  (See 
p.  258.)  As  this  mixtiu*e  contains  opium,  its  use  is  not  advisable,  and 
some  physicians  specify  the  preparation  "without  opium,"  in  which  case 
it  is  made  exactly  as  per  the  Formulary,  save  that  the  tincture  of  opium 
is  omitted. 

Dose. — Of  drug,  250  milligrammes  (4  grains). 

CAMBOGIA— Gamboge 
(Cambog. — ^Pipe  Gamboge) 

A  gum-resin  obtained  from  Garcinia  Hanburii  Hooker  fiUus  (Fam.  OtUtifercB). 

Constituents. — Gimi,  16  per  cent.;  resin,  77  per  cent.  The  resin  con- 
sists of  three  gardrwlic  adds.  The  alpha  and  gamma  varieties  have  the 
formula  C22H27O4COOH;  while  the  beta  acid  is  C24H84O4COOH.  The 
resin  on  fusion  yields  phloroglucin  and  fatty  acids. 

Medical  Properties. — Hydragogue  cathartic.  Always  in  combina- 
tion, since  it  is  very  drastic.  An  ingredient  of  compound  cathartic  pills 
(p.  312). 

T}ose. — 125  milligrammes  (2  grains). 

MTRRHA— Myrrh 

(Myrrh. — Gum  Mjrrrh) 

A  gum-resin  obtained  from  one  or  more  species  of  Commiphora  (Fam.  Burseracece). 

Constituents. — Gum,  60  per  cent.;  resin^  30  per  cent.;  volatile  oil,  6 
to  7  per  cent. 
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The  resin  consists  of  a  and  fi  Myrrhola  CitHmOs  and  Ci9Hs804  respectiy^y:  of  oc 
and  ^  MyrrhololSf  C80H44OU  and  CssHssOio  respectively;  and  of  a  resene  CtiH4(^4. 
The  gum  hydrolyses  to  galactose,  arabinose  and  xylose.  The  volatile  oil  appears  to 
be  closely  related  to  the  resene.  Bolton  claims  that  the  antiseptic  activity  of  myrrh 
is  due  to  bursercusin,  CS0H28O8,  which  he  states  possesses  radio-active  properties. 

Medical  Properties. — Carminative,    The  official  tincture  (p.  230)  is 
a  useful  addition  to  mouth-washes. 
Dose. — 500  milligrammes  (8  grains). 

Ammoniac,  the  pum-resin  from  Dorema  Ammaniticum,  was  dropped  in  the  eighth 
pharmacopoeial  revision.     It  is  a  stimulant,  and  given  in  doses  of  15  grains. 

The  following  drugs  are  said  to  owe  their  activity  to  resinous  matter 
not  associated  with  volatile  oil. 

Phytolacca  (U.S.?.  VIII;  N.F.  IV),  or  poke  root,  is  the  dried  root  of  Phytolacca 
decandra  Linn6  (Fam.  Pkytolaccacea),  collected  in  autumn.  It  contains  resin,  tannin, 
a  glucoside  and  a  volatile  acid,  and  is  used  as  an  alterative  (in  rheumatism) ;  in  large 
doses  it  is  emetic.     Dose  as  alterative  is  IH  grains,  as  emetic  is  15  grains. 

Poke  berries,  the  fruit  of  Phytolacca  decandra^  were  formerly  officiaL  They  are 
emetic  and  cathartic,  and  of  supposed  value  in  reducing  superfluous  flesh.  Do«e, 
15  grains. 

Gossypii  Cortex  (U.S.?,  VIII;  N.F.  IV)  is  the  dried  bark  of  the  root  of  Oouy- 
pium  herbaceum  linn^^  or  of  other  cultivated  species  of  Gossymum  (Fam.  Mahacea). 

It  contains  a  volatile  oil,  acids  (dihydroxy-benzoic.  and  salicylic),  phenols,  betaine, 
fat,  and  sugar.  It  is  used  as  an  emmenagogue,  and  should  not  be  sold  indiscrimi- 
nately, being  frequently  used  to  produce  abortion.  It  is  used  as  an  emmenagogue  and 
ecbolic,  in  dO^rain  doses. 

NEUTRAL  PRINCIPLES  AND  DRUGS  CONTAINING  SAME 

SANTONmUM— Santonin 
(Santonin.) 

The  inner  anhydride  or  lactone  [CisHitOs  »  246.141  of  santonic  acid  obtained 
from  Artemisia  paticiflora  (Ledebour)  Weber  (Fam.  ComposUas).  Preserve  it  in 
well-closed  contamers,  protected  from  light. 

Summarized  Description. 

Colorless,  shining  flattened  rhombic  prisms  or  crystalline  powder;  first  tasteteas, 
then  bitter;  becomes  yellow  on  exposure  to  light:  discolored  samples  reciystallixe 
white  from  alcohol;  soluble  in  about  5300  parts  01  water,  and  in  about  34  parts  of 
alcohol;  also  soluble  in  chloroform  and  ether ;  solutions  are  Isevorotatory;  melts  be- 
tween 161  **  and  171^C.    For  details  see  U.S.P.^  p.  366. 

For  tests  for  iderUiiy,  for  impurities:  Carbomzable  organic  matter  (does  not  color 
sulphuric  acid  more  than  yellow).  Alkaloids  (acidulated  aqueous  filtrate,  not  pre- 
cipitated by  alkaloidal  reagents)  see  U.S. P. 

Extraction, — The  drug  is  mixed  with  slaked  lime  and  after  drying  and  grinding, 
the  alkaline  mixture  is  percolated  with  warm  alcohol.  The  alcohol  is  distiUed  from 
the  percolate  and  to  the  residue,  hydrochloric  acid  is  added.  After  the  acidulated  liquid 
is  allowed  to  stand  five  days  the  crystals  of  santonin  are  collected  and  purified. 

Composition, — According  to  Cannizzaro,  santonin  is — 

CH3 

C  C 

/    \/    \ 

H,cf  C  CH--0\ 


\       ,/\       ,/ 

Y    Y 

CH, 


CH, 


that  is,  a  derivative  of  hexahydronaphthalene  (p.  785). 
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Remarks. — The  change  to  yellow  on  exposiu*e  to  light  is  said  to  be 
due  to  its  conversion  into  photosantonic  acid,  Ci^H2205.  This  explains 
the  importance  of  keeping  santonin  and  its  preparations  in  a  dark  place. 

Medical  Properties, — Anthelmintic  should  be  used  with  caution,  since 
it  has  been  known  to  produce  blindness.  Usually  administered  in  the 
form  of  the  troches  (p.  322). 

Dose. — dO  milligrammes  (1  grain). 

Santonica  (U.S.P.  VIII),  or  Levant  wormaeedy  is  the  dried  unexpanded  flower-heads 
of  Artemisia  pattciflara  (Ledebour)  Weber  (Fam.  CompositcB),  Santonica  contains 
santonin  (2  per  cent.),  and  volatile  oil  (2  per  cent.).  The  volatile  oil  consists  of  cineol 
(p.  735)  ana  cajuputene  (or  dnene). 

Santonica  is  one  of  the  two  dru^  called  "wormseeds/'  and  neither  are  seeds. 
The  other  wormseed,  chenopodium,  is  a  fruit,  while  santonica  is  a  tiny  cluster  of 
unopened  flowers.  The  two  are  readilv  distinguished  bv  rubbing  the  specimen 
between  the  thumb  and  forefinger.  If  cnenopodium,  a  little  chaff  rubs  off,  leaving  a 
minute  black  seed ;  if  santonica,  the  entire  specimen  rubs  into  dry,  chaffy  scales. 
Santonica  is  important  as  the  source  of  santonin. 

It  is  rarely  used  as  a  drug,  but  when  so  employed  as  an  anthelmintic,  its  dose  is 
30  grains. 

ELATERINUM— Elaterin 

(Elaterku) 

A  neutral  principle  obtained  from  Elaterium,  a  substance  deposited  by  the  juice 
of  the  fruit  of  EcbaUium  Elaterium  (Lann6)  A.  Eichard  (Fam.  Cttcurbitacece). 

Summarized  Description, 

Minute,  white,  nexagonal  scales  or- prismatic  crystals;  slightlv  acrid  bitter  taste; 
insoluble  in  water;  soluble  in  about  262  parts  of  alcohol;  also  soluble  in  chloroform, 
ether  and  benzene.    For  details  see  U.S.F.,  p.  132. 

For  impurities:  Carbonizable  matter  and  alkaloids  (like  the  tests  given  under 
santonin)  see  U.S.P. 

Color  Teats. — Crimson,  then  scarlet  when  treated  with  phenol  and  then  with  sul- 
phuric acid.    Brown  with  sulphuric  acid  and  formaldehyde.     For  details  see  U.S.P., 

P-  132. 

Composition, — Power  and  Moore  state  that  the  conmiercial  elaterin  is  a  mixture. 
One  of  the  constituents  o-elaterin,  CsaHarOT,  is  levogyrate;  while  the  physiologically 
active  constituent,  /9-elaterin,  CtsHsgOr,  is  dextrogyrate! 

Remarks. — Elaterin,  according  to  the  pharmacopoeia,  is  "a  neutral 
principle,  obtained  from  elaterium."  This,  in  turn,  is  a  constituent  of 
the  juice  of  the  squirting  cucumber,  EcbaUium  Elaterium,  which  is  a 
plant  belonging  to  the  gourd  family.  The  pronunciation  of  the  two 
-words  is  different,  the  accent  in  the  official  name  being  on  the  second 
syllable  (e-lorf-er-in),  while  in  the  other  word  it  is  on  the  third  syllable 
(el-a-ter-i-um).       * 

Medical  Properties. — Hydragogue  cathartic.  Usually  administered 
in  the  form  of  the  official  triturate  (p.  295). 

Dose. — Of  elaterin,  3  milUgrammes  (Ho  grain). 

Picrotoxin,  CisHieOs,  which  was  formerly  official,  is  the  active  principle  of  fish- 
berries  (Animirta  panunUata).  '  It  is  now  supposed  to  be  a  mixture  of  picrotoxinin, 
Oi^HisOe,  and  picrotin.  CisHisOe.  It  is  a  dangerous  poison,  and  is  used  chiefly  for 
killing  body-vermin.     Its  dose  is  1  milligramme  {^4  grain). 

TARAXACUM— Taraxacum 
(Tarax. — Dandelion) 

The  dried  rhizome  and  roots  of  Taraxacum  officinale  Weber  (Fam.  Compositce). 
I>reflerve  the  thoroughly  dried  drug  in  tightly  closed  containers,  adding  a  few  drops 
of  chloroform  or  carbon  tetrachloride,  from  time  to  time,  to  prevent  attack  by  insects. 
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C<m8tUueni8, — Brown,  amorphous,  bitter  principle;  resinous  matter;  inulin;  chol- 
ine; levulose;  acids  (hydroxy-pnenylacetic,  etc.);  trace  of  volatile  oil. 

The  resin  is  a  combination  of  phytosterols  (taraxasterol,  cluytianol,  etc.)  with  fatty 
acids  (palmitic,  melissic,  oleic,  etc.).  Taraxadn  and  taraxaoerin  of  older  writers  are 
mixtures. 

Remarks. — Taraxacum  is  the  root  of  that  common  weed,  the  dande- 
lion. The  latter  synonym  comes  from  the  French  '*dent  de  Uon,"  the 
lion's  tooth,  so  termed  after  the  jagged  edges  of  its  leaves.  It  is  a  good 
remedy  in  Uver  trouble.  Look  out  for  prescriptions  containing  fluid- 
extract  of  taraxacum  and  nitrohydrochloric  acid.  Both  are  valuable 
hepatic  stimulants,  but  when  mixed  they  are  apt  to  explode  (p.  950). 

The  drug  should  be  collected  in  the  autumn.  This  is  because  the 
young  root  collected  in  the  spring  contains  little  or  no  bitter  principle  and 
much  sugar.  Diuing  the  summer  the  latter  is  converted  into  the  inulin 
found  in  the  official  drug. 

Medical  Properties. — Hepatic  stimulant  and  digestive.  Official 
preparations:  the  extract  (p.  280)  and  fluidextract  (p.  245). 

Dose. — 10  grammes  (2J^  drachms). 

Apocynum  (U.S. P.  VIII;  N.F.  IV),  or  Canadian  hempf  is  the  dried  rhisome  of 
Apocynum  cannabinum  Linn6  (Fam.  Apocynacece).  It  contains  apocynin  or  aoeto- 
vanillin,  C^HioOs;  cynoioxin,  CaoHsgOe  (a  powerful  heart  stimulant,  resembling 
Kiliani's  digitic  acid) ;  resin,  and  tannin.  It  is  used  as  a  cardiac  tonic  and  diuretic 
in  12-grain  doses.  It  is  by  no  means  innocuous  and  should  be  given  only  under  the 
supervision  of  a  physician. 

CALUMBA— Calumba 

(Calumb.-;-Columba — Columbo — Colombo) 

The  dried  root  of  Jalearkiza  palmala  (L0amarck)  Miers  (Fam.  Menispermaoea). 

ConsitiiLerUs. — Columbin;  columbic  acid;  three  oXkaXoids,  columbamarine, 
jaleorhizine,  and  patmUine;  starch;  no  tannin. 

Columbin  is  a  bitter  principle,  to  which  several  formulas  have  been 
assigned  by  different  investigators.  Frey  says  it  is  CstHssOq,  and  is  a 
lactone.  On  treatment  with  alkali  it  3delds  columbic  acid,  CnHnOio* 
The  three  alkaloids  resemble  berberine,  and  give  the  drug  its  yellow 
color. 

Medical  Properties. — Simple  bitter.     The  tincture  (p.  224)  is  official. 

Dose. — 2  grammes  (30  grains). 

PODOPHYLLUM— Podophyllum 
(Podoph. — Mandrake. — May  Apple  Rhizome) 

The  dried  rhizome  and  roots  of  PqdophyUum  peUalwn  Linn^  (Fam.  Berberidiacea), 
yielding  not  less  than  3  per  cent,  of  resin. 

Constituents. — Picropodophyllin;  picropodophyUinic  acid;  podophyllinic 
add;  green  oil;  resin;  starch,  etc. 

Picropodophyllin  is  a  bitter  principle,  C2sHs4092HsO,  while  picro- 
podophyUinic acid  has  the  formula  C20H24O9,  and  is  physiologically 
inactive.    The  two  combine  to  form  podophyllotoxin. 

Podophyllum  is  the  rhizome  of  an  American  plant  commonly  calletl 
may  apple,  or  mandrake.  It  3delds  that  important  purgative,  podophyllin, 
which  is  official  under  the  name  of  resin  of  podophyllum  (p.  282),  since  it 
is  not  a  definite  chemical,  but  a  mixture  of  the  active  principles  of  the 
drug,  cited  above,  associated  with  resin.    Too  great  stress  cannot  be 
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laid  on  the  difference  between  podophyUum — ^the  rhizome — and  podo- 
phyUin — the  trade  name  for  resin. 

Medical  Properties. — Hydragogue  cathartic.  Usually  administered 
with  other  pm'gatives.  Official  preparations.  The  resin  (cited  above) 
and  the  fiuidextract  (p.  244). 

Dose. — No  dose  is  given  in  the  present  pharmacopoeia.  In  the 
eighth  edition  it  was  stated  as  500  milligrammes  (7}4  grains). 

QUASSIA— Quassia 
(Quass. — Bitter  Wood) 

The  wood  of  Picrasma  excelsa  (Swartz)  Planchon,  known  in  commerce  as  Jamaica 
Quassia,  or  of  Quassia  amara  Linn^,  known  in  commerce  as  Surinam  Quassia  (Fam. 
SimartuHicecB). 

ConstiitAenis. — Quassin,  picrasmin,  mucilage,  resin,  etc. 

Remarks. — Quassia  is  the  wood  of  the  tree,  Picrasma  excelsa^  and  its 
bitterness  is  well  known.  Its  use  in  the  form  of  drinking-cups  was  quite 
popular  some  years  since,  but  is  no  longer  in  vogue. 

Medical  Properties. — Bitter  tonic.     The  tirtcture  (p.  231),  is  official. 

Dose. — 500  milUgrammes  (8  grains). 

SANTALUM  RUBRITM— Red  Saunders 

(Santal.  Rub.) 

The  heart-wood  of  Pterocarpus  santaliniis  Linn6  filius  (Fam.  Leguminosa). 

Constituents. — Santalin  (or  sankdic  acid)^  C15H14O6,  a  red  coloring 
principle. 

Medical  Properties. — Used  entirely  as  coloring  agent,  and  employed 
for  this  purpose  in  compound  tincture  of  lavender  (p.  229). 

Euonymus  (U.S.P.  VIII;  N.F.  IV),  or  wahoo  bark,  ia  the  dried  bark  of  the  root  of 
Euonymua  atropurpureus  Jacquin  (Fam.  Celastracecs) .  It  contains  euonymol^  CnHsoOi, 
resinous  matter;  volatile  oil  (trace),  dulcit,  sugar,  tannin,  etc.  The  resm  consists 
of  phytosterols  (euonysterol,  citrulloL  etc.)  and  fatty  acids  (palmitic,  cerotic,  oleic, 
etc.).  No  glucosides  are  present.  Euonymus  is  used  as  a  laxative  and  diuretic  in 
S-grain  doses. 

Cusso  (U.S.P.  VIII),  or  Kousso,  is  the  dried  panicles  of  the  pistillate  flowers  of 
Hagenia  abyssinica  (Bruce)  Gmelin  (Fam.  Rosacece).  It  contains  resinous  principle, 
CssHtoOr,  called  tcBniUy  or  koain;  tannin,  etc. 

The  last  pharmacopoeia  defined  this  drug  as  ''the  dried  panicles  of  the  pistillate 
flowers."  A  panicle  is  a  special  form  of  flower  cluster,  while  pistillate  flowers  are 
those  containmg  the  pistils  or  female  organ  and  no  stamens. 

Each  perfect  flower  has  stamens,  or  male  organs,  which  joroduce  the  pollen,  and 
a  pistil  or  pistils,  which  are  fertilized  by  or  absorb  the  pollen  and  which  develop 
within  their  ovaries,  the  seeds.  In  some  plants  the  male  and  female  org[ans — the 
stamens  and  pistils  respectively — are  not  found  in  the  same  flower,  in  which  event 
the  flowers  containing  tne  stamens  are  called  the  staminate  flowers,  while  the  flowers 
containing  the  pistils  are  called  the  pistillate  flowers.  The  drug,  cusso,  consists  of 
the  latter  form  of  flower  cluster. 

Cusso  is  used  as  a  tenifu^e.  It  is  usually  administered  in  the  form  of  an  un- 
strained infusion,  it  being  claimed  that  the  action  is  largely  mechanical. 

Dose. — 240  grains. 

LACTUCARIUM— Lactucarium 

(Lactucar.) 

The  dried  milk  juice  of  Lactuca  virosa  Linn6  (Fam.  Composita). 

Constituents. — Lactudn,  ladv^xrin,  lactudc  add,  lactucopicrin,  acetates 
of  lacttuxrolf  gam,  resin  and  caoutchouc  or  waxy  substance. 
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Remarks. — This  drug  is  the  dried  milk  juice  of  LadiuxL  virosa,  which 
is  the  wild  lettuce,  a  plant  closely  allied  to  our  garden  lettuce,  which, 
when  plucked,  exudes  a  milk  juice.  Such  juice  exuding  from  the  wild 
lettuce,  on  drying,  yields  the  official  drug,  which  is  a  very  useful  sedative. 
Each  lettuce  plant  naturally  yields  a  comparatively  small  amount  of 
juice,  and  when  it  is  remembered  that  the  dried  juice  must  be  scraped 
from  each  cut  plant,  the  high  price  of  lactucarium  is  explained. 

The  rubbery  or  waxy  constituent  of  lactucarium  can  be  extracted 
with  benzin,  which  solvent  does  not  remove  the  active  constituents. 
Hence  the  use  of  benzin  in  preparing  the  official  tincture  (p.  228). 

Medical  Properties. — Mildly  narcotic.  Useful  in  hacking  coughs. 
It  is  said  that  the  proprietary  lactucarium  preparations  contain  morphine. 
From  the  official  tincture  (see  above)  the  official  syrup  (p.  198)  is  prepared. 

Dose. — Of  drug,  1  gramme  (15  grains). 

PLANT  Ain>  ANIXXAL  COLORS 

The  natural  pigments  foimd  in  vegetable  and  in  animal  tissue  can 
well  be  discussed  in  this  chapter,  since,  like  neutral  principles,  they  repre- 
sent complex  compounds,  the  structiure  of  which  are  in  most  cases  not 
sufficiently  understood  to  permit  their  proper  classification.  Among  these 
substances  we  find: 

Chlorophyll  and  Other  Leaf  Pigments. — Thanks  to  Willst&tter,  the  structural 
problems  connected  with  chlorophyU  and  its  allied  products  have  been  recently  solved. 
Thegreen  color  of  leaves  is  now  known  to  consist  of  four  pupnents:  chlorophyll  ''a.'~ 
CssH7t06N4Mg;  chlorophyll  "b,"  CtsHToOsNiMg;  carotin,  GioHse;  and  xanthophyll 


C4oHseOi.  The  first  two  are  green,  while  the  last  two  are  vellow.  No  less  than  3o 
intermediate  products  between  the  two  chlorophylls  ''a''  and  "b ''  have  been  prepared 
and  analyzed  oy  WiUst&tter  and  his  pupils.    These — phsBophytins,  phvtorhodins,  por- 

llin.etc. — ^have blue,  red  and  yellow  tints.    Chloropnyll"a"i8suppo&- 


phyrins,  aetiophyllin,  x.v^.. 

NHCO 
edly  [C8iH29NtMg]COOCH8     and  may  be  considered  a  derivative  of  stiophyllinf 

COOC,oH,9 
GsiHsiNiMg.     The  structure  of  this  bodv  is  strikingly  like  that  of  hemin,  the  blood 
pigment,  as  comparison  of  the  following  formulas  will  show : 

^tiophyllin, 

C3lH,4N4Mg, 

CH,C CH 

.>N 


C,H.C 

CH,a 


Hemin, 
C„H„04N4FeCl. 

CH,C  -CH  CH= 
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Hr-CHr-C==-=C<^  >C=-=.  r=.C— CHr-CH,OCX)H 

I  >N— Fe— N<C  L 

CH,6-^  -  —  C^  I  XJ=r-=    :^CCH, 

Ce 
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Floral  Colors,  or  anihocyanSf  are  glucosides  that  hydrolyze  to  sugar  and  anthro- 
cyanidms.  Willst&tter  has  isolated  three  of  the  latter,  cyanidirif  pelaganidin,  del- 
^inidin,  and  has  shown  that  they  are  complex  naphthalin  derivatives. 

Hematiny  the  blood  pi^ent,  is  describea  on  page  844;  while  the  structure  of  its 
halogen  compound  hemin  is  given  above. 

Carotin  and  Xantfaophyll,  the  yellow  plant  pign^ents,  are  mentioned  above. 

Canninic  acid,  C2SHS2O18,  the  color  of  cochineal  (p.  850)  is  presumably 


CH 
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C  C  C  C 
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HOC  C  CH         C  COH 

H     OH  (OH),        CH, 
JOOH 
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Orcein  is  a  color  obtained  from  cudbear  which  contains  several  other  dyes,  the 
chemical  nature  of  which  have  not  as  yet  been  thoroughly  studied. 

Hematoxylin,  Ci6Hi406.dHiO,  is  the  coloring  matter  of  logwood  (p.  717). 

Curcumin,  C14H14O4,  is  the  coloring  matter  of  turmeric  which  makes  it  of  value 
in  testing  boric  acid. 
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Pharm.,  34,  1830,  318;  Wallach  and  Brass,  A.,  225,  1884,  291  and  314. 
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Elaterin. — (Composition)  Power  and  Moore,  Ph.  Jl.,  83/1909,  501;  Mooie,  JI. 
Ch.  Soc.,  97,  1910,  1797;  Berg,  BuU.  Soc.  Chim.,  [4],  7,  1910,  386. 

Picrotoxin. — (Composition)  Horrmann,  B.,  45,  1912,  2090;  Angelico,  C.  A.,  4, 
1910,  2457,  5,  1911,  1092,  6,  1912,  352  and  7,  1913,  1715;  Sielisch,  A.,  391,  1912,  1. 

Taraxacum. — (Constituents)  Power  and  Browning,  Jl.  Ch.  Soc.,  101,  1912,  2411. 

Apocunum. — (Constituents)  Schmiedeberg,  A.Pn.A.,  31,  1883,  290;  Poppen- 
husen,  A.J.P.,  60,  1888,  168;  Finnemoie,  Jl.  Ch.  Soc,  93,  1908,  1513  and  Proc.  Ch. 
Soc.,  25,  1909,  77. 

(;oZt*m6a.— (Constituents)  Wittstock,  Jl.  de  Ph.,  17,  1831,  77.  Boedeker,  A.J.P., 
20,  1848,  327;  Feist,  Arch.  d.  Pharm.,  245,  1907,  586;  FVey  A..  351,  1906,  372. 

PodJopAwUttm.— (Constituents)  Podwyssotzki,  Ph.  Jl.,  [3],  12,  1882,  1011;Karcten, 
Aroh.  d.  Phann^  229,  1891,  220. 

Quassia, — (Cfonstituents)  Winckler,  Ch.  Cent.,  7,  1836,  69;  Oliveri  and  Denardo, 
Jl.  Ch.  Soc.,  46,  1884,  1192;  Massuti,  A.J.P.,  62,  1890,  338. 

Red  ^awrkfors.— (Constituents)  Pelletier,  Ch.  Cent.,  4,  1833,  246;  Meier,  A.,  72, 
1849,  320;  Weidel,  Arch.  d.  Pharm.,  193,  1870,  159;  Franchimont,  B.,  12,  1879,  14; 
Cain  and  May,  Proc.  7th  Int.  Cong.  App.  Ch«  1909,  4b,  85. 

Euonymus. — (Constituents)  Rogerson,  Jl.  Ch.  Soc,  101,  1912,  1040. 

/JLOtiMo.— (Constituents)  Wittstem,  Ch.  Cent.,  11,  1840,  412;  Bedal,  A.J.P., 
64,  1892,  394:  Flackiger  and  Buri,  Arch.  d.  Pharm.,  205,  1874,  193;  Leichseniing, 
Arch.  d.  11.  Pharm^232,  1894,  50.     (Infusion)  Pereira,  A.J.P.,  22,  1850,  319. 

Lactucarium, — ((Jonstituents)  Aubergier,  Comp.  rend.,  19,  1840,  923;  WaLs,  A., 
32,  1840,  85;  Ludwig,  A.J.P.,  20,  1848,  57;  Kromeyer,  A.,  105,  1858,  3;  Hesse,  A., 
234,  1886,  240. 

Natural  Coior*.— (Chlorophyll)  Willst&tter,  Jl.  Am.  Ch.  Soc,  37.  1915,  323. 
(Floral  colors)  Wilistatter,  Ch.  and  Dr.,  87,  1915,  765.  (Carminic  acid)  Dimroth, 
A^  399,  1913,  1;  B.^  42,  1909,  1613.  (Orcin)  Beringer,  Jl.  A.Ph.A.,  1,  1912,  826. 
(Hematoxylin)  Bolhna.  Kostanecki  and  Tambor,  B.,  35,  1902,  1678.  (Curcumin) 
Jackson  and  Menker,  Am.  Ch.  Jl.,  6,  1884,  77. 


CHAPTER  XLIX 

CONDENSED  BENZENES  AND  THEIR  DERIVATIVES 

With  the  derivatives  of  the  terpenes  we  close  those  benzene  deriva- 
tives which  are  of  interest  to  pharmacy,  and  are  prepared  to  take  up  a 
new  series  of  the  hydrocarbons.  These  are  found  in  the  condensed 
benzenes — naphthalene  and  anthracene.  Both  of  these  substances  are 
constituents  Of  coal-tar,  and  are  obtained  by  the  fractional  distillation 
of  this  product.  The  fraction  distilling  between  180°  and  200°C.  con- 
tains naphthalene,  while  that  coming  over  from  340°  to  360°C.  contains 
anthracene. 

Naphthalene  was  discovered  by  Garden  in  1819  in  coal-tar.  While  naphthalene 
is  always  obtained  commercially  from  coal-tar,  its  synthesis  has  been  trequentiv 
accomplished.  Thus,  if  methane,  ethylene,  and  acetylene  be  passed  through  red- 
hot  tubes,  one  of  the  products  oi  this  treatment  is  naphthalene.  Other  syntheses 
throwing  light  on  chemical  formula  are  matters  of  passing  interest.  Thus  if  the  vapor 
of  phenyl  butylene  dibromide, 

C^.CH,CH2CHBrCHBr, 
be  passed  over  red-hot  lime,  naphthalene  results.     This  synthesis  is  of  importance  as 
showing  that  naphthalene  contains  a  benzene  nucleus.    Still  more  important  is  the 

•       •  CH  Br 

formation  of  naphthalene  from  combination  of  orthoxylenen  bromide,  ^•^4<nH'Br 

with  the  sodium  salt  of  acetylene  tetracarbonic  acid  methyl  ester, 

Na— C  =  (COOCH,), 

Na— C  =  (COOCH,),. 
When  they  are  brought  together,  we  obtain  hydronaphthalene-tetracarbonie 
methyl  ester, 

/CH,—C— (COOCH,), 

^CHr-C— (COOCH,),, 
and  this  substance,  with  appropriate  treatment,  yields  naphthalene.     The  importance 
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of  this  synthems  is  that  it  proves  that  naphthalene  consists  of  the  benzene  group, 
attached  to  which  is  a  ring  containing  four  carbon  atoms. 

Two  reactions  of  naphthalene  are  also  of  interest  to  use  in  helping  to  establish  the 
formula.    The  first  is  that,  on  oxidation,  it  breaks  up,  yielding  phthalic  acid, 

CcH4<qqq|t;  and  the  second  is  that,  when  treated  with  reducing  agents,  it  easily 

absorbs  four  atoms  of  hydrogen  and  then  with  difficulty  absorbs  six  more.     All  these 
reactions  point  to  the  following  graphic  formula  for  naphthalene  (a) : 


a 

6 

c 

H      H 

H     H 

H 

C      C 

C      C 

C 

/'\/\ 

HC      C      CH 

y^ 

HC      C      CH 

HC       C— COOH 

HC      C      CH 

HC      C      CH 

HC       C— COOH 

yy 

YY 

Y 

H      H 

H      1 
NO, 

NO, 

That  it  contains  at  least  one  benzene  group  is  shown  by  the  two  syntheses  ^yen  below. 
That  the  added  ring  containing  four  carbon  atoms  is  in  the  ortho  position  to  the 
benzene  group  is  shown  by  the  second  synthesis  given  above,  and  also  by  the  oxida- 
tion with  phthalic  acid.  That  the  ring  containing  four  carbon  atoms  has  two  double 
bonds  is  snown  by  the  fact  that  it  easily  adds  four  hydrogen  atoms;  that  the  extra 
four  carbon  atoms  are  in  a  ring  is  shown  by  the  behavior  of  its  mononitro-derivatiye 
(5).  Under  certain  treatment  the  pure  benzene  rin^  breaks,  and  we  get  nitrophthalic 
acid  (c).  Under  other  treatment  it  is  the  nitro  rmg  that  breaks,  and  we  get  pure 
phthsJic  acid, 

H 

C 

HC      C— COOH 
HC      C— COOH 

Y 

H 

Naphthalenum  (U.S.P.  VIII),  or  naphl}ialenej  is  a  hydrocarbon  obtained  from  coal 
tar  and  purified  by  crystallization. 

Naphthalene  has  been  used  considerably  of  late  under  the  name  of  coaJAar  camphor, 
and  the  popular  form  in  which  it  is  sold  in  the  shape  of  small  balls  is  called  moth-haXU. 
Its  use  in  {uace  of  camphor  is  due  to  the  increase  in  price  of  camphor  which  has  taken 
place  during  the  last  oecade,  and  not  because  of  its  greater  value.  It  is  used  as  an 
insecticide  as  is  camphor,  but  there  is  no  question  as  to  preference  of  the  aromatic  odor 
of  camphor  to  the  rank,  peredstent  odor  of  naphthalene.  Naphthalene  is  also  used  as 
a  carbureter  of  gas.  Gas  deficient  in  carbon,  such  as  the  so-called  water-gas  and 
natural  gas,  can  be  made  to  give  a  more  luminous  flame  by  passing  the  gas  through 
cylinders  or  globes  containing  crystallized  naphthalene.  In  the  present  day  of  incan- 
descent burners  the  necessity  of  the  luminous  flame  is  lessening,  and  so  also  is  the 
application  of  naphthalene  a^  a  carbureter. 

Naphthalene  i)osse8ses  antiseptic  properties,  and  has  been  recommended  as  a 
remedy  in  chronic  bronchitis  and  intestinal  catarrh.  Its  chief  use,  however,  is  ex- 
temalty  as  an  antiseptic  dressing,  and  even  for  this  purpose  it  is  not  very  popular  on 
account  of  its  disagreeable  odor. 

NAPHTHOLS 

These  are  phenols  of  naphthalene.  While  there  was  but  one  phenol 
yielded  from  benzene — phenol,  or  carbolic  acid,  U.S.P. — there  are  two 
phenols  from  naphthalene;  for,  as  shown  in  the  following  graphic  formula^ 
there  is  a  difference  whether  the  hydroxyl  group  is  placed  on  the  carbon 
atom  next  to  the  pure  benzene  ring  or  on  the  second  carbon  atom  from 
the  same.  When  placed  on  the  first  carbon  atom,  the  derivative  is 
caUed  alpha-naphthol,  whereas  if  placed  on  the  second  carbon  atom,  it 

50 
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is  called  beta-naphthol.  What  is  true  as  far  as  alpha-  and  beta-naphthol 
are  concerned  is  true  in  regard  to  all  the  mono-derivatives  of  the  naphthols; 
two  of  each  derivatives,  alpha  and  beta,  being  possible. 

Alphariiaphthol.  Beta-naphthol. 

H  H  H 

C  C— OH  C  C 

HC   C  CH  HC  C   C— OH 

HC  d   CH  HC  C   CH 

YY  VY 

H  H  H  H 

Both  naphthols  are  found  in  coal-tar,  and  both  can  be  made  synthetic- 
ally by  treatment  of  naphthalene  with  concentrated  sulphuric  acid, 
when  the  naphthalene-sulphuric  acid  is  produced.  If  the  temperature 
is  carefully  kept  at  160°C.,  the  product  will  be  the  beta-derivative; 
alpha-naphthene-sulphuric  acid  not  being  produced  when  the  mixture  is 
heated  above  80**.  If  this  beta-derivative  is  fused  with  sodium  hydroxide^ 
betanaphthol  results. 

BETANAPHTHOL— Betanaphtiiol 
(Betanaph. — ^Naphthol) 

A  monohydrox3rphenol  [C10H7OH « 144.00]  of  the  naphthalene  aeries.  Pre- 
serve  it  in  well-closed  containers  protected  from  light. 

Summarized  Descriptum, 

Colorless,  or  pale  buff-colored  shinine  crystalline  laminse,  or  white  or  yjellowish- 
white  crystalline  powder;  faint  phenol-uke  odor;  pungent  taste;  soluble  in  about 
1000  part?  of  water  and  in  about  0.6  part  of  alcohol;  also  soluble  in  chloioformy  ether, 
glycerin,  olive  oil  and  in  alkali  hydroxide  solutions;  melts  between  120*'  and  122^., 
sublimes  readily  on  heatins.    For  details,  see  U.S.  P.,  p.  78. 

For  teats  for  identity,  tor  impurities:  Naphthalin  (completelv  soluble  in  f^mmnniA 
water).  Other  organic  matter  (the  ammonia  solution  is  colored  not  more  than  pale 
vellow).  Alphanaphthol  (not  colored  violet  by  treatment  with  iodine  and  aoduum 
hydroxide  solutions),  see  U.S.P. 

Remarks. — Betanaphthol  is  used  as  an  antiseptic  both  internally 
and  externally,  a  solution  of  1 :  1000  being  a  good  germicide.  It  is  given 
internally  in  intestinal  troubles,  especially  in  typhoid  fever. 

Dose. — ^250  milligrammes  (4  grains). 

BISMUTHI  BETANAPHTHOLAS— Bismuth  Betanaphthol 

(Bism.  Betanaph.) 

A  compoimd  of  bismuth  and  betanaphthol  of  somewhat  varying  compnsitioii, 
vielding  not  less  than  15  per  cent,  of  betanaphthol  [CipHrOH]  and,  upon  ignition,  not 
less  than  73  per  cent,  nor  more  than  78  per  cent,  of  bismuth  oxide  [Bi/)iK 

Summarized  Description. 

Buff-colored  to  grayish-brown  amorphous  powder;  faint  odor  of  betani^hthol; 
nearly  insoluble  in  water,  alcohol,  chloroform  ana  ether;  dissolved,  with  decomposition, 
by  mineral  acids;  chars  on  heating  and  finally  leaves  residue  of  bismuth  oxiae.  For 
details  see  U.S.P.,  p.  78. 

For  tests  for  identity ,  f'lr  impurities:  Free  betanaphthol  (residue  obtained  on  eva^io- 
ration  of  chloroformic  filtrate  not  more  than  1  per  cent,  of  original  sample). 

Nitrates  (no  ammonia  vapors  liberated  on  treatment  with  potassium  hydioxide 
solution  and  aluminum  wire). 

Chloride,  lead,  copper^  sulphate  and  silver  (ignite,  dissolve  in  nitric  acid,  pre- 
cipitate as  Dismuth  suomtrate  by  pouring  in  water,  then  proceed  as  given  under 
bismuth  subcarbonate  (U.S.P.,  p.  81). 
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Aisenic  (usual  test)  see  U.S.P.,  p.  586. 

Assay  for  BetanaviuhoL — ^Dissolve  the  compound  in  hydrochloric  acid  with  aid  of 
heat;  shake  out  with  several  portions  of  chloroform.  Evaporate  the  chloroformic 
extracts,  dry  in  a  desiccator  and  weigh.  Yield  at  least  15  per  cent,  of  original  weight 
of  sample.     For  details  see  U.S. P. 

Assay  for  Bismuth. — See  Part  V. 

Remarks. — This  new  ofBicial  chemical  is  prepared  by  precipitating  a 
solution  of  sodium  betanaphtholate  with  an  acetic  acid  solution  of  bis- 
muth nitrate.  It  is  a  popular  intestinal  antiseptic  one  commercial 
form  of  which  is  marketed  under  the  name,  orphol. 

Dose. — ^500  milligrammes  (8  grains). 

Naphthol  itself  possesses  rather  irritating  properties,  and  has  a 
decidedly  peppery  taste.  For  that  reason  its  appUcation  is  somewhat 
limited,  and  many  efforts  have  been  made  to  prepare  derivatives  that 
are  equally  valuable  as  antiseptics  and  possessing  less  irritating  properties. 
Among  these  derivatives  are  found  the  following  : 

Betol  is  naphthol  salol  or  naphthol  salicylate,  CioHTCKDCGeHiOH,  and  is  made  by 
treatment  of  tne  betanaphthol  sodium  compoimd  with  salicylic  acid,  in  the  presence 
of  phosphorus  oxychloriae.  The  action  of  betol  is  similar  to  salol,  except  that  when 
it  enters  the  intestines  it  decomposes  into  naphthol  instead  of  phenol. 

Betol  is  given  in  doses  of  1  Gm. 

Alphanaphthol. — ^This  naphthol  derivative  is  said  to  act  as  a  germicide  in  the 
proportion  of  1 :  4000,  and  is  also  said  to  be  one-third  as  poisonous  as  is  betanaphthol. 

Dose. — I  Gm. 

BenzonaphthoL — ^This  is  betanaphthol  benzoate,  and  is,  therefore,  the  bensoic 
acid  ester  of  naphthol,  and  is  prepared  by  combining  naphthol  with  benzoyl  chloride. 
It  is  a  valuable  intestinal  antiseptic,  and  given  in  I-Gm.  doses. 

Naphtholaristol. — ;Di-iodo-betanaphthol.  This  is  an  iodine  derivative  of  naphthol, 
and  is  used  as  an  antiseptic,  under  the  name  iodonaphthol. 

Hydronaphthol. — This  is  a  proprietary  naphthol  derivative,  said  to  be  beta- 
naphthol, but  this  statement  is  denied  by  the  manufacturer,  who  claims  it  is  a  product 
of  the  reduction  of  betanaphthol. 

OH 
AsaproL — ^This  is  a  calcium  betanaphthol  monosulphonate,  (GioH6<gQ  ^tGa.     It 

is  sometimes  called  abrastol.  and  is  used  as  an  antipyretic  in  0.3  to  1-Gm.  doses. 

Aliunnol  is  aluminum  betanaphthol  disulphonate;  that  is,  the  aluminum  salt 

OH 
of  the  acid,  OioHs(S03H)s.     It  is  used  as  an  astringent  and  antiseptic,  almost  en- 
tirely externally. 

Naphtfao  Quinones. — These  exist  in  the  alpha  and  beta  forms.     The  alpha  variety 
has  the  formula 

<i         A  tH 

and  yields  several  important  dye-stuffs. 

ANTHRACENE 

Formula,  CuHio.  This  substance,  which  was  discovered  by  Dumas 
and  Lamant  in  1835,  is  of  importance  in  pharmacy  only  because  of 
its  medicinal  derivatives.  The  substance  itself  is  foimd  in  coal-tar, 
and  is  obtained  from  same  by  fractional  distillation.  It  can  also  be 
made  by  passing  simple  organic  substances,  such  as  methane,  ethylene, 
or  alcohol,  through  r^-hot  tubes. 
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Three  S3mtheses  of  anthracene  are  worthy  of  mention  as  establishing  the  struc- 
tural formula  of  the  body.  The  first  synthesis  is  its  production,  by  treatment  of 
orthotolyl-phenyl-ketone,  with  zinc-dust.  This  reaction  is  best  shown  by  the  fol- 
lowing graphic  equation : 

COv  CH 

CHj  CH 

It  can  also  be  made  from  orthobrombenzyl  bromide,  treating  same  in  ethereal 
solution  with  sodium,  thus  removing  the  bromine,  witn  the  formation  of  hydro- 
anthracene: 

<Br  HrCHtv.  /CHrv 

+  >C,H4     +     Na4     =     4NaBr     +    C^hZ         >C«H4. 

CH,Br  Br/  ^CH/ 

And  this,  when  treated  with  an  oxidizing  agent,  yields  anthracene. 

A  third  synthesis  of  anthracene  is  by  treating  benzene  with  tetrabromethane 
in  the  presence  of  aluminum  chloride,  as  is  shown  in  the  equation  given  below: 

BrCHBr  /CHv 

CeHe     -f  T  -h     CHe     =     4HBr     +     CJlZT     >CdHi. 

BrCHBr  ^CH/ 

It  may  be  recalled  that  naphthalene,  when  treated  with  nascent  hydrogen,  easily 
added  four  atoms  of  hydrogen,  and  with  difficulty  six  more  were  persuaded  to.  go 
on.  Anthracene,  likewise,  easily  adds  four  atoms  of  hydrogen,  and  imder  additional 
treatment  it  can  be  made  to  take  up  ten  extra  atoms  of  hydrogen,  this  seeming  to 
point  to  the  existence  of  seven  double  bonds,  two  of  which  are  more  easily  replaceable 
than  the  other  five. 

The  structure  of  anthracene  is  deduced  from  the  following  considerations: 

First,  it  must  possess  two  benzene  rings,  this  being  proved  by  the  synthesis  of 
orthotolylphenyl  ketone  and  by  the  hydroanthracene  synthesis. 

Secondly,  the  middle  ring  proceeds  from  the  ortho  position  of  both  benzenes; 
this  being  proved  bv  the  sjmthesis  with  orthobrombenzyl  bromide. 

Thir(uy,  the  middle  rin^  has  an  ethylene  bond  extending  between  its  two  indi- 
vidual carbon  atoms;  this  is  shown  by  the  hydro-anthracene  synthesis. 

Fourthly,  this  ethylene  bond  is  weaker  tlian  the  others,  as  shown  by  the  ease 
with  which  the  two  hydrogens  are  added. 

Fifth,  that  each  of  the  two  benzene  rings  have  three  ethylene  bonds;  this  being 
proved  bjr  the  fact  that  the  body  absorbs  ten  other  atoms  of  hydrogen,  but  that  with 
more  difficulty  than  did  the  first  two. 

From  these  facts  the  characteristic  formula  of  anthracene,  shown  below,  is 
deduced: 

H     H       H 
C     C       C 


h/Y 

Hi     A 


V\ 


I   Ah 

YVY 

H     H      H 

Anthraquinone. — Formula,  C]4H802.  This  is  an  anthracene  deriva- 
tive in  which  two  hydrogen  atoms  have  been  replaced  by  two  oxygen 
atoms.  It  is  made  by  the  treatment  of  phthalic  acid  anhydride  with 
benzene  in  the  presence  of  aluminum  chloride,  this  yielding  orthobenzoyl 
benzoic  acid,  which  substance  is  converted  into  anthraquinone  when 
treated  with  phosphorus  pentoxide: 

(a)  C,H<        >0     4-     CdHe  (+A1C1,)    -*    C*H4<        ^^C.H» 

(6)   C*H4<;       ^"^eHs    (+P»0*)    -»    C*H4<       >C*H4. 
^COOH  XX)/ 
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This  reaction  led  to  the  conclusion  that  the  graphic  formula  of  anthra- 

quinone  is 

H  H 

C     CO  C 

HC     C     C     CH 

ei    <!    .!    in 

H  H 

or,  schematically, 


Anthraquinone  can  also  be  made  by  the  oxidation  of  anthracene  with 
chromic  acid. 

Anthraquinone  is  of  little  importance  in  pharmacy,  but  the  oxy- 
derivatives  of  it  are  worth  more  than  passing  notice.  Among  these  we 
find  alizarinej  which  is  dioxyarUhraquinone: 


This  substance,  which  is  a  coloring  constituent  of  madder,  was  isolated  from  that 
dye-stuff  bjr  Graebe  and  Lieberman  in  the  year  1867,  while  in  1879  they  accomplished 
its  synthesis  by  treating  phthalic  acid  anhydride  with  pyrocatechm.  Madder  is 
the  ground  root  of  AnchtLsa  tinctorUiy  and  formerly  one  of  the  staple  dveinj;  materials 
was  an  infusion  of  this  substance,  which  yielded,  in  the  presence  of  alummum  salts, 
characteristic  scarlet  dyes.  The  madder  industry  represented  an  important  item 
in  the  agriculture  of  southern  France  until  the  discovery  of  synthetic  aUsarine,  since 
which  time  the  industry  has  been  practically  ruined.  The  French  government,  how- 
tever,  still  directs  the  use  of  the  natural  dye  for  the  red  trousers  of  its  soldiers;  so  some 
little  continues  to  be  produced  for  this  purpose. 

Oxy-metiiylanthraquinone, 

0     CH, 

\/\/NoH 


This  substance  was  discovered  by  Tschirch  in  his  valuable  researches 
of  the  active  principles  of  the  well-known  purgative  resins,  and  considered 
by  him  as  the  fundamental  purgative  principle. 

Dioxymethylanthraquinonei  or  chryaophanic  acid, 

OH 

O     OH 

This  substance  represents  an  active  purgative  principle  of  chrysa- 
robin,  senna,  rhubarb,  cascara  sagrada.  Note  that  this  is  not  the 
chrysophanic  acid  of  commerce,  that  name  being  erroneously  applied 
to  the  natural  product  which  the  pharmacopcsia  calls  cluysarobin 
(p.  793). 
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Triozjrmetfaylanthraquinone,  or  emodin.  This  is  one  of  the  important 
purgative  principles  found  in  rhubarb,  frangula,  and  aloes. 

AccordiQg  to  Oesterle,  the  emodinB  from  these  three  sources  are  not  identical, 
differing  in  the  exact  location  of  the  methvl  and  hydroxvl  groups.  Thus  rhubarb 
emodin  he  considers  as  having  formula  I  (below)  while  aloe-emodin  he  thinks,  has 
formula  II. 

I  II 

OH    O    OH  OH    O    OH 

Tetrao3grm«tiiylanthtaqumone, 

O    OH 

Tetraoxymethylanthraquinone  is  called  aloexavihin,  being  one  of 
the  less  important  constituents  of  aloes.  Aloin,  accordiiig  to  Tschirch, 
is  a  body  having  the  following  graphic  formula: 

O    OH 

A 
HOH 

although  commercial  aloin  is  usually  a  glucosidal  mixture,  or,  as  the 
U.  S.  P.  states  it,  **a  mixture  of  pentosides." 
Diozycarbozyanthraquipone,  or  r/ietn, 

OHO     OH 

y— COOH 

is  an  important  constituent  of  rhubarb. 

DRUGS  CONTAINING  THE  ANTHRAQmNONE  PURGATIVES 

RHEUM— Rhubarb 

The  rhizomes  and  roots  of  Rheum  officinale  Baillon,  Rheum  palmalum  Iinn6,  and 
the  var.  tangtUicum  Maximowicz  (Fam.  PolygofuicecB),  and  probably  other  species  of 
Rheum  ^wing  in  China  and  Thibet,  deprived  of  most  of  the  bark  tissues  and  care- 
fully dried.  Preserve  Rhubarb  in  tightly  closed  containers,  adding  a  few  drops  of 
chloroform  or  carbon  tetrachloride,  from  time  to  time,  to  prevent  attack  by  insects. 

Constituents. — Chrysophanic  acid;  emodin  and  its  methyl  ether;  rhein, 
gallic  acid  and  tannin,  resin ;  volatile  oil  (trace) ;  etc.  The  resin  is  a  com- 
bination of  a  phjrtosterol,  verosteroly  with  palmitic,  oleic,  linoleic  and 
linolenic  acids. 

Remarks. — Rhubarb,  one  of  our  most  valuable  medicines,  is  the  sliced 
and  dried  root  of  Rheum  officinale.  Study  its  constituents  very  carefully, 
noting  that,  besides  the  cathartic  anthraquinone  derivatives,  it  contains 
an  astringent — ^rheotannic  acid — ^and,  therefore,  while  the  drug,  adminis- 
tered alone,  has  a  purgative  action,  when  combined  with  aromatics  it 
acts  as  an  astringent.  This  explains  why  aromatic  syrup  of  rhubarb 
checks  diarrhea,  while  syrup  of  rhubarb  is  a  laxative. 

The  present  pharmacopoeia  provides  tests  for  the  presence  of  emodin 
and  of  chrysophanic  acid  in  rhubarb.    The  drug  is  heated  with  1  per 
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cent,  potassium  hydroxide  solution;  the  filtrate  is  acidulated  with  hydro- 
chloric acid  and  is  then  shaken  out  with  ether;  the  yellow  ethereal  extract 
when  shaken  with  ammonia  water  gives  a  cherry  red  ammoniacal  layer 
(emodin)  and  a  yellow  ethereal  layer  (chr3^ophanic  acid). 

Torrefied  rhubarb  (p.  84)  is  the  roasted  drug.  The  tannin  is  thus 
destroyed,  and  the  pure  purgative  results. 

Medicid  Properties. — Cathartic  and  astringent  (see  above).  Official 
preparations:  Fluidextract  (p.  244),  tincture  (p.  232),  aromatic  tincture 
(p.  232),  extract  (p.  279),  compound  powder  (p.  293),  and  compound  pills. 
The  syrup  (p.  198),  is  made  from  the  fluidextract,  while  the  aromatic 
syrup  (p.  199)  is  made  from  the  aromatic  tincture. 

Dose. — Of  drug,  1  gramme  (15  grains). 


FRANGULA— Frangula 
(Frang. — Buckthorn  Bark) 

The  dried  bark  of  Rhamnus  Frangula  Linn^  (Fam.  RhamnacecB). 

Constituents.— Bhamnoxanthin  (or  frangvUn),  which  has  been  proved  a 
mixture  o{  frangulinic  acid  and  emodin;  tannin,  bitter  resin,  etc. 

Medical  Properties. — Cathartic.  Administered  in  the  form  of  the 
official  fluidextract  (p.  246). 

Dose. — 1  gramme  (15  grains). 

CASCARA  SAGRADA— Cascara  Sagrada 
(Case.  Sagr. — ^Rhamnus  Purshiana,  U.S.P.  VIII) 

The  dried  bark  of  the  trunk  and  branches  of  Bhamnus  Purshiana  De  CandoUe 
(Fam.  Rhamnaceas). 

Constituents. —Chrysophsjiie  acid,  emodin,  bitter  resins,  etc. 

Remarks. — Cascara  sagrada  is  one  of  our  most  popular  purgatives. 
Its  chief  drawback  is  its  bitter  taste,  but  it  has  been  found  that  the 
bitterness  resides  largely  in  a  fesinous  principle,  and  can  be  removed 
by  treatment  with  alkali,  without  seriously  lessening  the  purgative 
action  of  the  drug.  This  fact  is  applied  in  the  manufacture  of  the 
official  aromatic  fluidextract,  where  the  bark  is  freed  from  bitterness 
by  treatment  with  magnesia. 

Both  frangula  and  cascara  sagrada  in  fresh  condition  contain  a  fer- 
ment which  causes  griping,  and  which  is  dissociated  on  allowing  the 
bark  to  age;  hence  the  last  pharmacopoeia  required  that  both  barks 
be  at  least  one  year  old  when  used.  As  the  pharmacist  can  never  tell 
whether  the  fluidextract  purchased  in  the  open  market  has  been  made 
from  the  green  bark,  the  only  safe  course  is  to  make  his  own  fluidextract 
from  bark  that  he  has  kept  in  stock  for  one  year.  It  is  claimed,  however, 
that  heating  the  bark  for  a  few  hours  at  lOO^C.  destroys  the  ferment, 
and  that  barks  can,  therefore,  be  aged  in  this  way. 

Medical  Properties. — Purgative  of  great  service.  There  is,  however, 
danger  of  contracting  the  '*  cascara  habit."  The  extract  (p.  274),  fluidr 
extract  (p.  246),  and  the  aromatic  fluidextract  (p.  247)  are  official. 

Dose. — 1  gramme  (15  grains). 
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SENNA— Senna 

(Senn.) 

The  dried  leaflets  of  Cassia  acutifclia  Delile^  known  in  commerce  as  Alexandria 
Senna,  or  of  Cassia  angustifolia  Vahl,  known  m  commerce  as  India  Senna  (Fam. 
Lfguminoscs),  without  the  presence  or  admixture  of  more  than  10  per  cent,  of  stem 
tissues,  pods,  seeds  and  other  impurities. 

Constituents.  —  Rhein,  cdoe-emodin  and  their  glucosides;  kcemferol  (a  tri- 

hydroxy-flavenol)  and  its  glucoside;  volatile  oil  (trace);  resins;  salicylic 

acid ;  etc. 

The  resins  are  combinations  of  a  phjrtosterol  and  a  phytoeterolin,  with  fatty  acids 
(palmitic,  stearic,  etc.)-  ,  Cathartic  acid,  of  older  investigators  is  now  known  to  be  a 
mixture.  The  ash  of  Tinnevelly  senna  contains  considerable  magnesium.  Alexand- 
rian senna  has  the  same  constituents  as  Tinnevelly  except  it  contains  some  iso-rham- 
netic  acid  and  no  magnesium. 

Remarks. — Senna  represents  the  leaflets  of  two  plants,  Cassia  acvii- 
folia  being  the  source  of  the  drug  shipped  from  Egypt,  and  Cassia 
angustifolia  yielding  that  exported  from  India.  Tinnevelly  Senna  is  a 
fine  variety  coming  from  India.  Strong  alcohol  removes  the  griping, 
resinous  principle  without  extracting  the  true  purgative  constituent, 
and  this  idea  was  employed  in  the  recipe  for  the  fluidextract  given  in  the 
last  pharmacopoeia. 

Medical  Properties. — Cathartic.  Official  preparations:  The  fluid- 
extract  (p.  244)  and  compound  infusion  (p.  217),  syrup  of  senna  (p.  200) 
is  made  from  the  fluidextract.  Senna  is  a  constituent  of  compound 
powder  of  glycyrrhiza  (p.  293)  and  the  fluidextract  is  used  in  making 
compound  syrup  of  sarsaparilla. 

Dose. — Of  drug,  4  grammes  (60  grains). 

ALOE — ^Aloes 

The  inspissated  juice  of  the  leaves  of  Aloe  Perryi  Baker,  yielding  Soootnne  Aloes; 
or  Aloe  vera  Tjinn^,  yielding  Guragao  Aloes;  or  of  Aloeferoz  Miller,  yielding  Oipe 
Aloes  (Fam.  LUiacece). 

Constituents. — Aloin,  emodin,  resin,  etc. 

Remarks. — It  will  be  noted  that  the  official  definition  given  above 
mentions  three  sources  of  aloes.  The  plant  Aloe  vera  furnishes  Curasao 
aloes,  Aloe  Perryi  yields  Socotrine  aloes,  while  Aloe  ferox  furniahes  Cape 
aloes.     The  aloins  from  these  three  varieties  are  not  identical. 

In  passing  it  might  be  stated  that  these  plants  have  huge  succulent 
leaves,  Uke  those  of  the  centxiry  plant,  and  that  the  drug  is  obtained  by 
cutting  these  leaves  from  their  base,  allowing  the  juice  to  drain  (in  proper 
varieties  the  leaves  are  expressed),  and  permitting  it  to  dry  in  the  sun. 

Medical  Properties. — ^Laxative,  purgative,  emmenagogue.  Official 
preparations:  pills  (p.  311),  and  tincture  (p.  222).  Aloes  is  also  a  con- 
stituent of  compound  extract  of  colocynth  (p.  275),  compound  pills  of  rhvr 
barb  (p.  312)  and  compound  tincture  of  benzoin  (p.  224). 

Dose. — 250  miUigrammes  (4  grains). 

Aloe  Purificata  (U.S. P.  VIII)  is  aloes  purified  by  mixing  with  enough  alcohol  to 
make  a  liquid  that  can  be  strained  through  a  No.  oO  sieve,  and  the  strained  liquid 
is  then  freed  from  alcohol  by  evaporation  on  a  water-bath.  In  other  words,  the 
process  is  purely  mechanical,  the  object  being  to  free  crude  aloes  from  dirt,  straw^  and 
other  insoluble  impurities,  in  the  past,  commercial  aloes  was  so  impure  that  purifica- 
tion was  imperative,  but  thanks  to  the  pure  food  and  drug  law  and  the  more  rigid  in- 
spection of  drugs  as  they  pass  through  the  ports  of  entry,  the  quality  of  aloes  haa 
greatly  improved. 
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ALOINUM— Aloin 
(Aloin.) 

A  pentoside  or  mixture  of  pentosides  obtained  from  aloes,  varying  in  chemical 
composition,  physical  and  chemical  properties  according  to  the  source.  Preserve  it 
in  well-closed  containers,  protected  from  light. 

Summarized  Description, 

Micro-crystalline  powder  or  minute  acicular  crystals;  color  lemon  yellow  to  dark' 
yellow;  not  more  than  faint  odor  of  aloes;  intensely  bitter  taste;  darkens  on  exposure 
to  light  and  air;  soluble  in  water,  alcohol  and  acetone;  slightly  soluble  in  ether.     For 
details  see  U.S.P.,  p.  38. 

For  tests  for  iaerUity,  for  impuriiies:  Emodin  (benzene  solution  gives  no  more 
than  faint  pink  color  to  ammonia  water)  see  U.S.P. 

Composition, — The  chemistry  of  this  body  has  been  already  discussed  (p.  790). 

Manufacture. — ^Aloes  is  treated  with  acidulated  water  hot,  and  the 
infusion  allowed  to  stand  a  day;  the  clear  liquid  is  decanted  from  the 
sediment,  concentrated  at  low  heat,  and  set  in  a  cool  place,  when  the 
aloin  will  separate  in  minute  crystals.  This  crude  aloin  is  then  purified 
by  recry^tallization  from  hot  water.  It  is  also  made  by  treating  an  acid 
infusion  of  aloes  with  alkali  and  solution  of  calcium  chloride.  A  combina- 
tion of  aloin  with  calcium  is  effected,  and  this  separates  out,  the  calcium 
being  eventually  removed  by  solution  in  diluted  hydrochloric  acid.  The 
mixture  is  then  treated  with  hot  water,  in  which  the  resulting  calcium 
chloride  is  very  soluble,  while  the  less  soluble  aloin  crystallizes  from  the 
solution  on  cooling. 

Remarks, — While  in  the  last  pharmacopoeia  the  aloin  from  Cura9ao 
aloes  was  given  the  preference,  in  the  present  edition,  any  of  the  several 
aloins  can  be  employed.  Hence  there  has  been  omitted  Histed's  test, 
that  well-known  reaction  based  upon  the  behavior  of  the  several  forms  of 
aloin  when  treated  with  concentrated  nitric  acid.  With  this  reagent 
Curajao  aloin  turns  cherry  red;  nataloin  (that  from  Natal  aloes)  turns 
vivid  crimson;  Socaloin  (that  from  Socotrine  aloes)  is  not  colored;  while 
capaloin  (that  from  Cape  aloes)  turns  a  permanent  green. 

Medical  Properties. — Purgative. 

Dose, — 15  milligrammes  (J^  grain). 

« 

CflRTSAROBmUM— Chrysarobin 
(Chrysarob.) 

A  mixture  of  neutral  principles  extracted  from  Cjoa  Powder,  a  substance  found 
deposited  in  the  wood  of  Vouacapoua  Araroba  (Aguiar)  Diruce  (Fam.  Leguminosas), 
Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

Brownish  to  orange-yellow,  micro-crystalline  powder;  irritating  to  the  mucous 
membrane;  soluble  in  about  4800  parts  of  water  and  in  about  310  parts  of  alcohol; 
also  soluble  in  chloroform,  ether,  benzene  and  carbon  disulphide.  For  details  see 
U.S.P.,  p.  110. 

For  tests  for  identUyj  for  impurities:  Chrysophanic  acid  (yellow,  not  violet-red, 
when  treated  with  fummg  nitric  acid  and  then  with  ammonia  water;  aqueous  solu- 
tion not  colored  by  a  few  drops  of  ferric  chloride  solution)  see  U.S.P.,  p.  111. 

Constituents. — Emodin  monomethyl  ether,  anthranol  of  chrysophanic 
acid,  ararobinol,  C2SH16O5,  sugar,  etc. 

Extraction. — Chrysarobin  is  obtained  from  Goa  powder  by  extraction 
with  hot  chloroform,  evaporation  of  the  chloroformic  solution  to  dryness, 
and  powdering  the  residue. 

Remarks. — Chrysarobin^  long  and  improperly  called  chrysophanic  acid, 
is  a  derivative  of  Goa  powder,  a  waste-product  of  the  tree  Vouacapoua 
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Araroba.  While  excellent  for  skin  diseases,  chrjrsarobin  is  objectionable 
by  reason  of  the  stain  it  produces. 

Medical  Properties. — ^Drastic  purgative.  Generally  used  externally  in 
skin  troubles  in  the  form  of  the  official  ointment  (p.  332). 

Dose. — 30  milUgrammes  (J^  grain). 
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Pereira,  A.J.P.,  24,  1852,  231:  Groves,  A.J,P.,  29,  1857,  142.  (Constituents)  Peieira, 
Groves,  see  above;  Tilden,  Ph.  Jl.,  [3],  1,  1870,  375  and  [3],  2,  1872,  845;  Leger, 
A.Ph.A.,  58,  1910,  379;  Oesterle  and  Riat,  A.Ph.A.,  58,  1910,  379  and  381. 

Purified  Afoe«.— Procter.  A.J.P.,  36,  1864,  300. 

illoin.— (Extraction)  iSlden,  A.J.P.,  43,  1871,  34;  MitcheU,  A.J.P.,  48,  1876,  24. 
(Histed's  test)  Fltickiger,  Arch.  d.  Pharm.,  199,  1872,  15. 

CAry«aro6tn.— (Sources)  Lima,  Ph.  Jl.,  [3],  6,  1875,  723;  Holmes,  Ph.  Jl.,  [3],  5, 
1875,  801  and  816.  (Constituents)  Attfield,  Ph.  Jl.,  [3],  5,  1875,^721;  Tutin  and 
Clewer,  Jl.  Ch.  Soc.,  101,  1912,  290. 


THE    PYRIDINE    AND   QUINOLINE    DERIVATIVES  795 


CHAPTER  L 

THE  PYRIDINE  AND  QUINOLINE  DERIVATIVES 

It  may  be  recalled  (p.  682),  that  we  have  already  considered  a  nitrogen 
compoxind,  pyrrol,  having  the  formula  C4H4N.  Pjnidine  is  a  ring  com- 
pound sinular  to  pyrrol,  but  having  the  formula  CgHsN.  It  occurs  in 
coal-tar,  and  has  the  disagreeable  odor  of  bone  oil. 

It  can  be  made  by  treating  piperidine  with  concentrated  sulphuric 
acid  at  a  temperature  of  300**C.,  piperidine,  CsHnN,  being  made  by 
heating  pentamethylene-diamine  hydrochloride.  It  can  also  be  made 
from  quinoline. 

Pyridine  resembles  benzene  in  being  oxidized  with  difficulty,  and 

having  the  power  to  absorb  six  atoms  of  hydrogen  or  of  any  halogen. 

From  this  behavior  and  other  reactions  it  is  assumed  that  the  formula  of 

pyridine  resembles  that  of  benzine,  except  that  in  place  of  one  of  the 

carbon  atoms  in  the  benzine  ring  an  atom  of  nitrogen  is  substituted, 

giving  the  graphic  formula — 

H 
C 

H(/  CH 

HC      CH 

N. 

Pyridine  is  a  colorless  liquid,  which,  on  account  of  its  nauseating 
taste,  is  used  for  denaturizing  alcohol — i.e.,  for  adding  to  alcohol  which 
is  to  be  used  in  the  arts — and  is,  therefore,  permitted  to  be  sold  without 
the  revenue  tax.  The  addition  of  the  disagreeable  constituent,  pyridine, 
renders  the  use  of  such  alcohol  impossible  as  a  beverage,  and  therefore  ac- 
complishes the  purpose  desired  by  the  government.  Pyridine  is  also 
used  in  asthma  by  inhalation,  and  is  sometimes  administered  internally 
in  doses  of  2  to  10  minims. 

Quinoline. — Formula,  C9H7N.  This  substance,  which  is  closely  allied  to  py- 
ridine, occur<i,  like  it.  in  coal-tar  and  also  in  bone  oil. 

Quinoline  is  maae  by  Skraup's  reaction,  which  consists  of  treating  aniline  with 
glycerin  in  the  presence. of  sulphuric  acid  and  nitrobenzene. 

Quinoline. 
Glycerin.  CH 

Aniline.  CHjOH  Acrolein-aniline.  /\ 

H  I  H  /         CH 

CJl4<j^jj^  -h  CHOH->^«^*<NHCH=CH— CHO-^CeHn  I 

I  \       CH 

CH,OH  W 

It  can  also  be  made  by  dehydrating  ortho-amido-cinnamic  aldehyde. 

CH 

p  rx  ^  CH  « CH— CHO  /      CH 

^6±i4<j^jj^  =  H,0  +  cja*        J 

\      CH 

N 

On  oxidation,  quinoline  yields  pyridine  dicarbonic  acid,  thus  showing  that  it  has 
a  pyridine  ring  in  its  structure.     It  absorbs  hydrogen  in  a  way  which  indicates  that 
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not  only  does  it  possess  a  pyridine  ring,  but  also  a  benzene  ring,  and  to  the  substance 
is,  therefore,  assigned  the  following  graphic  formula: 

H     H 

h/y\h 

HC     C     CH 

YY 

H 

Besides  the  methods  of  synthesis  of  quinoline  ^iven  above,  the  chemical  has  been 
produced  by  the  fusion  of  quinine  with  potassium  hydroxide,  and  it  was  by  this 
means  that  the  compound  was  discovered  and  received  its  name. 

ACIDUM  PHENYLCINCHONINICUM— Phenylcinchoninic  Acid 

(Add.  Phenyldnch. — Phenyl-quinoline-carboxylic  Acid) 

An  organic  acid,  2-phenyl-quinolin-4-carboxylic  acid  [CieHnNOs  or  CeHs-CfHtN.- 
(CXX)H) =249.10]. 

Summarized  Deacription. 

Small  colorless  needles,  or  white  or  yellowish-white  microcrystalline  powder; faint 
odor  suggesting  benzoic  acid:  bitter  taste;  insoluble  in  cold  water;  slightly  soluble  in 
cold  alcohol  and  ether.  Melts  at  210^  with  partial  decomposition.  For  details  see 
U.S.P.,  p.  20. 

Remarks. — This  new  official  synthetic  is  largely  used  xinder  the  trade 
name  aiophan.  It  is  a  derivative  of  quinoline  and  the  figures  given  in  the 
official  definition  represent  the  carbon  atoms  of  the  quinoline  nucleus  to 
which  the  phenyl  and  the  carboxyl  groups  »are  attached.  The  graphic 
formula  given  bdow  make  this  more  plain. 

COOH      H 
C  C 

/©\  /  \ 
HC©        C         CH 


CHfiC®        C         CH 

%®/  \/ 

C  N 

H  H 

Atophan  occurs  in  colorless  needles,  melting  at  2I0^C.  It  is  insoluble 
in  cold  water  and  has  a  slightly  bitter  taste.  It  is  used  in  gout,  since  it 
is  supposed  to  increase  the  uric  acid  excretion. 

Dose. — 500  milligrammes  (8  grains). 

Novatophan  is  ethyl-methyl-atophan.     It  has  the  advantage  over  atophan  of  being 
tasteless.     It  is  given  in  the  same  dose  as  atophan. 

ALKALOIDS 

Alkaloids  are  an  important  class  of  plant  bases  having  complex 
composition;  in  fact,  some  chemists  considering  the  phrase  '' alkaloid" 
as  covering  only  those  basic  organic  substances  whose  chemistry  is 
not  clearly  defined.  This  statement,  while  extreme,  is  partially  justified 
by  the  fact  that,  as  alkaloidal  bodies  are  studied,  they  are  frequently 
assigned  to  other  divisions  of  chemistry.  Thus  betaine  from  beets  is 
now  grouped  among  the  derivatives  of  glycocol,  or  amidoacetic  acid. 
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CHsNHa  (p.  604);  choline  from  bile  is  classed  as  a  derivative  of  tetra- 

I 
COOH  _ 

methyl  ammonium  hydroxide,  |l|==>vTT  '"^^   (p.   670);   while    caffeine    is 

now  considered  as  a  uric-acid  derivative  (p.  678)  the  pharmacopoeia 
dropping  the  word  ** alkaloid"  in  discussing  it,  calling  it  "a  feebly  basic 
substance."  There  still  remains,  however,  a  distinct  class  of  bodies 
which  we  can  call  alkaloids;  the  new  definition  for  alkaloids  being 
nitrogenous  plant  bases,  which  are  derivatives  of  pyridine,  quinoline,  or 
similar  ringed  bodies. 

Hence  it  is  necessary  to  drop  the  old  classification  of  alkaloids  and  turn  to  the 
new,  but  before  so  doing  it  is  advisable^  from  the  historic  point  of  view,  to  discuss 
a  few  phases  of  the  old  alkaloidal  classification  still  dear  to  the  present  generation  of 
pharmacists,  at  the  same  time  calling  attention  to  the  fallacies  found  in  each  state- 
ment, which  in  most  cases  consist  in  the  fact  that  while  the  statement  is  true  for 
alkaloids  it  also  applies  to  other  substances  no  longer  considered  alkaloids. 

I.  "Alkaloids  are  basic,  turning  red  litmus-paper  blue,  and  combining  with  acids 
to  form  salts."  True,  but  so  do  other  bodies,  such  as  methylamine  (p.  586)  and 
aniline  (p.  694). 

II.  'Alkaloids  are  nitrogen  bases,  and  are  built  on  the  ammonia  type/'  True, 
but  so  are  such  compounds  as  mono-,  di-,  and  tri-methylamine,  and  tetramethyl 
ammonium  iodide  (p.  574). 

Before  leaving  this  subject,  however,  it  is  well  to  emplov  it  in  order  to  e^lain  whv 
the  formula  of  any  alkaloidal  salt  is  the  formula  of  the  alkaloid  from  which  derived, 
plus  the  formula  of  the  acid,  indtuting  its  hydrooen.  Thus  the  formula  of  morphine 
hydrochloride,  U.S.P.  VIII,  is  CitHwNOsHCI,  while  the  formula  of  morphine,  U.S.P. 
VIIL  is  Ci7Hi«N08. 

We  have  already  learned  (p.  449)  the  formation  of  a  salt  from  ammonia  was  dif- 
ferent from  the  formation  of  a  sodium,  potassium,  or  any  other  metallic  salt,  the 
reaction  being  graphically: 

NHs     +     HCl     =     NH4CI  1^— H     +     HCl     = 


N 


— H 


On  this  ammonia  type  are  the  alkaloids  built,  one,  two.  or  all  the  hydrogen  atoms 
being  replaced  by  complex  organic  radicles;  thus,  one  of  the  simplest^  coniine.  is — 

C5H9     =     NH 

C3H7, 
and  just  as  NHi+HCl  =  NH4Cl,  as  shown  above,  so  does  coniine  plus  hydrochloric 
acid  combine  as  follows : 

ti 

I— CI. 


Dine  as  toiiows : 

C»Hj=NH  I  W— H   or  |\l 

I  +  HCl     =      C,Ht  ll— CI  \\ 

CH,  I    ■ 


Even  so  does  the  valence  of  the  nitrogen  in  morphine  change  from  iii  to  v  in 
the  conversion  of  the  free  alkaloid  into  the  salt.  This  also  explains  why  the  salt  is 
named  morphine  hydrochloride  (hydrochlorate,  U.S.P.  1890),  and  not  morphine 
chloride. 

III.  ''There  are  a  special  line  of  reagents  producing  precipitates  with  alkaloids. 
Such  alkaloidal  precipitants  are  Mayer's  reagent  (potassio-mercuric  iodide,)  gold 
chloride,  tannic  acid,  etc."  True,  but  these  same  reagents  precipitate  almost  any 
amido  derivative. 

IV.  "Alkaloids  are  grouped  into  the  amines  (liquid  alkaloids)  and  the  amides 
(solid  alkaloids).''  By  amines  we  mean  those  bodies  having  the  general  formula 
RNHs  (p.  573),  while  amides  are  those  bodies  having  the  general  formula  RCONHa — 
that  is,  where  the  hydroxyl  of  the  carboxyl  group  is  replaced  by  the  NHa  group.  The 
statement  that  the  solid  alkaloids  are  amides  is  not  whollv  true,  as  the  soud  alkaloids, 
atropine,  cocaine,  and  morphine,  do  not  contain  the  RCfONHi  group. 
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Alkaloids  are  either  solid  or  liquid,  the  greater  number  of  them  being 
solid.  Among  the  liquid  alkaloids  that  might  be  mentioned  are  nicotine, 
coniine,  and  lobeUne.  No  fixed  rule  can  be  given  as  to  the  difference  in 
the  structure  between  the  solid  and  the  liquid  alkaloids;  the  general  state- 
ment that  the  liquid  alkaloids  are  free  from  oxygen  is  not  always  true. 
Thus,  the  liquid  alkaloid  pelletierine  contains  oxygen. 

Alkaloids  usually  occur  in  the  form  of  salts,  the  most  abundant 
natural  alkaloidal  combinations  being  citrates,  malates,  and  tannates. 
The  alkaloids  found  in  cinchona  are  generally  salts  of  quinic  acid,  while 
the  alkaloids  of  opium  are  usually  combined  in  the  drug  with  meconic 
acid.  So  far,  very  few  alkaloids  have  been  found  in  monocotyledonous 
plants,  the  only  two  of  importance  derived  from  plants  of  that  order 
being  colchicine  and  veratrine,  the  greater  majority  of  the  alkaloids  being 
found  in  the  plants  of  the  diocotyledonous  series,  although  curious  to 
relate,  two  of  the  most  important  families  of  this  group,  the  two  con- 
taining the  largest  number  of  species,  namely,  the  natural  orders  Com- 
posite and  Labiatse,  contain  no  alkaloids.  On  the  other  hand,  with 
some  plant  families,  such  as  the  Solanacese  and  Papaveraces,  almost 
every  represented  species  contains  alkaloids. 

As  to  nomenclature,  note  that  the  pharmacopoeia  reserves  the  termina- 
tion "ine"  for  alkaloids  only,  using  "in"  for  glucosides  and  neutral 
principles.  Other  countries  do  not  make  this  distinction,  terminating 
the  names  of  all  active  principles  of  drugs  with  "in."  For  comparison, 
let  us  tabulate  the  pharmacopoeial  Latin  and  EngUsh  names  of  a  typical 
glucoside  and  a  t3rpical  alkaloid: 

Latht  ENouaa 

Glucoside,  U.S.P.  VIII Salictniim.        Salicin. 

Alkaloid,  U.S.P.  VIII Quintna.  Quinin«. 

Alkaloid,  U.S.P.  1870 Quinia. 

The  last  termination  has  still  considerable  hold  in  the  Southern 
States,  where  there  are  often  calls  for  "sulphate  of  cinchonidia"  (now 
cinchonidina  in  Latin,  and  cinchonidine  in  English)  or  for  "quinia 
sulphas." 

EXTRACTION  OF  ALKALOIDS 

On  no  subject  in  pharmacy  does  there  seem  to  be  less  information  of 
recent  character,  than  there  is  as  far  as  the  commercial  extraction  of 
alkaloids  is  concerned.  This  is  partly  due  to  the  diversity  of  methods 
that  may  be  employed  for  each  drug;  as  well  as  the  fact  that  modem 
alkaloidal  plants  keep  their  processes  secret.  So  it  is  that  while  an  out- 
line of  extraction  is  given  under  each  alkaloid  discussed  on  the  pages 
which  follow  most  of  these  methods  are  those  published  by  earlier  writers. 

In  attempting  to  give  a  general  outline  of  the  way  that  alkaloids  are 
obtained,  it  may  be  said  that  the  drug  is  first  extracted  with  acidulated 
water  or  alcohol.  If  the  latter  menstruum  is  used,  the  alcohol  is  distilled 
oflf  and  the  residue  taken  up  with  acid,  and  this  acidulated  aqueous  liquid 
is  made  alkaline  with  potassa,  soda,  ammonia,  or  milk  of  lime — thereby 
liberating  the  alkaloid  which  precipitates  from  solution.  The  freed  alkar 
loid  is  either  collected  on  a  filter  and  purified  by  recrystallization  from  the 
appropriate  solvent  or  more  generally  while  still  in  the  liquid  is  '^  shaken 
out"  (p.  140)  with  a  solvent  immiscible  in  water — say  gasoline,  petro- 
leum ether,  chloroform,  or  ether.  The  freed  alkaloid  (Sssolves  in  this 
solvent,  the  solution  separated  from  the  now  exhausted  aqueous  layer, 
the  solvents  evaporated  off,  and  the  crude  alkaloid  purified  by  recrys- 
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tallization,  usually  as  a  salt  rather  than  as  the  free  alkaloid.     Of  course, 
this  bare  outline  omits  the  details  of  purification  employed  in  each  case,  * 
these  details  being  taken  up  in  discussing  the  individual  drugs. 

CLASSIFICATION  OF  ALKALOIDS 

Pyridine  derivalivea: 

Piperidme. 

Piperine. 

Coniine.  Nicotine. 

Pilocaipine,  U.S.P.  Sparteine,  U.S.P. 

Tropine  derivatives: 

Tropine.  Hyoscine. 

Atropine,  U.S.P.  Hyoscyamine,  U.S.P. 

Homatropine,  U.S.P.  Cocaine,  U.S.P. 

Scopolamine,  U.S.P.  Beta-eucaine,  U.S.P. 

Quinoiine  derivatives: 

Quinine,  U.S.P.  Strychnine,  U.S.P. 

Quinidine.  Veratrine,  U.S.P. 

Cinchonine,  U.S.P. 

Cinchonidine,  U.S.P. 

Phenylcinchoninic  acid,  U.S.P. 
Isoquinoline  derivatives: 

Isoquinoline.  Hydrastine,  U.S.P. 

Hydrastinine,  U.S.  P.' 
Pkenanthrene  derivatives: 

Morphine,  U.S.P.  Codeine,  U.S.P. 

Diacetyl-morphine,  U.S.P. 

Ethyl-morphine,  U.S.P. 

Apomorphme,  U.S.P. 
UnaUoited: 

Physostigmine,  U.S.P.  Pelletierine.  U.S.P. 

Aconitine,  U.S.P.  Emetine,  U.S.P. 

Colchicine,  U.S.P.  Comutine. 

The  other  alkaloids,  such  as  gelsemine,  ciasampeliney  etc.,  are  but 
little  understood. 

Note, — ^In  the  table  just  given,  alkaloids  to  which  the  initials  '^  U.S.P.''  are  ap* 
pended  are  official  either  as  free  alkaloid  or  as  a  salt.  In  other  words,  it  does  not 
necessarily  mean  that  the  free  alkaloid  is  official,  nor  that  none  of  its  salts  is  official. 

Group  I. — The  Pyridine  Dbrwativbs 

The  chemistry  of  pyridine  has  already  been  considered  on  p.  795. 
Its  hydrogen  compound,  heocahydropyridine,  C^HnN,  is  called  piperi- 
dine,  and  was  discovered  by  Rochleder  in  1849  on  heating  piperine 
with  soda  lime. 

Piperidine  is  obtained  from  cadaverine  (or  perUamethylene  diamine),  a  substance 
found  in  decaying  flesh.  On  heating  this  body  ammonia  is  driven  off,  with  the  for- 
mation of  piperidinp,  as  shown  below: 

Cadaverine.  Piperidine. 

/CHr-CH,NH,  yCHr-CH,v 

CH,<  -f  heat     «     NH,     +     CH,<  >NH. 

^CHr-CH,NHs  ^CHr-CH,/ 

Piperidine  is  here  mentioned  not  because  of  its  value  in  pharmacy,  but  because 
Hb  propyl  derivative  is  an  alkaloid  of  importance  by  reason  of  oeing  the  first  alkaloid 
made  synthetically.    This  alkaloid  is  coniine.     Coniine  was  isolated  by  Giesecke  in 
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1827  from  the  fruit  of  Canium  macuUUum.     It  is  alpha^propyl-piperidine,  and  its 
f  synthesis  was  accomplished  by  Ladenberg  in  1886  by  reduction  of  allyl-pyridine: 

Allyl-pyridine.  Coniine. 

CH  -  CH— <:;H,  CHr-CH,--CH, 

g-b  chJh 

/     \  /       \ 

HC  N       +    8H     -    CH>  NH 

C = C  CHi— CHi 

H    H 

Synthetic  coniine  is  identical  wich  the  natural  product  obtained  from  conium, 
except  that  it  is  optically  inactive,  while  the  natural  coniine  is  dextrogyrate.  As 
aln»Eidy  mentioned  on  p.  615,  when  an  inactive  form  of  an  optically  active  chemical 
is  known,  it  usually  consists  of  equal  quantities  of  the  dextrogyrate  and  the  hsvo^- 
rate  forms  of  this  substance.  Followmg  this  theory,  the  inactive  ssmthetic  conime 
must  be  a  mixture  of  the  dextrogyrate  and  the  Isevogyre  alkaloid.  Now,  if  the  natural 
coniine  is  the  dextrogyre,  while  the  artificial  is  a  mixture  of  the  dextrogyre  with 
Isvogyre.  it  follows  that  if  lsevog3nre  is  removed,  the  dextrogyre  will  remain,  and  by 
reason  of  this  theory  an  effort  was  made  to  remove  the  Isevogyrate  form  irom  the 
85[nthetic  inactive  product  by  special  crystallizations,  and  a  product  exactly  identical 
with  the  natural  was  obtained. 

As  mentioned  above,  coniine  is  the  alkaloid  found  in  Conium  macukUum^  and  is 
rarely  used  in  medicine. 

IHperina  (U.S.P.  VIII),  or  piperin^  is  a  feebly  basic  substance  obtained  from 
pepper.  In  preparing  it,  powdered  pepper  is  boiled  for  fifteen  minutes  with  milk  of 
lime.  The  mixture  is  evai)orated  to  dryness  on  a  water-bath  and  the  piperine  is  ex- 
tracted from  the  residue  with  ether.  The  crude  piperine  is  then  recrystaUized  from 
alcohol. 

Piperine  is  the  combination  of  piperidine  with  piperinic  acid,  and  has  been  made 
synthetically  from  these  substances,  viz. : 


Piperidine. 

Piperinic  acid. 

CH  =  GH— CH  «  CH— COOH 

CH, 

0 

H,C      CH, 

+ 

H,C        CH 

H,C       CH, 

H,c     a 

Yh 

Piperine. 

CH, 

/\ 

H,G        CH, 

H,0  + 

H,C       CH, 

Y 

00— CH« 

=CH— CH-CH 

i 


HC       CH 

Likewise^  when  treated  with  alcoholic  potassa,  piperine  splits  into  piperidine  and 
piperinic  acid. 

As  piperine  does  not  readily  form  salts  with  acids,  some  authorities 
no  longer  consider  it  an  alkaloid,  the  last  pharmacopoeia  seeming  to 
hold  to  that  opinion  by  defining  it  as  ''a  feebly  basic  substance." 
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Piperine  is  a  useful  antiperiodic,  given  in  3-gram  doses. 

Pilocarpine. — Composition. — The  formula  of  pilocarpine  is  supposed  to  be — 

CH, 
C2H6  — CH    =    CH    —  CH,  —  C      —  N' 


COO 


=    CH    —  CH,  —   C      —  N\^ 
—  CH,  CH  —  N-/ 


Extraction. — Jaborandi  in  fine  powder  is  moistened  with  sodium  carbonate  solu- 
tion and  then  extracted  with  warm  benzene.  The  benzene  percolate  containing 
the  free  alkaloid  is  shaken  with  diluted  hydrochloric  acid  (which  dissolves  the  alkaloid 
as  hydrochloride),  and  the  separated  acid  liquid  is  made  alkaline  with  sodium  car- 
bonate solution  and  then  shaken  out  with  chloroform.  The  chloroform  solution  of 
the  free  alkaloid  is  next  evaporated,  the  crude  alkaloid  taken  up  with  diluted  nitric 
aoid,  and  the  nitrate  thus  purified  by  recrystallization  from  alcohol. 

The  free  alkaloid  can  be  obtained  from  the  nitrate  by  making  its  aqueous  solu- 
tion alkaline  with  ammonia,  shaking  out  with  chloroform,  and  evaporation  of  the 
chloroform. 

The  ''shaking  out"  with  chloroform  will  be  explained  in  Part  V, 
under  Extraction  with  Immiscible  Solvents. 
The  following  salts  of  pilocarpine  are  official. 

PILOCARPINiE  HTDROCHLORIDUM— Pilocarpine  Hydrochloride 
(Pilocarpin.  Hydrochl. — Pilocarpine  Chloride) 

The  hydrochloride  (CuHwO.Na.HCl  =244.62)  of  an  alkaloid  obtamed  from 
pilocarpus.    Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

Colorless  translucent  hygroscopic  crvstab;  faintly  bitter  taste;  soluble  in  about 
0.3  part  of  water,  in  about  2.4  partis  of  alcohol  and  in  about  540  parts  of  chloroform; 
insoluble  in  ether;  when  dried,  it  melts  between  195^  and  198^0.  For  details  see 
U.S.P. 

Color  Test, — ^When  the  proper  amount  of  the  salt  is  treated  with  solution  of 
hydrogen  dioxide  solution  and  benzene,  then  shaken  with  jpotassium  dichromate  solu- 
tion, the  benzene  layer  turns  blue  and  the  aaueous  layer  is  yellow. 

For  te^  for  identity  and  for  impurities:  Otner  alkaloids  (color  test  just  given);  also 
no  turbidity  on  adding  to  a  solution,  ammonia  water  or  potassium  dichromate  T.S.). 
Readily  carbonizable  matter  (does  not  color  sulphuric  acid  more  than  faint  yellow) 
see  U.S.P.,  p.  321. 

Remarks. — The  color  produced  with  sulphuric  acid  and  potassium 
dichromate  is  quite  characteristic,  each  alkaloid  giving  a  different  shade 
with  the  combination.  In  the  case  of  pilocarpine  a  grass-green  color 
is  produced.  The  salts  of  pilocarpine,  like  the  drug  pilocarpus,  are 
valuable  sudorifics  and  sialagogues. 

Dose. — By  mouth,  10  milligrammes  (^  grain).  Hypodermic,  5 
milligrammes  (J^2  grain). 

PILOCARPINiE  NITRA&— Pilocarpine  Nitrate 

(Pilocarpin.  Nit.) 

The  nitrate  [CiiHw02N2.HNOs=271.17]  of  an  alkaloid  obtained  from  pilocarpus. 
Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

Shining  crystals:  soluble  in  about  4  parts  of  water;  and  in  about  60  parts  of  alcohol ; 
insoluble  m  chloroform  and  ether;  melts  between  170**  and  173**.  For  details  see 
U.S.P.     Otherwise  like  pilocarpine  hydrochloride. 

For  tests  for  identity  and  for  impurities:  Chloride  (the  silver  nitrate  test)  see  U.S.P., 
p.  322  and  also  Part  V  of  this  book. 

Medical  Properties. — Used  just  like  the  hydrochloride. 
Dose. — See  the  hydrochloride. 
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Nicotine. — Nicotine  was  isolated  from  tobacco  by  Posselt  in  1828.  Investica- 
tions  show  that  this  alkaloid  is  piperidyl-tetrahydro-methyl-pyrroli  the  grapoic 
formula  of  which  is  given  below.  The  structural  formula  was  worked  out  by  Pictet 
and  Crepieux  in  1895,  whose  work,  however j  did  not  lead  to  the  synthesis  of  the  al- 
kaloid, but  only  as  far  as  nicotyrin,  the  denvative  of  nicotine  shown  in  Uie  graphic 
formulas  given  below: 

Nicotinic  acid.  Nicotinic  acid  amide.  Amido-pyridine. 

CH  CH  CH 

^^  y^  y^ 

EHC   C— COOH     HC   C— CONH,     HC   CNH, 
HC   CH         HC   CH  HC   CH 

Y  Y  Y 

Nicotyrine.  Nicotine. 

H  H 

CH                                           C              NH  C               N— CH, 

/V        /CH  -  CH,             /\           /\  /\           /\ 

HC    C— NC             I              HC      C C      CH  HC      C CH   CH, 

I      \CH  =  CH, -►    II      I       II     IL  -^„JL     L       II 

m  HC     CH  HC — CH       HC      CH       C— CH, 


HC    CH 


N/  Y  Y 


Sparteine. — The  structural  formula  of  this  alkaloid  is  supposed  to  be: 

C C 

CH,  CH,     CH,  /  \ 

III  H,Cf  I            CH, 

111  I  C-CH,| 

CHsCH   CH,     CH,  I  I 

\     I      /  H,C  CH, 


\ 


/ 

/ 

N' 


SPARTEINE  SULPHAS— Sparteine  Sulphate 

(Spartein.  Sulph.) 

The  sulphate  [Ci6H,6N,.H,S04+5H,0  "422.39]  of  sparteine,  a  liquid  alkaktfd 
obtained  from  Cytisiia  Scoparius  (Linn^),  link  (Fam.  Le(fumino9<B).  Preserve  it  i& 
well-closed  contamers,  protected  from  light. 

Summarized  Description, 

Colorless  rhombohedral  hygroscopic  crystals  or  crvstalline  powder;  slightly  saline, 
bitter  taste;  soluble  in  about  1.1  parts  of  water  and  in  about  2.4  parts  of  alcohol; 
insoluble  in  chloroform  and  ether;  leaves  not  more  than  0.1  of  1  per  cent,  of  ash.  For 
details  see  U.S.P. 

For  te^tsfor  uien/i^y  and  for  impurities:  Readily  carbonisable  matter  ^makes  oolo^ 
less  solution  in  sulphuric  acid).  Ammonium  salts  (no  ammoniacal  odor  on  gcn^ 
heating  with  potassium  hydroxide  solution).  Aniline  (does  not  give  the  isonitiiK 
reaction)  see  U.S.P.,  p.  401. 

Extracti&n. — The  drug  is  extracted  with  acidulated  water,  the  liauid  made  al- 
kaline with  sodium  hydroxide,  and  from  this  alkaline  liquid  the  alkaloid,  whic^  » 
volatile,  is  separated  by  distillation.  It  is  purified  by  dissolving  in  diluted  hydro- 
chloric acid,  evaporated  to  dryness,  and  the  alkaloid  freed  by  treatment  with  potas- 
sium hydroxide  is  redistilled.  The  salts  are  made  from  the  alkaloid  by  tfeatmeot 
with  the  appropriate  acid. 

Remarks. — Sparteine  sulphate  is  a  valuable  diuretic 
Dose. — 10  milligrammes  (3^  grain). 
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Group  II. — The  Tropinb  Derivativbs 

The  very  important  alkaloids  of  the  nightshade  families  are  derivsr 
tives  of  tropine,  this  being  an  artificial  alkaloid  which  is  a  decomposition 
product  of  atropine,  and  since  its  structure  is  similar  to  that  substance 
from  which  it  is  derived,  chemists  consider  it  as  the  base  upon  which 
atropine  is  built. 

The  synthesis  starts  with  a  substance  containing  a  ring  of  seven  carbon  atoms, 
eudoheptene  (Pig.  1).  From  this  the  dimethyl-amiao  conibination  (Fig.  2)  is  pie- 
pared  and  this  with  hydrochloric  acid  and  subsequent  distillation  yields  tropidine 
(Fig.  3),  which  on  treatment  with  caustic  alkalies  yields  tropine  (Fig.  4). 


Fig.  1 
CH, 

CH, 


Fig.  2. 
CH 


CHs 
MfO  —  OHs 


I 


CH— N(CH,), 
xigC  —  GHs 


Fig.  3. 
CH 


H,C  CH 

HC  —  CHs  —  CHjCH 


CH, 


It  will  be  seen  that  this  synthesis  starts  with  a  ring  of  seven  carbon  atoms  and 
by  introduction  of  one  amido  group  becomes  a  pyridine  ring  with  a  chain  of  two  carbon 
atoms  extending  from  pyridine  carbon  atom  3  to  carbon  atom  5. 

(1) 
C 


(6)C 


C(2) 


(6)C— 0— C— C(3) 


N 

ATROPINA— Atropine 

(Atrop.) 

An  alkaloid  [Ci7HsaN03»289.19]  obtained  from  belladonna  and  from  some  other 
plants  of  the  Solanaceoe,    Preserve  it  in  well-closed  contuners,  protected  from  li^t. 

StmiTnarized  Description, 

White  rhombic  prisms;  extremely  poisonous;  soluble  in  about  456  parts  of  water 
and  in  about  1.5  parts  of  alcohol;  also  soluble  in  glyoeriny  chloroform  and  ether; 
melts  between  114^  and  llO^'C.    For  details  see  U.S.P. 
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For  tests  Jot  identUy,  and  for  impuriiies:  Readily  carbonizable  matter  Tnot  colored 
more  than  faint  yellow  by  sulphuric  acid).  Foreign  alkaloids  (acidulated  solution 
not  precipitated  bv  platinic  chloride).  Apoatropine  or  belladonnine  (acidulated  solu- 
tion made  turbid  by  adding  sodium  hydroxide  solution;  but  not  by  adding  ammonia 
water  under  proper  conditions  see  U.S.P..  p.  68. 

Extractian, — -The  alcoholic  percolate  from  belladonna  is  made  alkaline  by  treat- 
ment with  milk  of  lime  and  then  filtered.  The  filtrate  (a  solution  of  free  alkaloid) 
is  acidulated  with  diluted  sulphuric  acid,  freed  from  fat  and  resin  by  evaporation  of  the 
alcohol,  and  takine  up  with  acidulated  water.  The  acidulated  aqueous  filtrate  is 
then  treated  with  alkali,  and  the  free  alkaloid  thus  precipitated  is  wash^  with  water, 
dissolved  in  alcohol,  and  crystallized  from  this  solution  by  addition  of  a  little  water. 

Remarks, — Atropine  is  a  tropine  tropate,  and  can  be  made  by  treat- 
ing tropine  with  tropic  acid  in  the  presence  of  hydrochloric  acid. 

CHiOH 
I 
Tropic  acid  is  phenyl-hydracrylic  acid,  CHCOOff'and  when  it  is  com- 

CeHs 

bined  with  tropine,  the  product  of  the  union — atropine — is  assumed  to 

have  the  following  formula: 

CHjOH 

CH O— CO— (:h 

./\  I 

\  CeH. 

HaO  CHs 

HC— CHj— CH^CJH 


VitaU's  reaction  for  atropine  is  interesting.  When  the  alkaloid  is 
treated  with  fuming  nitric  acid  and  evaporated  to  dr3mess,  and  a  drop  oi 
potassium  hydroxide  be  added  to  the  dry  residue,  it  will  give  a  violet- 
blue  color,  and  if  the  residue  is  again  covered  with  alcohol,  the  isonitril 
odor  (p.  581),  is  evolved.  The  color-reaction  part  of  Vitali's  test  is 
given  in  the  present  pharmacopoeia. 

Atropine  is  a  sedative  and  mydriatic. 

Dose, — ^0  milligramme  (H20  grain). 

ATROPINiE  SULPHAS— Atropine  Sulphate 

(Atrop.  Sulph.) 

The  sulphate  [(Ci7H2sNOa)2HjS04+HjO  =694.49)  of  the  alkaloid  atropine. 

Summarized  Description. 

White  crystalline  efflorescent  powder  or  microscopical  needles  or  crystiJs;  veiy 

r)i8onous;  soluble  in  about  0.4  part  of  water,  in  about  4  parts  of  alcohol  and  in  aboat 
1  parts  of  glycerin;  less  soluble  in  chloroform:  sparinglv  soluble  in  ether,  responds 
to  the  barium  chloride  reaction  for  sulphates.    For  details  see  U.S. P.,  p.  6& 
For  other  testSj  and  for  impwrUies:  see  atropine. 
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Remarks. — Atropine  sulphate,  being  more  soluble  than  the  uncom- 
bined  alkaloid,  is  generally  used  instead  of  the  latter. 
Dose. — ^0  milligramme  (K20  grain). 

HOMATROPIN^  HTDROBROMIDUM— Homatropine  Hydrobromide 

(Homatrop.  Hydrobr. — Homatropine  Bromide) 

The  hydrobromide  [C1eHiiNOs.HBrs356.ll]  of  homatropine,  an  alkaloid  ob- 
tained by  the  condensation  of  tropine  and  mandelic  acid.  Preserve  it  in  well-closed 
containers,  protected  from  light. 

Summarized  Description, 

White,  odorless,  crystalline  powder  or  rhombic  prisms;  very  poisonous;  solutions 
dilate  the  pupil  of  the  eye;  soluble  in  about  6  parts  of  water,  in  about  32  parts  of  al- 
cohol and  m  about  630  parts  of  chloroform.     For  details  see  U.S.P. 

For  tests  for  identity  and  for  impurities:  Foreign  alkaloids  (aqueous  solution  not 
precipitated  by  tannin;  acidulated  solution  not  precipitated  by  platinic  chloride; 
chloroformic  extract  of  the  freed  alkaloid,  on  evaparation,  colored  brick-red  by  mer- 
curic chloride).  Atropine,  hyoscyamine,  or  hyoscine  (does  not  respond  to  Vitali's 
reaction  see  IJ.S.P.,  p.  213. 

Remarks. — Homatropine  is  an  artificial  alkaloid  made  by  the  con- 
densation of  tropine  and  mandelic  acid.    It  is  phenyl-glycoeoU-tropin. 

HCO-OH— cja, 


/^.in 

/                                      \ 

H,C                      CH, 

HC— CHr-CH,CH 

^v      / 

\/ 

N 
CH, 

Its  action  is  similar  to  atropine,  but  is  less  poisonous.     As  a  mydriatic 

dilator  of  the.  pupil  of  the  eye — it  is  preferable  to  atropine,  because 
it  works  more  rapidly. 

Dose. — yi  milligramme  (K20  grain). 

Hyoscyamine. — Hyoscyamine,  as  the  formula  C17H2SNO8  shows,  is 
isomeric  with  atropine,  and  when  either  atropine  or  hyoscyamine  is 
treated  with  weak  baryta  water,  both  split  into  tropic  acid  and  tropine. 
When  it  is  said  that  hyoscyamine  and  atropine  are  isomeric,  it  must 
not  be  understood  that  the  two  are  identical,  for  we  have  already  learned, 
when  considering  tartaric  acids  (p.  616),  that  there  may  be  many 
chemicals  having  similar  formula,  but  different  characteristics. 

Amenomiya  has  shown  that  atropine  (which  is  optically  inactive) 
consists  of  the  official  hyoscyamine  (which  is  tevogyre)  and  a  dextro-^ 
g3a*ate  alkaloid  isomeric  with  hyoscyamine. 

Ex^braction, — Hyoscyamine  is  extracted  either  from  the  mother  liquor  left  after 
atropine  crystallization  or  from  hyoscyamus  seeds  freed  from  fat  by  percolation  with 
petroleum  ether.  The  fat-free  seeds  are  extracted  with  85  per  cent,  alcohol  acidu- 
lated with  hydrochloric  acid,  the  alcohol  evaporated  from  percolate  in  vacuo,  and 
the  watery  residue  again  treated  with  petroleum  ether  or  chloroform  to  remove  fat 
and  color.  The  liquid  is  then  made  alkaline  with  potassium  carbonate  and  shaken 
out  with  chloroform.  The  chloroformic  solution  is  then  evaporated  at  low  tempera- 
ture, and  the  crude  alkaloid  that  remains  is  purified  by  crystallization  from  diluted 
sulphuric  acid  solution.  From  this  crystalline  sulphate  the  alkaloid  can  be  obtained 
by  makins  its  aqueous  solution  alkaline,  shaking  out  with  chloroform^  and  evaporat- 
ing the  chloroformic  solution. 
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The  pharmacopoeia  provides  in  the  gold  chloride  test  the  method 
of  distinguishing  the  hyoscyamine  from  atropine.  Hyoscyamine,  like 
atropine,  is  not  precipitated  by  platinic  chloride  test  solution,  as  are  most 
of  the  alkaloids.  Free  hyoscyamine  is  not  ofGicial,  but  its  hydbrobromide 
and  sulphate  are. 

HTOSCTAMIN£  HYDROBROMmUM— Hyoscyamine  Hydrobromide 
(Hyoscyamin.  Hydrobr. — Hyoscyamine  Bromide) 

The  hydrobromide  [Ci7HttNOs.HBr»370.12]  of  hyoscyamine,  an  alkaloid 
obtained  from  hyoscyamus  and  other  plants  of  the  Solanacea,  Preserve  it  in  well- 
closed  containers,  protected  from  light. 

Summarized  Description, 

White  prismatic  deliquescent  crjnstals;  very  poisonous;  solutions  dilate  the  pupil 
of  the  eve;  soluble  in  about  2  parts  of  alcohol  and  in  about  2.5  parts  of  chlorotorm; 
very  soluble  in  water:  slightly  soluble  in  ether;  aqueous  solution  is  Isvoiotatory; 
melts  at  152'*C.    For  details  see  U.S.P. 

Color  Teste. — On  shakine  aqueous  soluticSi  containing  some  chlorine  water  with 
chloroform,  the  latter  turns  brown.     Also  Vitali's  reaction.    See  U.S.P.,  p.  224. 

Impurities. — ^Atropine  or  scopolamine  (behavior  of  gold  double  salt).  Other  al- 
kaloids (solution  not  precipitated  by  platinic  chloride).  Carbonizable  impurities  (sul- 
phuric acid  solution  not  colored  more  than  faint  yellow.)- 

Extraction, — See  under  Hyoscyamine. 

« 

Remarks, — This  salt  has  an  effect  similar  to  atropine. 
Dose. — ^f  0  milligramme  (Hoo  grain). 

Hyoscyamuue  Sulphas  (U.S.P.  VIII),  or  hjroscyamine  sulphate  (CirHstNOt)iH^304, 
is  used  the  same  as  the  hydrobromide  and  m  the  same  dose. 

Hyoscine. — This  alkaloid  has  the  formula  C17HS1NO4,  and  is  isomeric  with  scopo- 
lamine (see  below).  Some  time  since  there  was  much  controversy  relative  to  the  com- 
position of  hyoscine,  some  authorities  claiming  it  was  isomeric  with  atropine  and 
nyoscvamine.  The  present  pharmacopoeia  takes  the  view  that  it  is  the  same  as 
scopolamine  and  therefore  includes  the  formerly  official  hyoscine  hydrobromide  in  the 
monograph  on  scopolamine  hydrobromide. 

Hyoscine  is  made  from  the  mother  liquor  remaining  after  removal  of  hyoscyamine 
from  the  seed  of  hyoscyamus  or  stramonium,  by  treating  the  liquor  with  hydrobromic 
acid,  and  crystallizing  the  resultant  hydrobromide. 

The  crude  salt  is  purified  by  formation  of  the  double  chloride  of  the  alkaloid  and 
gold,  and  eventual  separation  of  the  gold  by  use  of  hydrogen  sulphide. 

SCOPOLAMINE  HYDROBROMEDUM— Scopolamine  Hydrobromide 

(Scopolamin.  Hydrobrom. — Hyoscine  Hydrobromide — ^Scopolamine 

Bromide) 

The  hydrobromide  [Ci7HnN04HBr+3HsO»438.15)  of  Isevorotatory  scopola- 
mine, also  known  as  hyoscine,  obtained  from  various  plants  of  the  Solanaeea.  Pre- 
serve it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

Colorless  transparent  slightly  efflorescent  rhombic  crystals,  very  poisonous;  soluble 
in  about  1.5  parts  of  water  and  in  about  16  parts  of  alcohol;  slightly  soluble  in  chloro- 
form: insoluble  in  ether;  when  dried  it  melts  between  190^  and  192^C.;  Invorotatory. 
For  details  see  U.S.P. 

For  tests  for  identity  and  for  impurities:  Foreign  alkaloids  (solution  not  made 
turbid  by  ammonia  water;  only  slight  turbidity  on  adding  potassium  hydroxide  solu- 
tion). Apoatropine  (does  not  decolorize  permanganate  solution).  Carbonizable  im- 
purities (sulphuric  acid  solution  not  more  than  faintly  yellow).  Morphine  (orange, 
not  red  color,  on  adding  nitric  acid  to  the  sulphuric  acid  solution)  see  IJ.S.P.}  p.  372. 

Uses, — Similai*  to  hyoscyamine. 
Dose. — ^0  milligramme,  (Hoo  grain). 
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COCAINA— Cocaine 

(Cocain.) 

An  alkaloid  [Ci7HnN04or  C8Hi,(C6H.CO)NO.COOCH,»303.18]  obtained  from 
ErythroxyUm  Coca  Lamarck  and  its  varieties  (Fam.  Erthroxylacece).  Preserve  it  in 
well-closed  containeis  protected  from  light. 

Summarized  Deacription, 

Large  colorless  four-sided  or  six-sided  monoclinic  prisms,  or  white  crystalline 
powder;  soluble  in  about  600  parts  of  water  and  in  about  5  parts  of  alcohol:  also  soluble 
m  chloroform,  ether  and  olive  oil ;  melts  between  96^  and  98°C.    For  details  see  U.S. P. 

For  teats  for  identity  and  for  impurities  see  cocaine  hydrochloride. 

Extraction, — Coca  leaves  are  extracted  with  0.5  per  cent,  sulphuric  acid,  the  per- 
colate concentrated,  made  alkaline  with  sodium  carbonate,  and  shaken  out  with  kero- 
sene. The  kerosene  solution  is  shaken  with  acidulated  water,  alkaloid  precipitated 
from  the  aqueous  liquid  bv  additio^  of  sodium  carbonate,  and  the  freed  alkaloid 
obtained  by  evaporation  of  the  ethereal  solution  is  purified  by  again  dissolvins  in 
acidulated  water,  precipitation  with  alkali,  and  recrystallization  from  alcohol  or 
ether. 

Remarks. — This  important  alkaloid,  which  was  first  isolated  from 

coca-leaves  by  Niemann  b  now  known  to  be  benzoyl-methyl-ecgonine, 

the  ecgonine  being  a  carbonic  acid  derivative  of  tropine.    A  comparison 

of  the  formulas  of  the  two  substances,  ecgonine  and  cocaine,  is  given 

below: 

Ecgonine.  Cocaine. 

CHOH  HCO— cocja, 

./x  /■ 


Dose. — 16  milligrammes   (3^   grain).     Used  in   OlecUe    of    Cocaine 
(p.  215). 

COCAINJB  HYDROCHLORIDUM— Cocaine  Hydrochloride 
(Cocain.  Hydrochl. — Cocaine  Chloride — Cocainum  hydrochloricum  P.I.) 

The  hydrochloride  [Ci7H,iN04.HCl -339.65)  of  the  alkaloid  cocaine. 

Summarized  Description, 

Colorless,  transparent  monoclinic  prisms,  or  flaky  lustrous  leaflets,  or  white  crys- 
talline powder;  soluble  in  about  0.4  part  of  water  in  about  2.6  parts  of  alcohol  and  in 
about  18.5  parts  of  chloroform;  also  soluble  in  glycerin;  insoluble  in  ether;  lesvoro- 
tatory;  melts  between  183**  and  191**C.    For  details  see  U.S.P. 

For  tests  far  identity  and  for  impurities:  Cinnamvl-cocaine  (acidulated  solution 
does  not  readily  decolorize  permanganate).  Isatropyi-cocaine  (treated  under  proper 
conditions  with  ammonia  water^  the  supernatant  liquid  is  not  milky).  Readily 
carbonizable  matter  (sulphuric  acid  solution  not  more  thiui  slight  yellow).  See  U.S.P., 
p.  117. 

Remarks. — This  soluble  salt  of  cocaine  is  the  one  generally  used 
whenever  cocaine  is  indicated. 

Sterilized  cocaine  solutions  are  now  in  some  demand.    These  can  be 
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made  by  heating  a  2  to  4  per  cent,  solution  between  110^  and  120^, 
provided  the  glass  vessel  employed  does  not  contain  free  alkali. 

While  cocaine  was  isolated  as  far  back  as  1855,  the  use  of  the  alkaloid 
dates  from  the  last  thirty  years,  a  demand  for  the  product  not  being 
started  until  local  anesthetic  action  of  cocaine  had  become  known  in 
1884.  When  small  quantities  of  cocaine  are  rubbed  on  the  mucous  mem- 
brane or  injected  beneath  the  skin,  a  benmnbing  of  the  nerves  in  that 
immediate  neighborhood  results,  and  so  thorough  is  this  insensibility 
that  operations  can  be  performed  without  pain  where  great  agony  would 
be  produced  were  the  parts  not  cocainized.  On  account  of  this  valuable 
action  of  cocaine  its  use  in  all  minor  surgical  operations  spread  widely, 
particularly  in  dentistry  and  operations  on  the  nose  and  throat.  From 
its  original  legitimate  purpose  cocaine  has  been  prostituted  into  produc- 
ing a  sedative  action  m  cases  where  wholly  unnecessary.  This  is  par- 
ticularly true  of  catarrh  powders,  and  it  is  through  the  use  of  such  catarrh 
powders  containing  cocaine  that  the  abuse  of  the  drug  increased  through- 
out the  country,  until  it  became  necessary  to  pass  a  rigid  national  law 
preventing  its  use  except  upon  physician's  prescriptions. 

Doae, — 15  milligrammes  Q/i  grain). 

BETAEUCAIN^  HYDROCHLORIDIUM— Betaeucaine  Hydrochloride 
(Betaeucain.  Hydrochl. — Eucaine  Chloride — Eucaine) 

A  BViithetic  derivative  of  piperidiQe,  containing,  when  dried  to  constant  weight 
at  100 C,  not  less  than  99  per  cent,  of  2,  6,  6-trmiethyl-4-ben«oyl-oxy-piperidine 
Ci,H,iNCHCl   or   C,HtN(CH,),(C»H,C0O)HC1 -283.66]. 

Summarized  Description. 

White  crystalline  powder;  soluble  in  about  30  parts  of  water,  in  about  28  parts  of 
alcohol  and  m  about  9  parts  of  chloroform.    For  details  see  U.S.P. 

For  tests  for  identity,  for  impurities:  Readily  carbonizable  matter  (sulphuric  acid 
solution  is  colorless).  Cocaine  and  alphaeucaine  (solution  is  not  precipitated  by 
mercuric  chloride)  see  U.S.P.,  p.  77. 

For  assay  see  Part  V. 

Remarks. — ^This  new  official  is  a  synthetic  alkaloid,  the  hydrochloride 
of  trimethyl-benzoyl-hydroxypiperidme. 

It  is  made  by  treating  diacetonamine — (a)  with  paraldehyde,  the 
product  reduced  by  use  of  metallic  sodium  to  vinyl-di-acetone-alkamine 
(6),  and  this  treated  with  benzoyl  chloride,  whereupon  the  free  base 
eucaine  (c)  results. 


(a)  (b)  (c) 

Diacetonamine.  Vinyl-di-acetone-alkamine.  ^ucaine. 

CHOH  H 

/\  COCOCHt 

CH,      CH,  H,C      GH,  /\ 

H2V-'      CHf 


/^ 


C(CH,),  CHsHC      G(CH,),  I        I 

/  sy  R-pb    c(CH,), 

NH,  N  CH^  \/ 

H  N 

H 

It  will  be  seen  that  eucaine  has  no  chemical  connection  with  cocaine, 
but,  being  used  like  it,  is  considered  at  this  place.  It  is  claimed  that 
eucaine  is  an  efficient  local  anesthetic,  and  that  it  does  not  produce  a 


\l 
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debasing  habit,  as  does  cocaine.  Eucaine  possesses  the  advantage  over 
cocaine  that  it  is  stable  and  its  solutions  can  be  boiled,  thus  permitting 
sterilization.  Cocaine  when  heated  to  the  temperature  of  sterilization 
(llO^C.)  is  apt  to  decompose. 

Dose. — Used  only  externally  as  local  anesthetic. 

Alpha-eucaine,  the  hydrochloride  of  henzoyl-methyl-tetra-methyl-oxypiperidine 
carboxylic-methyl-ester  is  used  like  beta-^ucaine. 

Group  III. — Quinolinb  Derivatives 

Quinoline  itself  has  already  been  discussed  on  p.  795,  where  the 
structural  formula  is  fully  explained,  and  here  reference  need  only 
be  made  to  the  alkaloidal  derivatives  of  this  base. 

CinchoninQ  (CaHeN — ^CaHiaOHNCHg)  is  one  of  the  three  official 
alkaloids  obtained  from  the  cinchona  bark.  Of  the  species  of  cinchona 
yielding  more  or  less  of  this  alkaloid,  it  is  found  most  abundantly 
in  Huanuco  cinchona.  The  structure  of  cinchonine  has  been  studied 
from  the  decomposition  products,  and  is  supposed  to  be — 

CH 

H,C      CHjCH— CH=CH, 
C,H«N— CHOH— HC      CH,  CHi 

/ 

N 
the  quinoline  base  being  attached  to  a  complex  piperidine  derivative. 

CINCHONINE  SULPHAS— Cinchonine  Sulphate 

(Cinchonin.  Sulph.) 

The  sulphate  [(CitH»NtO),.H2S04+2HsO -722.51]  of  an  alkaloid  obtained  from 
the  bark  of  several  species  of  cinchona.  Preserve  it  in  well-closed  containers  protected 
from  light. 

Summarized  Description, 

White  lustrous,  prismatic  crystals;  very  bitter  taste;  soluble  in  about  60  parts  of 
water,  in  about  10  parts  of  alcohol  and  in  about  69  parts  of  chloroform:  sparingly 
soluble  in  ether;  aqueous  solutions  are  dextrorotatory;  solution  in  diluted  sulphuric 
acid,  slightly  fluorescent.    For  details  see  U.S.P  ,  p.  350. 

For  tests  for  identity  and  for  impurities:  Quinine  or  cinchonidine  sulphate  (com- 
pletely soluble  in  150  parts  of  chloroform).  Ileadily  carbonizable  matter  (sulphuric 
acid  solution  not  more  than  faintly  yellow)  see  U.S.P.,  p.  114.  % 

Remarks. — Of  the  reactions  for  cinchonine,  the  only  one  calling  for 
special  attention  is  the  interesting  fact  that,  differing  from  quinine  and  cin- 
chonine, it  does  not  give  a  blue  fluorescence  in  acid  solutions.  Cinchonine 
is  used  as  an  antipyretic — to  reduce  fevers — and  as  a  remedy  for  malaria. 

Dose. — 160  miligrammes  (2J^  grains). 

QUININA— Quinine 

(Quin.) 

An  alkaloid  [CioHMOsNi+3HsO  "378.26]  obtained  from  the  bark  of  various 
species  of  Cinchona  (Fam.  Rvbiacecs),  Preserve  it  in  well-closed  containers,  protected 
from  lig^i. 
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Summariud  Description, 

White,  microcrystalline,  effioreBcent  powder;  slowly  developing,  but  intense  and 
persistent  bitter  taste;  soluble  in  about  1550  parts  of  water  and  in  about  0.6  part  of 
alcohol;  also  soluble  in  chloroform  and  ether:  sparingly  soluble  in  ammonia  water; 
alcohol  solution  is  Isevorotatory ;  solution  in  diluted  sulpnuric  acid  is  intensely  fiuores- 
cent.    For  details  see  U.S.?.,  p.  350. 

For  tests  for  ideniitv  and  for  impurities:  Other  organic  matter  (sulphuric  acid  solu- 
tion is  not  more  than  light  yellow).  Morphine  (the  above  solution  not  colored  red  by 
nitric  acid).  Ammonium  salts  (no  ammoniacal  odor  on  heating  with  potassium 
hydroxide  solution).  Other  cinchona  alkaloids  (see  quinine  sulphate)  see  U.S.P., 
p.  350. 

EztradioTL — ^There  are  so  many  old  methods  of  extraction  of  the  cinchona  alkaloids 
found  in  the  literature  and  so  little  modem  information  on  the  subject,  that  the 
following  process,  given  by  Field,  is  offered  merely  as  a  type.  The  bark  is  mixed 
with  about  one-fifth  of  its  weight  of  slaked  lime  and  is  then  extracted  with  a  mixture 
of  75  per  cent,  of  kerosene  and  25  |)er  cent,  of  fusel  oil.  The  percolate  is  then  shaken 
out  with  6  per  cent,  sulphuric  acid;  the  acid  layer  is  separated,  neutralised  with 
saturated  solution  of  sodium  hydroxide  and  decolorized  with  animal  charcoal,  after 
which  it  is  filtered  into  lead-lined  crystallizing  boxes.  After  twelve  hours  the  sepa- 
rated crystals  are  removed  from  the  mother  liquid  by  use  of  a  filter  press.  This  met 
crop  of  crystals  (chiefly  quinine  sulphate  with  some  cinchonidine  sulphate)  are  reciys- 
taluzed  until  a  pure  quinme  salt  is  obtained.  To  the  mother  liquor  mentioned  above, 
sodium  carbonate  solution  is  added  and  the  separating  alkaloids  are  dissolved  in  diluted 
acid  and  are  recr^stallized.  The  purified  alkaloidal  mixture  is  then  treated  with 
enough  tartaric  acid  to  make  a  normal  tartrate  and  as  a  result  the  tartrates  of  quinine 
and  cinchonidine  are  precipitated.  To  the  ''  tartrated "  mother  liquor,  containing 
quinidine  and  cinchonine,  enough  tartaric  acid  is  added  to  make  acid  tartrates,  which 
precipitate  from  boiling  solutions.  This  crystalline  precipitate  is  treated  with  con- 
centrated sulphuric  acid,  which  dissolves  the  ^uinidme;  the  residue  is  then  treated 
with  the  kerosene-fusel  oil  mixture,  which  dissolves  the.  remaining  quinine  and 
cinchonidine^  after  which  the  still  undissolved  cinchonine  is  cryBtallized  from  diluted 
sulphuric  acid.  In  other  methods,  gasoline  is  used  as  the  extracting  solvent;  the 
quinidine  is  removed  by  use  of  ammonia  and  the  cinchonidine  is  precipitated  by  adoition 
of  a  solution  of  Rochelle  salt. 

Remarks. — This  important  alkaloid  was  isolated  by  Pelletier  and 
Caventou,  two  apothecaries  of  Paris  in,  1820.  Investigations  show  that 
quinine  is  a  methoxycinchonine,  C9H6(OCHs)N — CHOH — C9H14N. 

The  synthesis  of  quinine  has  not  yet  been  accomplished. 

Of  the  reactions  given  in  the  pharmacopoeia  quite  characteristic  is  the 
blue  fluorescence  produced  ^hen  quinine  is  dissolved  in  acid.  A  very 
beautiful  test  is  the  thalleioquin  test;  which  is  given  in  the  Pharmaco- 
poeia, consisting  of  the  treatment  of  a  faintly  acid  quinine  solution  with 
bromine  water,  and  the  excess  of  anunonia,  when  the  liquid  assumes  a 
vivid  green  tint. 

Another  characteristic  test  is  the  one  based  on  the  production  of 
herapaihite,  the  green  crystals  of  quinine  iodosulphate  formed  when  the 
alkaloid  is  mxed  with  acetic  acid,  alcohol  and  sulphuric  acid  and  is  then 
treated  with  an  alcoholic  solution  of  iodine. 

Besides,  in  the  free  form,  quinine  is  recognized  by  the  pharmtarCOpxEia 
as  bisulphate,  hydrobromide,  hydrochloride,  di-hydrochloride,  salicylate, 
sulphate  and  the  hydrochloride  with  urea.  Of  these  salts  of  quinine 
the  most  popular  is  the  sulphate.  Quinine  sulphate  is  only  sparingly 
soluble  in  water,  but  when  an  aqueous  mixture  of  the  sulphate  is 
treated  with  sulphuric  acid,  the  salt  rapidly  goes  into  solution.  This  is 
due  to  the  formation  of  the  bisulphate  of  quinine,  one  part  of  which 
dissolves  in  9  parts  of  water,  whereas  one  part  of  quinine  sulphate  re- 
quires 725  parts  of  water  for  solution.  There  is  a  question,  however, 
as  to  the  wisdom  of  dispensing  quinine  solutions,  as  by  dissolving 
the  salt  its  bitter  taste  is  made  still  more  pronoimced.  It  is,  in  fact, 
preferable  to  administer  the  same  in  a  mixture  with  a  ''shake  well' 
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label|  and  in  such  a  mixture  the  taste  of  the  quinine  can  be  effectively  / 
masked  by  the  use  of  preparations  of  licorice,  such  as  ammoniated 
glycyrrhizin  or  an  aqueous  fluidextract  of  licorice  (such  as  is  now  official) . 
Compound  syrup  of  sarsaparilla  has  also  been  found  useful  to  mask  the 
taste  of  quinine,  but  it  is  not  so  effective  as  are  licorice  preparations. 

There  has  been  a  great  demand  for  the  preparations  of  quinine  devoid 
of  the  disagreeable  taste.  For  adults  the  administration  of  quinine 
capsules  covers  the  need,  but  in  the  case  of  children  who  cannot  swallow 
capsules  some  liquid  method  of  administration  is  exceedingly  desirable. 
The  nearest  approach  to  a  palatable  quinine  liquid  is  a  licorice  combina- 
tion of  quinine,  as  cited  above.  There  have  been  put  on  the  market 
proprietary  liquid  preparations  purporting  to  contain  quinine,  but  investi- 
gation shows  that  such  preparations  contain  practically  no  quinine,  the 
less  bitter  and  also  less  effective  quinidine  being  used  instead.  Such  a 
preparation  is  the  syrup  of  quinidine  of  the  National  Formulary  (p.  203). 
In  fact,  practically  the  only  way  satisfactorily  to  administer  quinine 
internally  to  children  is  as  quinine  tannate  in  the  form  of  chocolate 
lozenges,  and  this  method  is  higljly  satisfactory.  The  physiologic  effect 
of  quinine  can  also  be  secured  by  preparing  an  ointment  of  quinine  (the 
alkaloid  or  the  sulphate)  with  benzoinated  lard  or  petrolatum  and  lano- 
line,  this  ointment  being  applied  by  rubbing  under  the  armpits.  Oleate 
of  quinine,  N.F.  (p.  215),  can  be  used  for  the  same  purpose. 

Physicians  at  times  prescribed  quinine  with  licorice,  then  direct  addi- 
tion of  diluted  sulphuric  acid  to  dissolve  the  quinine.  In  such  combina- 
tion (see  p.  948)  the  sulphuric  acid  will  immediately  precipitate  the 
glycyrrhizin  from  the  licorice  preparation,  producing  an  unsightly  mixture, 
and  at  the  same  time  one  which  is  nauseatingly  bitter. 

The  writer  knew  of  one  physician  who  prescribed  the  sulphate  under 
the  name  of  "Sulfat  de  pelletiere,"  the  object  of  this  peculiar  synonym 
being  the  same  as  actuated  the  physician  who  prescribed  the  same  sub-  " 
stance  under  the  name  of  ''sulphatis  Americanis  Australis"  (South 
American  sulphate).  In  each  case  the  patient  had  a  notion  that  quinine 
was  repugnant  to  her  system,  and  in  order  to  permit  the  administering 
of  same  without  arousing  her  suspicions,  these  peculiar  synonyms  were 
employed.  It  must  be  said,  however,  that  the  first  synonym  is  scarcely 
short  of  dangerous,  inasmuch  as  the  alkaloid  pelletierine,  obtained  from 
pomegranate  bark  (see  p.  827),  is  an  article  of  commerce,  and  now  official 
as  the  tannate,  and  "siilfat  de  pelletiere"  should  be  left  to  designate  the 
sulphate  of  this  alkaloid. 

In  view  of  the  full  description  of  quinine  and  its  salts  just  given,  it  is 
now  necessary  merely  to  insert  the  pharmacopoeia  data  relative  to  the 
official  salts  of  quinine. 

Dose. — As  tonic,  100  milligrammes  (1)^  grains);  as  anti-malarial  at 
least  1  gramme  (15  grains)  daily. 


QUININE  BISULPHAS— Quinine  Bisulphate 

(Qttin.  Bisulph.) 

The  acid  sulphate  [CmH,402N2.H2S04+7H20  =  548.41]  of  the  alkaloid  quinine. 
Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description, 

Ck>lorlefls,  transparent,  efflorescent  orthorhombic  cr>[8tals  or  small  needles;  very 
bitter  taste;  turns  yellow  on  eicposure  to  light;  soluble  in  about  9  parts  of  water,  in 
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about  18  parts  of  alcohol  and  in  about  18  parts  of  glycerin;  sparingly  soluble  in  chloro- 
form and  ether.    For  details  see  U.S. P. 

For  teats  for  identity  and  for  impuritieSf  see  quinine  sulphate. 

Dose. — See  Quinine. 

QUININE  HYDROBROMIDUM— Quinine  Hydrobromide 
(Quin.  Hydrobr. — Quinine  Bromide) 

The  hydrobromide  [CsoHs40sNi.HBr+HsO»423.16]  of  the  alkaloid  quinine. 
Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

White,  light,  efflorescent,  silkv  needles;  very  bitter  taste;  soluble  in  about  40  parts 
of  water,  in  about  0.7  part  of  alcohol,  in  about  8  parts  of  glycerin  and  in  about  0.9 
part  of  cnloroform;  less  soluble  in  ether;  solution  in  diluted  sulphuric  acid  has  a  vivid 
blue  fluorescence.     For  details  see  U.S.P. 

For  tests  for  identity  see  U.S.P.,  p.  352.  For  impurities:  Carbonizable  matter  and 
morphine,  see  Quinine.  Barium  and  sulphate,  see  Part  V  of  this  book.  Other  cinchona 
alkaloids  (modified  Kemer's  test),  see  p.  8131 

Dose. — See  Quinine. 

QUININE   ET   XnXEM   HTDROCHLORmUM— Quinine   and   Urea 

Hydrochloride 

(Quin.  et  Urea.  Hydrochl. — Quinine  and  Urea  Chloride) 

A  compound  of  the  hydrochlorides  of  quinine  and  urea  [Ct0Hs4OsNs.HCl.CO- 
(NHs)s.Hul+5HsO  »  547.28]  which  contains  not  less  than  58  per  cent,  of  anhydrous 
quinine.     Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

Colorless,  translucent  prisms  or  white  granular  powder:  very  bitter  taste;  soluble 
in  about  0.9  part  of  water  and  in  about  2  parts  of  alcohol.  For  details  see  U.S.P. , 
p.  351. 

For  tests  for  identity  and  for  impurities:  (carbonizable  matter  and  ammonium  salts ) 
see  Quinine. 

Outline  of  Assay. — Make  aqueous  solution  alkaline  with  potassium  hydroxide  and 
then  shake  out  with  three  portions  of  ether.  Ethereal  extract  on  evaporation  is  dried 
and  weighed.  Yield  at  least  58  per  cent,  of  weight  of  original  sample.  For  details 
see  U.S.P.,  p.  352. 

Remarks. — This  new  official  chemical,  which  is  sometimes  called 
chininum  bihydrochUmcum  carbamidumf  is  made  by  making  a  solution  of 
quinine  dihydrochloride  and  then  adding  to  this  the  molecular  quantity 
of  urea.  It  has  lately  attained  great  pK)pularity  not  merely  as  an  ideal 
quinine  salt  for  hypodermic  administration,  but  as  a  local  anesthetic. 

Dose. — Hypodermic  (one  dose  daily)  1  gramme  (15  grains). 

QUmm^  DIHYDROCHLORIDUM— Quinine  Dihydrochloride 

(Qum.  Dihydrochl.) 

The  dihydrochloride  [CMHs40«N».2Ha  «  397.15)  of  the  alkaloid  quinine.  Pre- 
serve it  in  well-closed  containers,  protected  from  light. 

Summarized  Descnption. 

White  powder;  very  bitter  taste;  soluble  in  about  0.6  part  of  water  and  in  about 
10  parts  oiaJcohol;  slightly  soluble  in  chloroform  and  in  ether.  For  details  see  F.S.P. , 
p.  351. 

For  tests  for  identity  see  U.S.P.  For  impurities:  Carbonisable  matter  and  mor- 
phine, see  Quinine  Sulphate.  Sulphate  and  oarium,  see  Part  V  of  this  book.  Other 
cinchona  alkaloids  (modified  Kemer's  test),  see  p.  813. 
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Remarks. — The  new  official  salt  of  quinine  has  the  same  advantage 
over  the  hydrochloride  that  the  bisulphate  has  over  the  sulphate;  su- 
perior solubility.  Thus  while  the  hydrochloride  requires  16  parts  of 
water  to  effect  solution,  the  dihydrochloride  is  soluble  in  0.6  part  of 
water.    Like  all  quinine  salts,  it  is  a  tonic. 

Dose. — See  Quinine. 

QUININE  HTDROCHLORIDITM— Quinine  Hydrochloride 
(Quia.  HydrochL — Quinine  Chloride)  , 

The  hydrochloride  [C,oHs40sNs.HCl+2H20  =396.71)  of  the  alkaloid  quinine. 
Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

White,  silky,  glistening,  efflorescent  needles;  very  bitter  taste;  soluble  in  about  18 
parts  of  water,  in  about  0.6  part  of  alcohol,  in  about  8  parts  of  glycerin  and  in  about 
10 parts  of  chloroform;  less  soluble  in  ether;  aaueous  solution  not  fluorescent  until 
acidulated  with  sulphuric  acid.    For  details  see  U.S.P. 

For  tests  far  identity  see  U.S.P.,  p.  353.  For  impurities:  Carbonizable  matter  and 
morphine,  see  Quinine.  Other  cinchona  alkaloids  (modified  Kemer's  test)  see  Quinine 
sulphate.    Sulphate  and  barium,  see  Part  V  of  this  book. 

Dose. — See  Quinine. 

QUmiN£  SALICYLAS— Quinine  SaUcylate 

(Qttin.  SalicyL) 

The  salicylate  CsoHmOiNs.C7H«Os+HiO-»  480.28]  of  the  alkaloid  quinine. 
Preserve  it  in  well-closed  containers,  protected  from  hght. 

Summarized  Description. 

Colorless,  needles,  turning  pinkish  on  ageing;  bitter  taste;  soluble  in  about  77  parts 
of  water;  in  about  11  parts  of^ alcohol  and  in  about  16  parts  of  glycerin;  also  soluble 
in  chloroform;  sparingly  soluble  in  ether.    For  details  see  U.S. P.,  p.  354. 

For  tests  for  identity  see  U.S.P.  For  impurities:  Sulphate  and  chloride,  see  Part  V 
of  this  book.    Other  cmchona  alkaloids  (modified  Kemer's  test)  see  Quinine  sulphate. 

Dose. — See  Quinine. 

QUININE  SULPHAS-^Quinine  Sulphate 

(Quin.  Sulph.) 

The  sulphate  [(C2oHj40,Nj)2.H2S04+7H20  «  872.62]  of  the  alkaloid  qumine. 
Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description. 

White,  silky,  hght,  flexible  glistening,  efflorescent  crystals,  making  an  easily 
compressible  mass,  or  hard  prismatic  monoclinic  needles;  persistent  bitter  taste: 
darkens  on  exposure  to  light;  soluble  in  about  725  parts  of  water,  in  about  86  parts  of 
alcohol  and  in  about  36  parts  of  glycerin;  slightly  soluble  in  chloroform  and  ether: 
easily  soluble  in  a  mixture  of  7  volumes  of  chloroform  and  4  volumes  of  dehydrated 
alcohol;  solution  in  diluted  sulphuric  acid  shows  vivid  blue  fluorescence.  For  details 
see  U.S.P.,  p.  355. 

For  tests  for  identity  (including  thalleioquin  reaction)  see  U.S.P.  For  impurities: 
Ammonimn  salts  (completely  soluble  in  a  mixture  of  2  volumes  of  chloroform  and 
1  volume  of  dehydrated  tdcohol).  Other  cinchona  alkaloids  (carefully  prepared 
aqueous  solution  remains  clear  when  mixed  with  a  definite  amount  of  ammonia  water 
at  15°C.)  see  U.S.P.,  p.  355.     Carbonizable  matter  and  morphine,  see  Quinine. 

Remarks. — The  official  test  for  distinguishing  quinine  from  other 
cinchona  alkaloids  is  a  modification  of  Kemer's  test,  which  required  that 
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when  an  evaporated  mixture  of  quinine  and  ammonium  sulphate  is 
treated  with  water  and  filtered,  the  filtrate  should  yield  a  clear  liquid 
with  a  specific  quantity  of  ammonia  water.  Quinine  and  all  its  alka- 
loids are  valuable  antipyretics  and  antiperiodics,  that  is,  they  reduce 
fever  and  relieve  malaria.  The  different  acids  combined  with  the  alka- 
loid in  the  several  salts  somewhat  modify  the  action  according  to  the 
properties  of  the  acid. 
Dose. — See  Quinine. 

■ 

Quinidine. — Extraction, — See  Qainine  (p.  810). 

Kemarks, — Quinidine,  CtoHi4N]Ot,  is  iBomeric  with  quinine,  and,  like  it.  Lb  sup- 
posed to  be  methoxycinchonine. 

It  is  of  minor  importance  in  medicine,  having  been  official  in  the  pharmacopoeia 
of  1890  in  the  form  of  sulphate. 

The  salts  of  quinidine,  like  those  of  quinine,  show  a  fluorescence  in  acid  solution, 
and  quinidine  also  responds  to  the  thalleioquin  test. 

QUININE  TANNAS— Quinine  Tannate 

(Qttin.  Tan.) 


A  compound  of  the  alkaloid  quinine  with  tannic  acid,  of  somewhat  varying  com- 
position and  containing  not  less  than  30  per  cent,  nor  more  than  35  per  cent,  of 
anhydrous  quinine  (CioHi^OiNs).  Preserve  it  in  weU-elosed  containers,  protected 
from  light. 

Summarized  Description, 

Pale  yellow  or  yellowish-wbite  amorphous  powder;  not  more  than  slightly  bitter 
and  astnngent;  slightly  soluble  in  water,  chloroform  or  ether;  more  soluble  in  alcohoL 
For  details  see  U.S.P. 

For  tests  for  identity  and  for  impurities:  Uncombined  quinine  (extracted  with 
three  portions  of  ether;  the  ethereal  solution,  on  evaporation  yields  not  more  than 
0.5  per  cent,  of  residue).  Heavy  metals,  chlorides,  sulphates  (usual  tests)  see  U.S. P., 
p.  356  and  also  Part  V  of  this  book. 

Outline  of  Assay. — Mix  the  tannate  with  water  and  ammonia  water  and  then 
shake  out  with  several  portions  of  ether.  The  mixed  ethereal  extracts  on  evapora- 
tion yield  a  residue,  which  when  dried,  weighs  from  30  to  35  per  cent,  of  the  original 
sample  taken.    For  details  see  U.S. P. 

Remarks. — As  mentioned  on  p.  811  this  new  oflicial  salt  of  quinine  has 
the  advantage  of  being  almost  devoid  of  bitterness. 
Dose. — ^200  miUigrammes  (3  grains). 

Cinchonidine.— £a^raction. — See  Quinine  (p.  810). 

Remarks. — Cinchonidine  is  isomeric  with  cinchonine,  and  is  supposed 
to  have  the  same  graphic  formula  (p.  810).  It  is  only  sparingly  soluble 
in  ammonia  water,  and  this  explains  the  principle  of  Kemer's  test  for 
quinine  described  on  p.  813.  The  sodium  and  potassium  tartrate  test  given 
below  in  the  monograph  on  cinchonidine  siilphate  is  based  upon  the  fact 
that  Rochelle  salt  prevents  the  precipitation  of  cinchonidine  by  ammonia 
water;  whereas  cinchonine  and  quinidine  are  precipitated  when  so 
treated. 

A  striking  test  for  cinchonidine  is  the  color  produced  by  the  oxidation 
of  the  alkaloid  by  means  of  a  crystal  of  potassium  dichromate  and  sul- 
phuric acid,  when  a  brilliant,  grass-green  color  results. 

CINCHONIDINiB  SULPHAS— Cinchonidine  So^hate 

(Cinchonid.  Sulph.) 

The  sulphate  [(CitHtsNsO)t.HiJ304+3HsO -740.53]  of  an  alkaloid  obtained  from 
the  bark  of  sevend  species  of  cinchona.  Preserve  it  in  well-oloeed  containen  pro- 
tected from  light. 
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Summarized  Description. 

White,  gUstening,  silky  needles  or  prisms;  ver^  bitter  taste;  soluble  in  about  65 
parts  of  water,'  in  about  72  parts  of  alcohol  and  in  about  900  parts  of  chloroform; 
almost  insoluble  in  ether;  aqueous  solution  is  Isevorotatory;  when  dried,  melts  at 
200^*0.,  with  partial  decomposition;,  solution  in  diluted  sulphuric  acid  only  faintly 
fluorescent.     For  details  see  U.S.P. 

For  tesU  for  identity  and  for  imjmrities:  Cinchonine  and  quinidine  sulphate  (when 
the  salt  is  mixed  with  water  and  with  i)ota8sium  and  sodium  tartrate  and  then  filtered; 
the  filtrate  is  not  made  more  than  faintly  turbid  by  a  trace  of  ammonia  water)  see 
U.S. P.,  p.  113.    Carbonizable  matter,  see  Quinine. 

Remarks. — ^This  alkaloidal  salt  enjoyed  a  large  sale  prior  to  1880, 
when  the  high  price  of  quinine  sulphate  (which  then  sold  at  $5  an  ounce) 
made  that  important  alkaloid  a  luxtiry.  It  is  used  like  quinine,  but  is 
not  80  effective. 

Dose. — 150  milligrammes  (2J^  grains). 

STRYCHNINA— Strychnine 
(Strych.) 

An  alkaloid  [CsiHssOsNs»  334.20]  obtained  from  nux  vomica,  and  also  obtainable 
from  other  seeds  of  the  Loganiaceo!,     Preserve  it  in  well-closed  containers. 

Summarized  Description, 

Colorless,  transparent,  prismatic  crystals  or  white  crystalline  powder;  bitter  and 
very  poisonous;  soluble  in  about  6400  parts  of  water  in  about  110  parts  of  alcohol  and 
in  about  7.5  parts  of  chloroform;  also  soluble  in  benzene;  sparingly  soluble  in  ether; 
aqueous  solution  is  Isevorotatory.     For  details  see  U.S.P.,  p.  416. 

Color  Teste. — Violet  blue,  then  purple,  then  cherry  red  with  sidphuric  acid — 
ammonium  vanadate  reagent.  Blue,  then  violet,  then  purplish  red,  tnen  cherry  red 
and  finally  orange  yellow,  with  sulphuric  acid  and  potassium  dichromate. 

Impurities. — Readily  carbonizable  matter,  see  quinine.  Bromine  (yellow,  not 
red,  with  nitric  acid).     For  details,  see  U.S.P. 

Extraction. — Nux  vomica  is  extracted  with  a  diluted  alcohol  containing  a  trace  of 
sulphuric  acid.  To  the  tincjbure  thus  obtained  is  added  slaked  lime  enough  to  neutralize 
the  acid  after  which  the  alcoholic  solution  of  the  free  alkaloid  is  filtered  from  the 
lime  precipitate  and  the  alcohol  is  distilled.  The  residue  after  distillation  of  the  alcohol 
is  dissolved  in  diluted  add  and  to  the  filtrate  enough  ammonia  is  added  to  precipitate 
the  strychnine  and  the  brucine.  The  latter  is  then  dissolved  from  the  mixture  bv 
the  use  of  cold  diluted  alcohol.  Then  the  residue  treated  with  boiling  alcohol,  which 
dissolves  the  strychnine,  and  this  is  decolorized  by  treatment  with  animal  charcoal. 
The  alkaloid  is  eventuimy  precipitated  from  the  alcoholic  solution  by  treatment  with 
alkali. 

Remarks. — ^This  alkaloid  was  discovered  by  Pelletier  and  Caventou 
in  1818.  It  is  the  active  principle  of  nux  vomica  and  Ignatia  bean, 
from  which  it  is  extracted  as  explained  above. 

According  to  Ferkin  and  Robinson,  the  graphic  formula  of  strychnine 
is  presumably 

xl 

HC         C  CH        CH 


HC       4        d        iacH. 
\  /  ^  ^    /\  /V  \ 

C  N       C       CH      CH, 

CO     N — CH      CH, 
CH,  CHOH 

The  synthesis  of  strychnine  has  not  yet  been  accomplished. 
Interesting  among  the  reactions  of  strychnine  is  its  behavior  under 
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different  oxidizing  agents.  Thus,  when  strychnine  is  first  dissolved  in 
concentrated  sulphuric  acid  (which  it  does  without  any  change  in  color), 
and  when  a  small  crystal  of  potassium  dichromate  is  added,  a  violet  color 
changing  to  tints  of  red,  then  orange,  and  yellow  results.  This  test  is 
said  to  detect  one  part  of  strychnine  in  600,000.  It  is,  however,  open  to 
fallacy.  Professor  J.  U.  Lloyd  having  shown  that  a  mixture  of  morphine 
and  hydrastine  will  give  a  similar  color  reaction.  Professor  Lloyd  makes 
the  confusion  of  such  a  combination  for  strychnine  a  dramatic  feature  of 
one  of  his  romances. 

A  very  prominent  characteristic  of  strychnine  is  its  intensely  bitter 
taste,  the  bitterness  being  shown  in  a  dilution  of  1  to  700,000,  which  can 
be  stated  more  strikingly  by  saying  that  this  dilution  represents  about 
a  grain  of  strychnine  to  twelve  gallons  of  water. 

Strychnine  is  a  powerful  nervous  stimulant,  and  is  usually  dispensed 
as  a  sulphate. 

Dose. — 1}^  milligrammes  (J^o  grain). 

It  is  recogniz^  by  the  pharmacopoeia  in  the  form  of  the  free  alkaloid, 
and  also  as  the  nitrate  and  the  sulphate. 


STRYCHNINE  NTTRAS— Strychnine  Nitrate 

(Strych.  Nit) 

The  nitrate  [CsiHnOsNs.HNO|»  397.21]  of  the  alkaloid  strychnine.  Preserve 
it  in  well-closed  containers,  protected  from  light. 

Summarized  Description, 

Colorless,  glistening  needles  or  white,  crystalline  powder;  bitter,  very  poisonous; 
soluble  in  about  42  parts  of  water,  in  about  120  parts  of  alcohol  and  in  about  60  parts 
of  glycerin;  less  soluble  in  chloroiorm;  insoluble  in  ether;  aqueous  solution  is  IsBvoro- 
tatory.     For  details  see  U.8.P.,  p.  416. 

For  testa  for  identity  and  for  impuritiea  see  Strychnine. 

Doses. — IJ^  milligrammes  (J^o  grain). 


STRYCHNINE  SULPHAS— Strychnine  Sulphate 

(Strych.  Sulph.) 

The  sulphate  [(C2iHM02Ns)rH,S04+5HsO« 856.56]  of  the  alkaloid  strychnine. 
Preserve  it  in  well-closed  containers. 

Summarized  Description. 

Colorless  or  white,  efflorescent,  prismatic  crystals  or  white,  crystalline  powder; 
soluble  in  about  32  parts  of  water  and  in  about  65  parts  of  alcohol;  also  soluble  in 
glycerin,  less  so  in  chloroform;  insoluble  in  ether. 

For  tests  for  identity  and  for  impurities  see  Strychnine. 

Remarks. — Both  the  sulphate  and  the  nitrate  are  used  like  the  alka- 
loid, strychnine,  and  in  the  same  dose. 
Dose. — 1}^  milligrammes  (3^o  grain). 

Brucine  is  an  unofficial  alkaloid,  associated  with  strychnine  in  nux  vomica  and 
igdatia.  It  is  of  little  importance  in  pharmacy  and  medicine,  except  that  some  com- 
merci^  strychnine  has  not  been  fully  purified  from  brucine.  This  is  detected  by  the 
fact  that  brucine  when  treated  witn  concentrated  nitric  acid  gives  a  brilliant  red 
tint,  while  strychnine  will  dissolve  practically  colorless. 
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VERATRINA— Veiatrine 
(Veratrin. — Veratria.) 

A  mixture  of  alkaloids  obtained  from  the  seed  of  Asagrcui  offidnalia  (Chamiaao 
and  Schlechtendal)  Lindley  (Fam.  LUiacece).  Preserve  it  in  weU-elosed  containers, 
protected  from  light. 

Summarized  Descrifiion. 

White  or  grayisn-white  hygroscopic,  amorphous  powder:  odorless,  but  extremely 
irritating  to  the  nasal  mucous  membrane^  very  poisonous;  soluble  in  about  1750  parts 
of  water,  in  about  2.2  parts  of  alcohol,  m  about  1  part  of  chloroform  and  in  about 
3  parts  of  ether;  insoluble  in  petroleum  benzin.     For  details  see  U.S. P.,  p.  486. 

Color  Testa, — Orange  red,  with  greenish  fluorescence,  then  deep  red  with  sulphuric 
acid.    Green,  then  blue,  then  colorless,  with  sugar  and  sulphuric  acid. 

Impurities, — Foreign  alkaloids  (not  precipitated  by  platinic  chloride)  see  U.S.P. 

Extrcuiion. — Powdered  cevadilla  seeds  are  extracted  with  90  per  cent,  alcohol, 
the  percolate  concentrated  and  poured  into  a  large  quantity  of  water,  thus  precipi* 
tating  resin,  fat.  etc.  The  aqueous  liquid  is  then  made  alkaline  with  ammonia,  and 
the  precipitated  veratrine  purified  hy  washing  with  water,  dissolving  in  diluted 
hydrochloric  acid,  and  precipitating  with  ammonia. 

Remarks. — Veratrine  is  a  mixture  of  alkaloids  obtained  from  cevadilla 
seeds.  The  word  veratrine  is  unfortunate,  inasmuch  as  it  would  suggest 
that  the  alkaloid  is  obtained  from  the  official  veratrum.  This  is  not  the 
case,  the  alkaloid  having  originally  been  discovered  in  cevadilla  seeds  in 
1818,  by  Meissner,  who  called  the  alkaloid  sabadilline,  suggesting, 
however,  that  if  the  same  alkaloid  was  found  in  other  species  of  veratrum, 
it  might  be  well  to  call  it  veratrine.  The  ^ame  year,  however,  Pelletier 
and  Caventou  isolated  veratrine  from  white  veratrum,  and  from  this 
fact  the  alkaloid  obtained  its  name. 

The  chemistry  of  this  alkaloid  has  been  comparatively  little  studied. 
As  above  mentioned,  it  is  now  considered  a  mixture  of  alkaloids.  It  is  a 
quinoline  derivative,  as  shown  by  its  decomposition  products. 

Its  chief  reactions,  as  cited  above,  are  the  colors  produced  with  con- 
centrated sulphuric  acid,  the  tint  ranging  from  yellow  to  cherry  red, 
according  to  conditions  of  mixing. 

It  will  be  noted  in  the  alkaloidal  reactions  of  the  new  pharmacopoeia 
that  selenous  acid  plus  sulphuric  acid  is  given  a  place  as  an  alkaloidal 
color  reagent — in  the  case  of  veratrine  a  green-brown  color  is  produced. 

Veratrine  is  used  internally  very  seldom,  and  then  as  a  sedative.  Its 
chief  use  is  externally  as  a  destroyer  of  vermin  and  in  some  forms  of  skin 
trouble,  in  which  case  it  is  usually  dispensed  as  the  official  oleate  of  vera- 
trine or  as  the  ointment. 

Dose. — No  dose  is  given  for  veratrine  in  the  present  pharmacopoeia. 
The  last  pharmacopoeia  put  the  dose  at  2  milligrammes. 

Group    IV. — ^The    Isoquinoline    DERiVATrvEs 

Isoquinoline  is  a  substance  having  the  same  empiric  formula  as 
quinoline,  the  only  difference  between  the  two  being  in  the  location  of  the 
nitrogen  atom.     (See  formula  of  quinoline  on  page  796.) 

HYDRASTINA— Hydrastine 

An  alkaloid  [C2iHtiN0e— 383.18]  obtained  from  hydrastis  or  prepared  synthetic- 
ally.    Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description, 

White  to  creamy-white  glistening  prisms  or  white  micro-crystalline  powder ;  almost 

5* 
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insoluble  in  water;  soluble  in  about  135  parts  of  alcohol  and  in  about  2  parts  of  ehlonh 
fonn;  also  soluble  in  ether  and  in  benzene;  melts  at  131  °C.  For  details  see  U.S.P., 
p.  222. 

Color  Test8,-r-Yellow,then  (on  heating)  purple,  with  sulphuric  acid.  Green,  then 
olive  green,  then  brown,  with  sulphuric  acid — ^molybdic  acid  reagent.  Beddiah 
yellow,  with  nitric  acid.  Li^t  green,  then  brown,  with  sulphuric  acid — selenousacid 
reagent.     For  details  see  U.S. P. 

Imi^riiies. — Hydrastinine  (solution  in  diluted  sulphuric  acid  not  fluoiesoent). 
Berbenne  (solution  in  diluted  hydrochloric  acid  not  reddened  by  chlorine  water). 
For  details  see  U.S.P. 

Extraction. — A  decoction  of  hydrastis  is  made  with  water  containing  acetic  acid. 
This  is  evaporated  to  a  syrup  and  mixed  with  three  volumes  of  20  per  cent,  sulphuric 
acid.  This  causes  the  separation  of  the  crystals  of  bisulphate  of  berberine  ^^ow 
h^drastine).  The  mother  liquor  is  made  alkaline  with  ammonia,  and  the  crude  pie- 
cipitated  hydrastine  is  purified  by  recrystallization  with  alcohol  or  acetic  acid. 

Remarks. — Hydrastine,  on  treatment  with  oxidizing  agents  (diluted 
nitric  acid),  splits  into  hydrastinine  and  opianic  acid: 

Hydrastine. 

H     H 

C    C CH C 


/O— C     C     N(CH,)  OCO— C     CH 

CH,<        I       II       I  I      IL        +     H,0     +    O 
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Hydrastine.  Opianic  acid. 
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A 
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Hydrastine  occurs  in  handsome  white  crystals,  soluble  in  135  parts  of 
alcohol  and  insoluble  in  water.  It  is  largely  used  as  an  astringent,  and 
especially  in  gonorrheal  washes.  Unfortunately,  two  articles  are  known 
in  commerce  as  hydrastine,  the  white  crystals  above  described,  which  are 
quite  expensive,  and  the  so-called  yellow  hydrastine,  which  is  nothing  less 
than  berberine. 

Dose. — 10  milligrammes  (}4  grain). 

HTDRASTtN^  HYDROCHLORmUM— Hydrastine 

Hydrochloride 

(Hydrastin.  HydrochL — Hydrastine  Chloride) 

The  hydrochloride  JCuHjiNOe.HCl «  419.^5]  of  the  alkaloid  hydrastine.    fnaerft 
it  in  well-closed  contamers,  protected  from  light. 

Summarized  Description^ 

White  to  creamy- white  hydroscopic  powder;  very  soluble  in  water  and  in  •^^JJJ^*' 
less  soluble  in  chloroform  and  in  ether;  gives  the  silver  nitrate  test  for  chloiides. 

For  te8t8  for  identity  and  for  impurities  see  hydrastine. 

Remarks. — ^This  salt  of  hydrastine  has  been  made  oflScial  in  order  to 
furnish  a  water  soluble  compound  of  the  alkaloid. 
Dose. — 10  milligrammes  Q4  grain). 
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Berberine  is  an  unofficial  alkaloid  obtained  from  hydrastis  and  also  from  the  root 
of  Berberia  vtUffaria;  hence  its  name.  To  all  these  drugs  it  transmits  its  characteristic 
yellow  color.  Its  structural  formula  is  similar  to  hydrastine,  although  even  more 
complex. 

Hydrastinine. — This  is  an  artificial  alkaloid  obtained  from  hydrastine  by  treatment 
with  appropriate  oxidising  agents.  The  synthesis  of  hydrastinine  from  piperonal 
acetalamine  has  been  accomplished,  the  successive  stages  of  this  synthesis  being 
graphically  shown  below: 

Piperonal  acetalamine.  Methylene  dioxyisoquinoline. 

H     H  H     H 

C     C  C    C 

yO— C     C     N  yO-C    C     N 

*^0— C    CH  CH,  '^O— C    C    CH 

Y    ^H(OCH.,.  YY 

H  H    H, 

Hydrohydrastinine.  Hydrastinine. 

CH  CH,  H 

C     CHO 


/Y\ 


/O— C     C     NCH.  y\/ 

CH,<         I       11       I  -►                   yO—C     C    N 

^O— C     C    CH,  CH,<         I       11      I 

V/V/  ^O— C     C    C 


H     Ha 


YV 

H    H, 


NHCH, 
H, 


HYDRASTININE  HYDROCHLORIDUM— Hydiastinixie 

Hydrochloride 

(Hydrastinin.  Hydrochl. — Hydrastinine  Chloride) 

The  hydrochloride  [ChHuNOlHCI  »  225.57]  of  hydrastinine,  an  alkaloid  obtained 
by  the  oxidation  of  hydrastine.  Preserve  it  in  well-closed  containers,  protected  from 
light. 

Summary  of  Description. 

Light  yellowish  needles  or  yellowish-white  crystalline  powder;  very  soluble  in 
water  and  alcohol;  less  soluble  in  chloroform  and  in  ether;  melts  at  210°C.  with 
partial  decomposition;  aqueous  solutions  show  bluish  fluorescence.  For  details  see 
U.S.P.,  p.  223. 

For  tests  for  identity  and  impurities:  Hydrastine  (precipitate  produced  by  bromine 
water  makes  an  almost  colorless  solution  with  ammonia  water).  Foreign  alkaloids 
(aqueous  solution  not  made  turbid  by  adding  a  few  drops  of  ammonia  water;  solution 
treated  with  sodium  hydroxide  solution  1  m  7,  gives  almost  colorless  supernatant 
liquid),  see  U.S.?. 

Remarks. — It  is  worth  noting  that  an  aqueous  solution  of  this  salt 
gives  a  blue  fluorescence,  somewhat  similar  to  that  exhibited  by  quinine. 
It  is  used  as  a  uterine  astringent. 

Dose. — ^30  milligrammes  (3^  grain). 

Group  V. — Phdnanthrbnb  Dbrivativbb 

The  difficultv  of  making  a  clear-cut  definition  for  alkaloids  is  shown  in  the  case 
of  morphine  and  its  allied  opium  alkaloids.  The  definition  for  alkaloids  given  on  p. 
7OT9  states  that  they  are  derivatives  of  pyridine,  quinoline,  or  allied  bodies,  and  ^et 
latest  investigations  seem  to  show  that  morphine,  one  of  the  most  prominent  alkaloids, 
is  not  a  derivative  of  isoquinoline  as  long  supposed^  but  ia  derived  from  phenan- 
threne,  an  isomere  of  anthracene,  and,  therefore,  contaming  no  nitrogen.  The  graphic 
formula  of  phenanthrene  is — 
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H    H 

H      /      \       H 
C — C  C— c 

HC  C— C  CH 

o=c  C=C 

H   H  H   H, 

and  the  graphic  formula  of  morphine  is  supposed  to  be 

CH, 


The  synthesis  of  morphine  has  not  yet  been  accomplished. 

MORPHINA— Morphine 

An  alkaloid  [CnHitOtN+HiO^  303.18]  obtained  from  opium.  Preserve  it  in 
well-closed  containers,  protected  from  light. 

Summarized  Deacriplion. 

Colorless  shinins  rhombic  prisms  or,  fine  needles  or  crystalline  powder;  soluble  in 
about  3340  parts  oi  water  ana  in  about  168  parts  of  alcohol  and  in  100  parts  of  lime 
water;  also  soluble  in  chloroform  and  ether;  insoluble  in  bensene.  For  details  see 
U.S.P.,  p.  276. 

Color  Testa, — Not  more  than  reddish  yellow  with  sulphuric  acid.  Orange  red  to 
yellow,  with  nitric  acid.  Blue,  then  green,  then  brown,  with  sulphuric  acid — selenous 
acid  reagent.  Purple,  then  blue,  with  sulphuric  acid — ^molybdic  acid  reagent.  Deep 
purple,  with  sulphuric  acid  and  formaldehyde.  Deep  blue,  with  potassium  ferricya- 
nide  and  ferric  chloride.    For  details,  see  U.S.P. 

Impurities. — Codeine  (the  ferricyanide  test  just  given)  meconic  acid  (solution 
in  diluted  hydrochloric  acid  not  reddened  by  ferric  chloride  solution.  Ammonium 
salts  (no  ammoniacal  odor  on  heating  with  potassium  hydroxide  solution).  Foreign 
idkaloids  (a  modified  volumetric  test).     For  details,  see  U.S.P. 

Extraction, — An  aqueous  infusion  of  opium  is  made  alkaline  and  the  precipitated 
alkaloid  after  filtration  and  washin^^,  is  aissolved  in  a  diluted  sulphuric  acid.  This 
acid  solution  la  decolorized,  by  filtration  through  animsd  charcoal,  is  then  concentrated 
and  is  crystallised  in  a  leaden  tank.  If  the  solution  is  of  the  proper  density,  when 
it  is  stirred  while  cooling,  the  morphine  sulphate  crystallizes  suddenly  to  a  soud  mass 
This  accomplished,  the  mother  liquor  is  allowed  to  drain  from  the  tank,  the  crystal- 
line mass  is  cut  into  bricks,  which  are  placed  upon  absorbent  surfaces  and  are  then 
allowed  to  dry.  During  this  drying,  the  coloring  matter  comes  to  the  surface  of  the 
brick  forming  a  brown  or  black  scurf.  This  is  cut  off  with  a  sharp  knife,  leaving 
the  rest  of  the  brick  practically  pure  morphine  sulphate.  From  this,  of  course,  the 
other  salts  of  morphine  and  the  alkaloid  itself  can  be  prepared. 

Remarks, — Morphine  is,  with  the  po&sible  exception  of  quinine,  the 
most  important  of  the  alkaloids.  It  is  also  interesting  as  being  the  first 
alkaloid  to  be  isolated,  its  separation  from  opium  being  accomplished 
by  Sertiirner,  an  apothecary  of  Eimbeck,  in  1806. 

Important  points  in  the  tests  just  given  are:  The  color  produced 
by  the  alkaloid  in  combination  with  sulphuric  acid  and  molybdic  acid 
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and  the  blue-green-brown  color-play  produced  by  action  of  morphine 
on  sulphuric  acid  and  selenous  acid.  These  tests  distinguish  morphine 
from  the  other  opium  alkaloids. 

Morphine,  when  sprinkled  upon  concentrated  nitric  acid,  gives  a 
red  color  similar  to  brucine.  The  reaction,  however,  differs  from  the 
brucine  reaction  by  being  less  permanent,  and  is  of  value,  distinguishing 
morphine  from  quinine. 

Morphine  is  used  like  opium  as  a  hypnotic  and  sedative. 

Dose, — 8  milligrammes  (J^  grain). 

Morphine  is  official  in  the  form  of  the  free  alkaloid,  also  as  acetate, 
hydrochloride,  and  the  sulphate. 

MORPHmJS  HYDROCHLORmUM— Morphine 

Hydrochloride 

(Morph.  Hydrochl. — Morphine  Chloride) 

The  hydrochloride  [CieHi»O.N.Ha-h3HiO  =375.68]  of  the  alkaloid  morphine. 
Preserve  it  in  well-closed  containers  protected  from  Ught. 

Summarized  Description, 

White  silky  glistening  needles,  or  cubical  masses,  or  white  crystalline  powder; 
soluble  in  about  17.5  parts  of  water  and  in  about  42  parts  of  alcohol;  also  soluble  in 

flycerin ;  insoluble  in  ether  and  in  chloroform ;  gives  the  silver  nitrate  test  for  chlorides, 
'or  details  see  U.S.P.,  p.  276. 

For  tests  for  identity  and  for  impurities,  see  morphine. 

Other  Impurity,— ^ApomoTphine  (aqueous  solution  treated  with  pota^um  carbonate 
and  then  shaken  with  chloroform  does  not  give  a  green  lower  layer.)  See  U.S. P., 
p.  277. 

Dose.— 8  milUgrammes  (H  grain). 

MORPHINES  SULPHAS— Morphine  Sulphate 

(Morph.   Sulph.) 

The  sulphate  [(Ci7Hi,O.N)«.HtS04+5HaO =758.49]  of  the  alkaloid  morphine. 
Preserve  it  m  well-closed  containers,  protected  from  light. 

Summarized  Description, 

White,  feathery,  acicular,  silky  crystals  or  cubical  masses;  soluble  in  about  15.5 
parts  of  water  and  in  about  457  parts  of  alcohol;  insoluble  in  chloroform  or  ether; 
gives  barium  chloride  test  for  sulphates.     For  details,  see  U.S. P.,  p.  277. 

For  tests  for  identity  and  for  impurities,  see  morphine. 

Remarks, — These  two  morphine  salts  are  used  like  the  alkaloid.  Of 
them,  the  sulphate  is  the  most  largely  used. 

Magendie's  solution  is  an  aqueous  solution  of  morphine  sulphate, 
16  grains  to  the  fluidounce.  Syrup  of  Morphine,  1  grain  morphine  to  the 
fluidounce,  is  used  in  the  south,  where  a  mixture  of  equal  quantities  of 
the  syrups  of  squill,  tolu,  morphine,  and  ipecac  is  prescribed  as  ^'four 
syrups,'^  or  '^syrupus  quatuor,*' 

Dose.— 8  milligrammes  m  grain). 

DIACETYLMORPHmA— Diacetyhnorphine 

(Diacetylmorph.) 

An  alkaloid  [CiiHjiNOi  or  Ci7Hi7(O.C,H,0),NO  -  369.19]  prepared  from  mor- 
phine by  acetylization.    Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  Description, 

White,  crystalline,  inodorous  powder;  soluble  in  about  1700  parts  of  water,  in 
about  25  parts  of  alcohol  and  in  about  2  parts  of  chloroform;  also  soluble  in  etner; 
melts  between  171.5*  and  173.5*'C. 

Color  Test. — ^Yellow,  then  greenish  blue  with  nitric  acid.     For  details,  see  U.S.P. 
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ImpurUie9. — Other  alkaloids  (soluble  in  5  per  cent,  potassium  hydroxide  solution). 
Ammonium  salts  (no  ammoniacal  odor  on  heating  with  potassium  hydroxide  solu- 
tion). Readily  carbonizable  matter  (makes  colorless  sulphuric  acid  solution).  Mor- 
phine (no  blue  color  with  potassium  ferricyanide — ^ferric  chloride  reagent).  Foreign 
alkaloids  (modified  volumetric  test)L.     For  details  see  U.S. P.,  p.  190. 

Remarks, — This  n^w  official  substance,  largely  used  under  the  name 
heroin,  is  an  acetic  ester  of  morphine  prepared  by  replacing  two  hydroxy!, 
groups  of  that  alkaloid  by  acetyl  groups.  This  acetylization  is  accom- 
plished by  heating  morphine  with  acetyl  chloride,  washing  the  product 
with  diluted  alkali  solution  and  then  with  water  and  finally  crystallizing 
from  alcohol.  It  is  used  as  a  sedative  and  since  it  has  been  misused, 
it  is  one  of  the  prohibited  drugs  mentioned  in  antinarcotic  laws. 

Dose. — ^3  milligrammes  (J^o  grain). 

DIACETTLMORPHINJS  HYDRQCHLORmUM— Diacetylmocphiiie 

Hydrochloride 

(Diacetylmorph.  Hydrochl. — Diacetylmorphine  Chloride) 

The  hydrochloride  [C,iH„NOi.HCH-H,0  or  Ci7Hi7(O.C,H,0)tNO.Ha-fH,0 
»  423.68]  of  the  alkaloid  diacetylmorphine.  Preserve  it  in  well-closed  contidnera, 
protected  from  Ught. 

Summarized  Description. 

White,  crystalline  powder;  soluble  in  water  and  alcohol;  insoluble  in  chloroform 
or  ether;  melts>  at  230''C.;  gives  silver  nitrate  test  for  chlorides.  For  details  see 
U.S.P.,  p.  130. 

For  teste  for  identity  and  for  impurities  see  diacetylmorphine. 

Remarks. — This  hydrochloride  is  the  heroin  compound  in  general 
use,  it  having  the  advantage  over  the  free  alkaloid  of  being  very  soluble 
in  water. 

Dose.— 3  milligrammes  (Mo  grain). 

MTBYLNLOKPBUUM  HYDROCHLORmUM— 
Ethylmorphine   Hydrochloride 

(JSthylmorph.  Hydrochl. — Ethylmorphine  Chloride) 

The  hydrocMoride  [Ci»H,gN0,HCH-2H,0  or  Ci7Hi7NO(OH)(OCiH,).Ha-h 
2HiO  » 385.69]  of  an  alkaloid  prepared  from  morphine  by  ethylation.  Preserve  it  in 
well-closed  containers,  protected  from  light. 

Summarized  Description, 

White  or  yellowish,  odorless,  microcr^stalline  powder;  soluble  in  about  8  parts  of 
water  and  in  about  17  parts  of  alcohol;  sh^htly  soluble  in  chloroform  and  ether;  melts 
at  123°C.,  with  decomposition.     For  details,  see  U.S.P.,  p.  34. 

Color  Test. — Green,  then  violet  blue,  when  warmed  with  ferric  chloride  and  sul- 
phuric acid.     Deep  red,  when  foregoing  mixture  is  treated  with  nitric  acid. 

Impurities. — Ammonium  compounds  (no  alkaline  vapors  on  heating  with  potas- 
siimi  hydroxide  solution.)  Morpnine  (no  blue  or  ereen  color  with  potaasium  ferri- 
cyanide—ferric  chloride  reagent.     For  details,  see  uTS.P.,  p.  35. 

Remarks. — This  new  official  synthetic  is  largely  used  under  the  trade 
name,  dionin.  It  is  made  by  the  action  of  ethyl  iodide  on  morphine  in 
the  presence  of  alkali.  Like  heroin,  it  has  been  claimed  lo  be  devoid  of 
the  objectionable  qualities  of  morphine. 

Dose.—\b  milligrammes  (K  grain). 

Apomorphine. — This  interesting  artificial  alkaloid  is  prepared  by  heating  morphine 
with  concentrated  hydrochloric  acid  in  sealed  tubes  to  150^C.  The  sealed  tubes  in 
this  case  are  tubes  of  glass  about  a  quarter  of  an  inch  thick  and  3  feet  lon^,  origi- 
nally in  the  shape  of  an  ordinary  test-tube.     Hie  ingredients  are  placed  in  this  tube^ 
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and  then  the  upi>er  portion  is  drawn  to  a  fine  point  by  heating  in  a  blast  lamp  flame. 
In  this  way  the  ingredients  are  sealed  within  the  walls  of  glass.  This  tube  is  then 
wrapped  up  in  paper  and  placed  within  an  iron  tube,  stopped  at  one  end  with  an 
appropriate  cap.  This  tube  is  then  placed  in  a  suitable  oven  and  is  heated  for  the 
requisite  time,  and  after  cooling  for  a  time  the  sealed  tip  is  opened  cautiously  to  per- 
mit the  escape  of  the  compressed  gases,  and  is  fiiially  broken  by  cutting  with  a  glass 
file. 

The  formula  for  apomorphine  differs  from  that  of  morphine  simply  by  the  loss  of 
one  molecule  of  water,  which  is  removed  by  the  action  of^conoentrated  nydrochloric 
acid,  as  mentioned  above. 

APOMORPHINJS  HYDROCHLORmUM— 
Apomorphine  Hydrochloride 

(i^omorph.  Hydrochl. — Apomorphine  Chloride) 

The  hydrochloride  [Ci7Hi7NOsHCl+3^HsO« 312.62]  of  an  alkaloid  prepared 
from  morphine  by  the  abstraction  of  one  molecule  of  water.  Preserve  it,  protected 
from  light,  in  small,  well-stoppered  vials,  which  have  been  previously  rinsed  with 
diluted  hydrochloric  acid  and  dried. 

Apomorphine  Hydrochloride  must  be  rejected  if  it  imparts  at  once  an  emerald- 
green  color  to  100  parts  of  distilled  water  when  shaken  with  it  in  a  test  tube. 

Summarized  Description, 

Minute  white  or  grayish-white,  glistening  monoclinic  prisms;  turns  greenfon 
exposure  to  light  and  air;  soluble  in  dhoxit  50  parts  of  water  and  about  40  parts  of 
alcohol;  slightly  soluble  in  chloroform  or  ether.     For  details  see  U.S. P.,  p.  51. 

For  tests  for  identity  and  for  impurities:  Decomposition  products  (ethereal  solution 
not  more  than  pale  reddish).    See  U.S.P.,  p.  52. 

Remarks, — Apomorphine  hydrochloride  dissolves  in  water  in  a  color- 
less solution,  but  on  standing  it  changes  to  a  greenish  tint.  .The  nature 
of  the  decomposition  is  not  yet  fully  understood,  but  is  worth  bearing  in 
mind  in  prescription  practice  since  a  green  solution  should  not'  be  dispensed. 
This  alkaloid  salt  is  emetic,  being  of  pacticular  value  employed  hypoder- 
mically  in  cases  of  attempted  suicide  by  poisoning. 

Dose, — Expectorant,  3  milligrammes  (J^o  graui) ;  emetic,  by  mouth,  10 
milligrammes  ()^  grain) ;  emetic,  hypodermic,  5 milligrammes  (^2  grains). 

CODEINA— Codeine 
(Codein.) 

An  alkaloid  [CisHsiNOt+HiO  or  Ci7Hi8(CH,)NOt+HtO»«317.19]  obtained 
from  opium,  or  prepared  from  morphine  by  methylation.  Preserve  it  in  well-closed 
containers  protected  from  light. 

Summarized  Description. 

Colorless,  translucent  slishtly  efflorescent  rhombic  prisms  or  crystalline  powder; 
soluble  in  about  120  parts  of  water  and  in  about  1.6  parts  of  alcohol;  also  soluble  in 
chloroform  and  ether;  aqueous  solution  is  Isvorotatory;  when  dried  melts  between 
ISl**  and  156*iC. 

Color  Tests, — Green,  then  blue,  then  grass-green,  with  sulphuric  acid-selenous  acid 
reagent.  Not  more  than  faint  pmk  with  sulphuric  acid;  then  blue  by  adding  ferric 
chloride,  then  red  by  adding  nitnc  acid.   For  details  see  U.S.P.,  p.  118. 

Imvurities. — Morphine  (not  green  nor  blue  with  potassium  ferricyanide — ferric 
chlorioe  reagent)  see  U.S. P. 

Extrcuiion, — The  aqueous  infusion  of  opium  is  concentrated  and  treated  with 
calcium  chloride,  which  holds  the  alkaloids  in  solution  as  hydrochlorides,  while  the 
meconic  acid,  color,  etc.,  are  precipitated.  The  filtrate  is  concentrated,  when'  the 
hydrochlorides  of  codeine  and  morphine  cr^allize.  The  mixed  salts  are  redissolved 
in  water  and  the  solution  made  alkaline  with  ammonia,  which  precipitates  the  mor- 
phine. The  filtrate  on  concentration  yields  crystals  of  codeine  hyorochloride,  and 
the  free  alkaloid  is  obtained  from  this  by  treatment  with  potassa.  The  aboTe  process 
is  also  another  of  the  many  methods  for  obtaining  morphine  from  opium. 
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Remarks. — Codeine  is  another  of  the  numerous  alkaloids  found  in 
opium,  and  can  be  obtained  synthetically  by  treatment  of  morphine 
with  potassium  hydroxide  and  methyl  iodide.  This  synthesis  and  other 
investigations  show  that  it  is  methyl  ether  of  morphine. 

Characteristic  reactions  of  codeine  are,  as  of  many  alkaloids  already 
studied,  the  behavior  of  the  substance  with  concentrated  sulphuric 
acid  and  various  oxidizing  or  reducing  agents,  such  as  nitric  acid,  ferric 
chloride,  selenous  acid,  and  formaldehyde.  These  tests  are  of  value 
in  distinguishing  codeine  from  morphine,  as  is  also  the  fact  that  codeine 
turns  yellow  with  nitric  acid  and  not  red,  as  does  morphine. 

Dose. — 30  milligrammes  (J^  grain). 

CODEINES  PHOSPHAS— Codeine  Phosphate 

(Codein.  Phos.) 

The  phosphate  [Ci8H,iNO^H,P04-|-2H,0  or  Ci7Hi8(CH,)NO,.H,P04+2HjO - 
433.27]  of  the  alkaloid  codeine.  It  yields  not  less  than  67  per  cent,  of  anhydrous 
codeine  (CitHaiNOs).    Preserve  it  in  well-closed  containers,  protected  from  light. 

Summarized  DescripHon. 

Fine,  white,  efflorescent  needle-shaped  crystals  or  crystalline  powder;  soluble  in 
about  2.3  parts  of  water  and  in  about  2ol  parts  of  alcohol;  sparingly  soluble  in  chloro- 
form and  ether;  for  tests  for  identity  and  for  impurities^  see  codeine. 

Outline  of  Assay. — Dissolve  the  salt^  make  the  solution  alkaline  with  potassium 
hydroxide  and  shake  out  three  times  with  chloroform.  Evaporate  the  chloroformic 
extract,  dry  and  weigh  the  residue.  Yield  should  be  not  less  than  67  per  cent,  of  the 
'  original  sample.     For  details,  see  U.S.  P. 

Dose. — 30  milligrammes  (J^  grain). 

CODEINES  SULPHAS— Codeine  Sulphate 

(Codein.  Sulph.) 

The  sulphate  [(Ci»HtiNO,),.H,S04+5H,0  or  (CitHi8(CH,)NOi),.H,S04+ 
5HtO»  786.52]  of  the  alkaloid  codeine.  Preserve  it  in  well-closed  containen, 
protected  from  light. 

Summarized  Descriptiori. 

Long,  white  glistening,  white,  needle-shai)ed  efflorescent  crystals  or  crystalline 
powder;  soluble  in  about  Sd  parts  of  water  and  in  about  1035  parts  of  alcohol,  insoluble 
m  chloroform  or  ether;  gives  the  barium  chloride  test  for  sulphates. 

For  tests  far  identity  and  for  impurities^  see  Codeine. 

Remarks. — The  imcombined  alkaloid,  as  well  as  the  phosphate  and 
the  sulphate,  are  official,  and  these  are  used  as  sedatives  in  cough-mix- 
tures and  the  like,  being  administered  in  much  larger  doses  than  is  mor- 
phine and  its  salts — one-half  grain  being  considered  as  a  safe  dose  of 
any  of  three  official  forms. 

Dose, — 30  milligrammes  (H  grain). 

COTARNIN£  HYDROCHLORmUM— Cotamine  Hydrochloride 

(Cotam.  Hydrochl* — Cotarnine  Chloride) 

Quaternary  oxymethyl-oxymethylene-dihydro-isoquinoline  chloride  [CisHuNOtCl 
or  CCHtO)  (CH,Oi).C,H»N  (CH,)C1  =255.58]  obtamed  by  hydrolyiing  narcotine, 
and  treating  the  resulting  cotamine  I(CH,0)  {CHtOj)C8Hi(CHO).NH(CH«)]  with 
hydrochloric  acid. 

Summarized  Description. 

Yellow,  deliquescent,  crystalline  powder  very  soluble  in  water  and  in  alcohoL 
For  details,  see  U.S.P.,  p.  124. 

For  testa  for  identity  see  U.S.  P. 
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Remarks. — This  new  official  synthetic  is  known  in  commerce  as  ^styp- 
ticin.  As  the  name  suggests,  it  is  a  derivative  of  narcotine;  being  made 
from  the  latter  alkaloid  by  oxidization  with  diluted  nitric  acid. 

Stypticin  is  used  as  a  hemostatic  analgesic  and  uterine  sedative. 

Dose. — 60  milligrammes  (1  grain). 

Styptol  is  cotamine  phthalate.     It  is  a  yellow  powder  used  like  stypticin. 

Dose.—i5  milligrammes  (%  grain). 

Group  VI. — Alkaloids  Whose  Structure  is  Little  Understood 

Physostigmine. — About  all  we  know  of  the  structure  of  this  alkaloid 
can  be  expressed  in  the  following  formula: 


C,H.O 


f  CONHCH, 
NCH, 

NCeH. 


A  characteristic  reaction  of  physostigmine  is  the  red-blue  color- 
play  produced  when  its  ammonium  hydroxide  solution  is  evaporated 
on  a  water-bath  and  acidified  with  acetic  acid;  as  well  as  the  color  pro- 
duced with  nitric  acid. 

The  alkaloid  is  extracted  from  calabar  bean  by  extracting  same  in 
fine  p)owder  with  warm  alcohol  containing  0.1  per  cent,  tartaric  acid. 
The  alcohol  is  distilled  from  the  tincture,  the  residue  treated  with  water, 
the  filtrate  shaken  with  ether  to  remove  color,  and  then  made  alkaline 
with  potassium  bicarbonate,  and  again  shaken  out  with  ether,  which  this 
time  extracts  the  free  alkaloid,  which  is  obtained  by  evaporation  of  the 
ethereal  solution. 

Physostigmine,  or  eserine,  as  it  is  sometimes  called,  is  recognized 
by  the  pharmacopoeia  in  the  form  of  salicylate. 

PHYSOSTIGMINE  SALICYLAS— Physostigmine  SaUcylate 
(Physostig.  Salicyl. — Eserine  Salicylate) 

The  salicylate  [Ci8HiiOsN|.C7HtOs»  413.25]  of  an  alkaloid  obtained  from  phyBo- 
stigma.     Preiserve  it  in  small,  well-closed  containers,  protected  from  light. 

Summarized  Descrivtion. 

Ck)lorle88  or  faint  yellow,  shining^  acicular  or  short  columnar  crystals;  turns  red 
on  exposure  to  light  and  air;  very  poisonous;  soluble  in  about  75  parts  of  water  and  in 
about  12.7  parts  of  alcohol  and  m  about  8.6  parts  of  chloroform ;  less  soluble  in  ether. 
For  details  see  U.S. P.,  p.  320. 

For  tests  for  identity  and  for  imjmrities.  Sulphate  (barium  chloride  test).  Readily 
carbonizable  matter  {sulphuric  acid  solution  not  darker  than  yellow),  see  U.S. P. 

Remarks. — Salts  of  physostigmine  are  very  deUquescent,  and  the  phai^ 
macist  is  warned  against  buying  even  so  small  a  quantity  as  a  gramme 
unless  the  whole  Quantity  is  to  be  dispensed  at  one  timej  nor  is  it  advis- 
able to  keep  the  physostigmine  salts  in  solution,  as  the  originally  colorless 
solution  turns  a  dark  red.  One  of  the  largest  manufacturers  of  alkaloids 
now  dispenses  physostigmine  in  one-grain  tubes,  which  are  sealed  by  a 
blow-pipe,  thus  precluding  all  contact  with  the  atmosphere.  Such  is  the 
only  way  that  the  pharmacist  should  keep  eserine  in  stock. 

Physostigmine  salts  are  used  almost  entirely  as  miotics — that  is,  for 
producing  contraction  of  the  pupil  of  the  eye.  If  given  internally,  they 
are  used  as  tonics. 

Do8e.—l  milligramme  (Ho  grain). 
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ACONITINA— Aconitine 
(Aconitin.) 

An  alkaloid  [CtiHfTNOii^* 645.39]  obtained  from  aconite.  Preserve  it  in  well- 
closed  containers  protected  from  light. 

Summarized  Descripiian, 

Colorless  or  white  rhombic  tables  or  prisms;  extremely  poisonous;  highly  diluted 
(1  in  100,000)  gives  tingUng  and  numbing  sensation  to  the  tongue ;  soluble  in  about  3200 
parts  of  water,  in  about  22  parts  of  alcohol  and  in  about  5.6  parts  of  benzene;  less 
soluble  in  ether:  almost  insoluble  in  petroleum  benzin;  melts  at  about  IdS^C.  For 
details  see  U.S.P..  p.  28. 

Color  Testa. — No  color  with  nitric  or  sulphuric  acid.  Orange  with  sulphuric  acid 
— ammonium  vanadate  reagent.     For  details  see  U.S. P. 

Impurities, — Pseudocontine  or  atropine  (no  violet  color  on  treatment  with  nitric 
acid,  followed  by  alcoholic  potassium  hydroxide)  see  U.S.P. 

ExtractioTL — Powdered  aconite  is  exhausted  with  amvl  alcohol  and  the  percolate 
shaken  out  with  0.2  per  cent,  sulphuric  acid.  The  acid  solution  is  freed  from  resin 
and  other  impurities  oy  shaking  with  ether,  and  is  then  made  alkaline  with  sodium 
carbonate  and  shaken  out  with  ether. 

The  crude  alkaloid  obtained  by  evaporation  of  the  ethereal  solution  is  purified 
by  recrystallization  from  ether  or  from  alcohol. 

Composition, — ^Investigations  of  aconitine  have  developed  its  formula  to  the  extent 
shown  below: 

fCH, 
(OH), 
CioHmN  \  OC,H,0 
OCHsCO 
I  (0CH,)4 

Remarks. — ^This  chemical  is  interesting  as  being  the  most  potent 
official  substance,  being  administered  in  the  smallest  dose.  In  fact,  its 
use  internally  is  not  advisable. 

Medical  Properties. — ^Like  aconite. 

Dose. — 0.16  milligramme  (J<ioo  grain). 

■ 

COLCHICINA— Colchicine 

An  alkaloid  [CsiHi»NOe  * 399.21]  obtained  from  colchicum.  Preserve  it  in  well- 
closed  containers,  protected  from  light. 

Summarized  Description. 

Pale  yellow  amorphous  scales  or  pale  yellow  amorphous  powder,  darkens  on  ex- 
posure to  light^  extremely  poisonous;  soluble  in  about  22  parts  of  w^ater;  very  soluble 
m  alcohol  and  m  chloroform:  less  soluble  in  ether  and  benzene;  insoluble  in  petroleum 
benzin;  aqueous  solution  is  Iffivorotatory  and  of  a  yellow  color;  melts  between  142^ 
and  146°C;.     For  details  see  U.S.P.,  p.  120. 

t'or  tests  for  identity  and  for  impurities:  Colchiceine  (aqueous  solution  not  colored 
by  ferric  chloride  solution).     Chloroform  (the  isonitrile  reaction)  see  U.S. P.,  p.  121. 

Extraction. — Powdered  colchicimi  seed  are  extracted  with  90  per  cent,  hot  alcohol, 
the  alcohol  recovered  by  distillation,  and  the  residue  treated  with  water.  The  filtrate 
is  shaken  out  with  chloroform,  the  chloroformic  solution  of  the  alkaloid  evaporated, 
the  residue  dissolved  in  water,  and  again  shaken  out  with  chloroform.  On  evapora- 
tion of  the  solvent  a  crvstallme  chloroformic  compound  of  colchicine  is  left,  and 
this  is  dissolved  in  alcohol,,  concentrated  by  distillation,  again  shaken  out  with  chloro- 
form, and  the  chloroform  distilled  off.  The  residue  is  cussolved  in  warm  ether,  and 
the  colchicine-chloroform  crystals  mixed  with  water  and  warmed  until  the  chloroform 
evaporates.  The  aqueous  solution  of  purified  colchicine  is  then  evaporated  to  dryness. 
The  shaking  out  with  several  portions  of  chloroform  is  necessary  to  free  the  colchicine 
from  brown  coloring-matter. 

Composition, — 

[  (OCH3), 
C16H9    NHCOCHa 
I  COOCH, 
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Medical  Properties. — ^Like  colchicum  (p.  829). 
Dose. — J^  milligramme   (K20   grain). 

PELLETIERINJS  TANNAS^PeUetierine  Tannate 

(Pellet  Tann.) 

A  mixture  in  varying  proportions  of  the  tannates  of  four  alkaloids  (punicine,  iso- 
punicine,  methyl-punicine,  and  pseudo-punicine),  obtained  from  pomegranate. 
Freserve  it  in  small,  well-closed  containers,  protected  from  light. 

Summarized  Descrivtion, 

light  yellow,  oaorless,  amorphous  powder;  astringent  taste;  soluble  in  about  240 
parts  of  water  and  in  about  12.6  parts  of  alcohol;  less  soluble  in  ether;  insoluble  in 
chloroform.     For  details  see  U.S.r.,  p.  311. 

For  tests  for  iderUily  and  for  impurities:  Foreign  alkaloids  (acidulated  solution  not 
precipitated  by  platinic  chloride)  see  U.S. P. 

Aranti/odtire.— Ground  pomegranate  bark  is  mixed  with  milk  of  lime  and  ex- 
tracted with  water.  The  percoutte  is  shaken  with  chloroform  and  the  separated 
chloroformic  layer  is  shaken  with  diluted  sulphuric  acid.  The  acid  solution  of  the 
sulphates  of  the  alkaloids  is  treated  with  tannic  acid  and  the  precipitated  tannates 
collected  on  a  filter  and  dried. 

Composition. — As  mentioned  in  the  official  definition  given  above, 
this  body  is  a  mixture  of  four  alkaloids  each  of  which  resembles  the  tro- 
pines  in  structure.  The  free  alkaloidal  mixture  is  a  volatile  liquid,  but 
the  official  tannate,  like  all  salts  of  liquid  alkaloids,  is  a  solid. 

Medical  Properties, — Tenifuge. 

Dose. — ^250  milligrammes  (4  grains). 

EMETINiE  HYDROCHLORIDnM— Emetine  Hydrochloride 

(Emet.  Hydrochl.) 

The  hydrochloride  [C»oH44Ns04.2Ha -569.31]  of  the  alkaloid  emetine,  obtained 
from  ipecac.  It  contains  variable  amounts  of  water  of  cryBtallization.  Pr^rve  it  in 
dark  amber-colored  vials  protected  from  light. 

Summarized  Description, 

White  or  slightly  yellow  crystalline  powder,  darkening  on  exposure  to  light;  freely 
soluble  in  water  or  alcohol;  does  not  lose  more  than  19  per  cent,  of  its  original  weight 
at  100**C.     For  details  see  U.S.P..  p.  133. 

Color  Test, — Bright  green  witn  sulphuric  acid — ^molvbdic  acid  reagent. 

Impurities. — Readily  carbonizable  matter  (color  01  sulphuric  acid  solution  not 
more  than  faint  yellow).  Gephselin  (aqueous  alkaline  mixture  is  shaken  out  with 
ether  and  then  acidulated,  made  alkaline  with  ammonia  and  again  shaken  out  with 
ether.  This  second  ethereal  extract  is  not  made  purple  by  sulphuric  acid — molybdic 
acid  reagent).     For  details  see  U.S.P.,  p.  133. 

Remarks. — This  alkaloid  of  ipecac  has  lately  come  into  tremendous 
vogue  both  as"  a  remedy  for  amebic  dysentery  and  for  pyorrhea,  the  dis- 
tressing dental  infection. 

Dose. — Hypodermic,  20  milligrammes  (3^  grain). 

Alkaloidal  Drugs 

IPECACUANHA— Ipecac 
(Ipecac. — Ipecacuanhse  radix  P.I.) 

The  dried  root  of  Cephadis  Ipecacuanha  (Brotero)  A.  Richard,  known  in  commerce 
as  Rio  Ipecac,  or  of  Cephaelis  acuminata  Karsten,  known  in  commerce  as  Cartagena 
Ipecac  (Fam.  RubiacecR)^  without  the  presence  or  admixture  of  more  than  5  per  cent, 
of  stems  and  yielding  not  less  than  1.75  per  cent,  of  the  ether-soluble  alkaloids  of 
loecac. 

ila«ay.— Part  V  (p.  910). 
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Constiluenls. — Emetine^  cephaeline,  psychotrine  ipecacuanhic  (icid  (a 
form  of  tannin)  y  a  phytosterol,  starch,  etc. 

Medical  Properties. — Expectorant  or  emetic,  according  to  dose. 
Official  preparations:  FluidextrcuA  (p.  245)  and  Dover's  powder  (p.  293). 
The  fluidextract  is  a  constituent  of  the  syrup  (p.  197). 

Dose. — Of  drug:  Expectorant,  65  niilligrammes  (1  grain);  emetic, 
I  gramme  (15  grains). 

GELSEMIUM— Gelsemium 
(Gelsem. — Yellow  Jasmine  Root — Yellow  Jessamine) 

The  dried  rhizome  and  roots  of  Gelsemium  sempervirena  (Liim4)  Aiton  jQlius  (Fam. 
Loganiacea). 

ConstituerUs. — Alkaloids  {gelseminey  getsemininCf  sempennriney  etc.) 
scopoletin  (the  mono-methyl-ester  of  esculetin,  formerly  called  gdseminic 
acid),  volatile  oil,  resin  (consisting  of  a  phytosterol;  pentatriacontane, 
CS5H72;  and  ipuranol,  C23H8802(OH)2;  combined  oleic,  palmitic,  stearic 
and  linolic  acids),  etc. 

Medical  Properties. — Antipyretic,  etc.  The  tincture  (p.  227)  and 
fluidextract  (p.  244)  and  the  extrcuU  (p.  276)  are  official. 

Dose. — ^30  milligrammes  (3^  grain). 

Pareira  (U.S.P.  VIII:  N.F.  IV)  is  the  dried  roots  of  Chandrodendran  lomeniosum 
Ruiz  et  Pavon  (Fam.  Menispermacea). 

The  drug  contains  alkaloids  (bebeerine,  isobebeerine,  chondodendron,  etc.)}  fat, 
starch,  and  tannin.    It  is  used  as  a  simple  bitter,  diuretic,  in  30-grain  doses. 

ACONrrUM— Aconite 
(Aconit — Monkshood — Aconite  Root — ^Aconiti  tuber  P.I.) 

The  dried  tuberous  root  of  Aconitum  NapeUua  Iinn4  (Ftasx.  Ranunculacea)^ 
without  admixture  of  more  than  5  per  cent,  of  stems  and  other  foreign  matter,  and 
gelding  not  less  than  0.5  per  cent,  of  the  ether-soluble  alkaloids  of  Aconite.  If  made 
mto  fluidextract  and  assayed  biologically  the  minimum  lethal  dose  should  not  be 
greater  than  0.00004  mil  for  each  gramme  of  body  weight  of  guinea-pig. 

il««ay.--Part  V  (p.  909). 

ConstiliLents. — Aconitine,  nepelline,  aconitic  acid,  etc.  Acon,Uine  con- 
sists of  true  aconitine,  pseudoaconitine,  aconine,  pseudaconine,  picraconi- 
tine,  etc. 

Remarks. — Aconite  is  a  tuberous  root  from  the  Ranunculaces,  or 
crowfoot  family.  Its  weU-known  poisonous  property  is  due  to  its 
alkaloid,  aconitine,  which  is  supposed  to  exist  in  the  root  as  the  salt 
of  aconitic  acid.  This  acid  is  closely  allied  to  citric  acid,  as  a  side-by- 
side  comparison  formula  will  show: 

Citric  acid.  Aconitic  acid. 
CH2COOH  OH— COOH 
COH— COOH  C COOH 

CH,— COOH  CH,— COOH 

Like  citric  acid,  aconitic  acid  is  not  poisonous.  It  is  found  in  several 
plants  other  than  aconite;  for  instance,  sorghum  and  yarrow. 

Medical  Properties. — Of  value  in  fevers  produced  from  colds,  neural- 
gia, etc.  Locally  as  a  local  irritant  and  anesthetic.  The  tincture  (p.  222) 
fluidextract  (p.  245)  and  extract  (p.  273)  are  official. 

Dose. — 30  milligrammes  (J^  grain). 


THE    PYRIDINE   AND   QUINOLINE   DERIVATIVES  829 

Berberis  (U.S.P.  VIII  j  N.F.  IV),  or  Oregon  grave  root,  is  "the  rhizome  And  roots  of 
species  of  the  section  Odoeteman  Rafinasque  of  tne  genus  Berberis  linn^."  It  con- 
tains berberine,  CsoHitNO*  (p.  819),  oxyctcanihirie,  Ci»H2tN0a,  berbaminey  CisHitNOs, 
etc.    It  is  used  as  a  tonic  and  stimulant  in  30-grain  doses. 

COLCHICI  CORMUS— Colchicum  Conn 
(Colch.  Conn. — Colchicum  Root) 

The  dried  corm  of  Colchicum  atUumnaU  Linn6  (Fam.  LUiaceoB),  yielding  not  less 
than  0.35  per  cent,  of  colchicine. 
Aesay, — See  p.  908. 

ConstUvsrUs. — Colchicine,  coUhiceine,  fat,  gum,  starch,  inulin,  etc. 

Remarks, — Colchicum  is  official  in  two  forms :  the  "  corm  "  and  the  seed 
of  Colchicum  aviumnale,  a  pretty  little  liliaceous  plant  called  "  meadow- 
saffron,"  that  decks  the  pastures  of  South  Germany  with  beautiful  pink 
flowers  during  the  month  of  September.  A  "conn"  is  a  variety  of 
tuber,  the  most  familiar  example  of  a  tuber  being  the  Irish  potato.  The 
potato  grows  underground,  but  it  is  not  a  root,  for,  bear  in  mind,  that 
is  an  erroneous  impression  that  an  underground  plant  part  has  to  be  a 
root.  The  difference  between  a  root  and  a  stem  is  that  while  the  latter 
always  bears  leaves,  the  former  never  does.  The  potato  must,  therefore, 
be  a  stem  part,  for  it  bears  leaves,  the  "eyes"  of  the  potato  being 
minute  leaf  groups,  which  sprout  under  favorable  circumstances.  Such 
a  thick,  fleshy  stem  part,  growing  underground  and  designed  as  the 
storehouse  for  food  for  the  next  year's  growth,  is  called  a  tuber,  and 
colchicum  root  is  a  modification  of  a  tuber  called  a  corm.  A  corm 
differs  from  a  tuber  by  growing  at  the  immediate  base  of  the  stem  instead 
of  at  the  end  of  a  subterranean  shoot,  as  the  regular  tuber  does. 

Medical  Properties. — Of  great  value  in  gout.  Its  use,  however, 
must  not  be  long  continued,  as  it  soon  irritates  the  stomach  and  intestines. 

The  extract  (p.  274)  is  official. 

Dose. — Of  drug,  250  milligrammes  (4  grains). 

COLCHICI  SEMEN— Colchicum  Seed 
(Colch.  Sem. — Colchici  semen  P.I.) 

The  dried  seeds  of  Colchicum  aiUumruUe  Linn6  (Fani.  LUiacefr),  yielding  not  less 
than  0.45  per  cent,  of  colchicine. 
Assay. — See  p.  908. 

Constituents. — Colchicine^  cotchiceine^  fruit  sugar,  mucilage,  tannin, 
fixed  oil  (6  to  8  per  cent.) 

Mecical  Properties. — Like  the  corm.  The  tincture  (p.  226),  and  fluid- 
extract  (p.  244)  are  official. 

Dose, — ^200  milligrammes   (3  grains). 

SANGUINARIA— Sanguinaria 
(Sanguin. — Blood    Root) 

The  dried  rhizome  and  roots  of  Sanguinaria  canadensis  Linn6  (Fam.  PapaMferacect) . 

Constituents. — Sanguinarine,  chelerythrinej  protopine^  berherine,  resins, 
etc. 

Remarks. — The  drug  is  called  blood  root  because,  in  the  spring,  the 
fresh  rhizome,  when  broken,  exudes  a  red  juice.  Likewise  the  dried 
drug  is  deep  red  in  the  interior. 
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Medical  Properties, — Nauseant  expectorant.  The  tindure  (p.  232) 
is  official. 

DoBe. — 125  milligrammes  (2  grains). 

SPIGELIA— Spigelia 
(Pinkroot) 

The  dried  rhizome  and  roots  of  Spigelia  marilandica  Lum4  (Fam.  LoganiaoetB), 
without  the  presence  or  admixture  of  more  than  10  per  cent,  of  stems  or  other  foreign 
matter. 

ConstUuenta. — Spigdine  (volatile  alkaloid),  volatile  oil,  resins,  etc. 
Medical  Properties. — Vermifuge.    Administered  as  fiuidexh'act,  U.S.P. 
(p.  244). 

Dose. — 4  grammes  (60  grains). 

HYDRASTIS— Hydrastis 
(Golden  Seal) 

The  dried  rhizome  and  roots  of  Hydrastis  canadensis  Linn6  (Fam.  Ranuneulaeea)^ 
without  the  presence  or  admixture  of  more  than  2  per  cent,  of  the  stems,  leaves  and 
other  foreign  matter  and  yielding  not  less  than  2.5  per  oent.  of  the  ether-soluble  alkaloids 
of  E^drastis. 

ConatiiuerUe. — Hydrastine,  berberine,  canadine,  resin,  starch,  etc. 

Remarks. — Hydrastis,  the  rhizome  and  rootlets  of  Hydrastis  carutden^ 
siSf  is  an  American  drug,  which  has  obtained  world-wide  reputation. 
Note  its  two  leading  constituents,  of  which  the  hydrastine  should  be 
white.  Hydrastine  is  very  expensive,  hence  the  cheap  yellow  berberine 
is  often  substituted  for  it.  Note  that  it  is  berberine  which  gives  the  drug 
the  characteristic  yellow  color,  which  suggested  the  synonym,  golden  seal. 

Medical  Properties. — ^Bitter  stomachic,  useful  in  catarrlud  trouble, 
hence  of  value  as  injection  in  gonorrhea.  For  this  purpose  the  official 
glycerite  (p.  211)  is  largely  used.  The  tincture  (p.  228),  the  extract  (p. 
277)  and  the  fiuidextract  (p.  245)  are  also  official. 

Dose. — 2  grammes  (30  grains). 

VERATRUM  VHUDE— Veratrum  YiiiAe 
(Verat  Vir. — Green  Hellebore — American  Hellebore) 

The  dried  rhizome  and  roots  of  Veratrum  viride  Aiton  (Fam.  Ijiliace(B)j  without 
the  presence  or  admixture  of  more  than  5  per  cent,  of  stems  or  other  foreign  matter. 

ConslitverUs. — Jervine,  pseudojervinef  rubijervinef  verairoidiney  cevadine. 
White  veratrum  contains  veratrine  and  also  the  alkaloids  above  mentioned. 
The  official  veratrine  comes  from  cevadilla  seed  (p.  817). 

Remarks. — While  the  last  pharmacopoeia  recognized  both  American 
hellebore  and  white  hellebore  under  the  title  "Veratrum;"  in  the  present 
edition,  ovly  veratrum  viride  is  official.  It  is  used  as  a  sedative,  emetic 
and  diuretic. 

Dose. — 60  milligrammes  (1  grain). 

CmCHONA— Cinchona 

(Cinch. — Yellow  Cinchona — Calisaya  Bark — Yellow  Peruvian  Bark) 

■   The  dried  bark  of  Cinchona  Ledgeriana  Moens,  Cinchona  Calisaya  Weddell,  and  of 
hybrids  of  these  with  other  species  of  Cinchona  (Fam.  RvbiacecB),  yielding  not  I 
than  5  per  cent,  of  the  alkaloids  of  Cinchona. 
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CINCHONA  RUBRA— Red  Cinchona 
(Cinch.  Rub. — Red  Peruvian  Bark) 

The  dried  bark  of  Cinchona  stuxtmbra  Pavon  (Fam.  Rubiacece),  or  of  its  hybrids, 
yielding  not  less  than  5  per  cent,  of  the  alkaloids  of  Red  Cinchona. 

ConstiluerUs. — Quinine,  quinidine,  cinchonine,  cinchonidine;  and  many 
other  alkaloids,  kinic  acid,  kinovic  acid,  and  cinchotannic  acid. 

Cinchona  barks  are  alkaloidal  drugs,  whose  value  is  scarcely  second 
to  opium.  In  these  barks  the  pharmacopoeia  gives  a  wide  range  of  selec- 
tion, for,  while  dividing  them  into  two  groups — cinchona  and  cinchona 
rubra — ^that  authority  allows  the  use  of  any  cinchona  bark  containing 
6  per  cent,  of  the  alkaloids  peculiar  to  the  species.  Under  the  heading 
''cinchona  rubra"  we  find  but  one  species  allowed — Cinchona  succirubra, 
the  last  word  meaning  "red  juice."  But  under  the  head  "cinchona" 
permission  is  given  to  use  any  cinchona  yielding  6  per  cent,  of  total 
alkaloids. 

Time  forbids  an  extended  sketch  of  the  origin  and  history  of  the  cin- 
chona barks,  but  the  student  is  advised  to  read  the  subject  in  the  dis- 
pensatories. Here  need  only  be  said  that  the  general  introduction  of 
the  bark  was  due  to  the  Countess  of  Chinchon,  w&e  of  a  viceroy  of  Peru, 
who  was  cured  of  malaria  by  the  use  of  the  drug  in  the  sixteenth  century, 
since  when  it  has  gained  the  esteem  of  the  entire  world.  The  reckless 
collection  of  the  drug  by  chopping  down  wild  trees,  with  no  attempt  to 
plant  new  ones  in  their  stead,  threatened  the  extermination  of  this 
valuable  drug,  but,  fortunately,  this  danger  was  averted  by  the  com- 
mencement of  the  systematic  cultivation  of  the  drug  by  the  Dutch  in 
Java  and  by  the  English  in  India,  who  have  taken  most  of  the  business 
from  its  first  home — Chile  and  Peru. 

Note  that  of  the  large  number  of  alkaloids  separated  from  cinchona, 
but  four — quinine,  quinidine,  cinchonine,  cinchonidine — are  worthy  of 
careful  study. 

Note  also  that  cinchona  contains  a  large  amount  of  tannin,  hence 
glycerin  is  added  to  the  menstruum  in  preparing  its  official  preparations. 
This  also  explains  the  well-known  prescription  incompatibiUty,  the 
inky  liquid  obtained  by  mixing  preparations  of  cinchona  with  iron  salts 
(p.  949);  hence  in  preparing  such  pharmaceuticals  as  elixir  of  cinchona 
and  iron  the  cinchona  percolate  must  be  "detannated"  before  adding 
the  iron  salt. 

Mention  must  be  made  of  a  former  official  product  of  cinchona,  which 
was  dropped  in  the  revision  of  1890;  a  substance  called  chinoidine.  In 
the  days  when  quinine  was  worth  $4  to  $5  an  ounce,  a  cheaper  cinchona 
product  was  demanded.  This  was  found  in  chinoidine,  whose  efficiency 
was  due  to  the  imperfect  methods  then  employed  in  making  quinine. 
Quinine  is  separated  from  the  other  cinchona  alkaloids  by  crystallization, 
and  in  the  old  process,  after  the  mother  liquor  had  been  concentrated 
several  times,  thus  yielding  most  of  the  four  official  alkaloids,  it  was 
evaporated  to  a  brown  mass,  still  containing  some  of  the  four  alkaloids, 
as  well  as  all  the  minor  bodies  found  in  the  bark.  But  the  old-time  primi- 
tive methods  of  extraction  have  given  place  to  modem  processes,  by 
which  almost  all  of  the  important  alkaloids  are  won  from  the  cinchona, 
leaving  the  mother  liquor  practically  inert.  Hence  chinoidine  of  to-day 
is  almost  valueless  and  in  the  pharmacopoeial  revision  of  1890  it  was 
omitted. 
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Medical  Properties. — Febrifuge  (quinine  is  a  specific  in  malarial 
fever),  tonic  astringent.  Official  preparations:  Of  red  bark,  compound 
tincture  (p.  226),  of  yellow  bark,  tincture  (p.  225)  B,nd  fiuidextract  (p.  245). 

Dose. — Of  both  barks,  1  gramme  (15  grains). 

GRANATUM— Pomegranate 
(Granat — Pomegranate  Bark) 

The  dried  bark  of  the  steins  and  roots  of  Punica  Granatum  JAdji6  (Fam.  Pumcaeeee), 
without  the  presence  or  admixture  of  more  than  2  per  cent,  of  wood  and  other  foreign 
matter.    Preserve  it  in  tightly  closed  containers. 

Constituents. — PeUetierine,  U.S.P.  punicotannic  acid. 

Remarks. — Note  that  the  official  drug  is  the  bark  of  the  stem  and 
root,  not  the  rind  of  the  fruit,  which  is  so  popular  in  the  southern  States, 
as  a  dysentery  remedy. 

Medical  Property. — ^Tenifuge.  Administered  preferably  as  the  alka- 
loid pelletierine,  or  as  fiuidextract,  U.S.P.  (p.  245). 

Dose. — Of  drug,  2  grammes  (30  grains). 

ASPIDOSPERMA— Aspidosperma 
(Aspidosp. — Quebracho) 

The  dried  bark  of  Aspidosperma  Querhrcu^  bianco  Schlechtendal  (Fam.  Apa- 
cynaceoe),  without  admixture  ot  more  than  2  per  cent,  of  wood  and  other  foreign 
matter. 

Constituents. — Alkaloids  (aspidosperminj  aspidospermatinef  quebrachine, 
etc.),  quebrachol,  CjoHmO;  quebrachit,  C6Hii(OCH8)05,  tannin. 

Remarks. — This  drug,  which  was  recognized  in  U.S.P.  1890  and  which 
was  deleted  from  the  last  pharmacopoeia,  has  again  become  official. 
It  is  a  tonic  and  is  considerably  esteemed  as  a  remedy  for  dysentery. 

Dose. — 4  grammes   (60  grains). 

PILOCAKPnS— Pilocarpus 
(PUocarp. — Jaborandi) 

The  dried  leaflets  of  Pilocarpus  Jaborandi  Holmes,  known  in  commerce  as  Pemam* 
buco  Jaborandi,  or  of  Pilocarpus  microphyUus  Stapf ,  known  in  commerce  as  Maranham 
Jaborandi  (Fam.  Rutacece),  without  the  presence  or  admixture  of  more  than  5  per 
cent,  of  the  stalks  bearing  the  leaflets  ana  stems  of  the  same  plant,  or  other  matter, 
and  yielding  not  less  than  0.6  per  cent,  of  the  alkaloids  of  Pilocarpus. 

i««ay.— See  Part  V  (p.  911). 

Constituents. — Alkaloids  {pilocarpine,  isopilocarpine,  pilocarpidiney 
carpillinef  etc.)  volatile  oil;  resin,  etc. 

Medical  Properties. — Valuable  diaphoretic  and  sialagogue.  Adminis- 
tered in  the  form  of  the  o&cial  fiuidextract  (p.  244). 

Dose. — 2  grammes  (30  grains). 

Coca  (U.S.P.  VIII)  is  the  dried  leaflets  of  Eryihroxylon  Coca  and  Eryihroxylan 
TruxiUenae.  The  drug  contains  cocaine,  hygrine,  cocatannic  acid,  etc.  It  has  been 
used  by  the  natives  of  Peru,  since  the  earliest  times  as  a  stimulant.  The  Indians  chew 
the  leaves  mixed  with  ashes,  and  are  then  capable  of  performing  such  hard  tasks 
as  climbinff  moimtains  with  loaded  backs,  practically  abstaining  from  food  during 
the  trip.  Its  use  as  a  tonic  in  Europe  ana  North  America  covers  a  period  of  many 
years,  out  its  great  consumption  began  in  the  early  eighties,  with  the  oiscovery  of  the 
remarkable  local  anesthetic  action  of  its  alkaloid,  cocaine,  made  official  in  1890  in  the 
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form  of  cocaine  hydrochloride.  The  frightful  abuse  of  cocaine  has  extended  to  coon 
leaves  as  well;  hence  the  revision  committee  decided  to  delete  from  the  present  pharm- 
acopceia,  coca  and  all  of  its  preparations. 

Coca,  as  suggested  above,  is  used  as  a  stimulant,  in  30-grain  doses. 

BELLADONNAS  FOLIA— BeUadonna  Leaves 
(Bellad.   Fol. — Deadly  Nightshade  Leaves — Belladonnse  folium   P.  I.) 

The  dried  leaves  and  tops  of  Atropa  BeUadonna  Linn^  (Fam.  SolanacecB)^  without 
admixture  of  more  than  10  per  cent,  of  its  stems^  or  other  foreien  matter  and  yield* 
ing  not  less  than  0.3  per  cent,  of  the  total  alkaloids  from  Belladonna  Leaves. 

Constituents, — Atropine,  hyoscyamine,  belladannine,  and  other  alka- 
loids, chlorophyll,  etc. 

Remarks. — Belladonna  is  derived  from  the  "deadly  nightshade/' 
Atropa  BeUadonna,  the  leaves  and  root  of  which  are  official.  Both 
contain  atropine,  which  dilates  the  pupil  of  the  eye,  making  it  large  and 
lustrous.  From  this  property  the  drug  gets  its  name,  which  is  Italian 
for  "  pretty  lady."  Besides  atropine,  the  drug  contains  two  other  official 
alkaloids,  hyoscyamine  and  hyoscine,  these  two  being,  of  course,  named 
after  hyoscyamus,  in  which  they  are  first  found.  All  three  of  these 
alkaloids  are  found  in  various  proportions  in  many  of  the  plants  of  the 
Solanacese — the  nightshade  family — to  wlnqji  both  belladonna  and  hyos- 
cyamus belong,  and  all  three,  by  reason  of  the  property  of  dilating  the 
pupil,  are  caUed  the  mydriatic  alkaloids.  Hyoscyamine  and  atropine 
are  isomeres — both  have  the  same  chemical  formula.  In  fact,  so  similar 
are  they  that  they  can  be  distinguished  only  by  the  differing  behavior 
of  their  gold  salts. 

Medical  Properties. — Stimulates  the  higher  centers,  hence  used  in 
asthma  and  to  quicken  the  pulse;  used  to  modify  the  action  of  vegetable 
purgatives,  as  is  shown  in  the  official  compound  laxative  pills,  in  which 
extract  of  belladonna  leaves  is  employed.  Used  externally  in  neuralgia. 
Official  preparations:  the  extract  (p.  273)  and  the  tincture  (p.  224).  From 
the  extract  the  ointment  (p.  332)  is  made. 

Dose. — 60  milligrammes  (1  grain). 

BELLADONNiE  RADIX— Belladonna  Root 
(Bellad.  Rad.— Deadly  Nightshade  Root) 

The  dried  root  of  Atropa  Belladonna  Linn^  (Fam.  SolanacecB)^  without  admixture 
of  more  than  10  per  cent,  of  its  stem-bases  and  yielding  not  less  than  0.45  per  cent,  of 
the  total  alkaloids  from  Belladonna  Root,  ^reserve  Belladonna  Root  in  tightly 
closed  containers  adding  a  few  drops  of  chloroform  or  carbon  tetrachloride  from  time 
to  time  to  prevent  attack  by  insects. 

Constituents. — ^Like  the  leaves,  except  for  absence  of  chlorophyll. 

Remarks. — Note  that  the  root  contains  more  mydriatic  alkaloids 
than  do  the  leaves  (root,  ^^qq  of  1  per  cent.;  leaves,  fio  of  1  per  cent.), 
hence  it  is  administered  in  smaller  dose. 

Medical  Properties. — ^Like  the  leaves.  The  fluidextract  (p.  243)  is 
official,  and  from  it  is  made  the  official  liniment  (p.  265). 

Dose. — Of  drug,  45  milligrammes  (%  grain). 

STRAMONIUM— Stramonium 
(Stramon. — Jamestown  Weed — ^Jimson  Weed) 

The  dried  leaves  of  Datura  Stramonium  Linn6,  or  of  Datura  Talula  Linn4  (Fam. 
SotanacecB),  without  the  presence  or  admixture  of  more  than  10  per  cent,  of  stems  or 
other  foreign  matter,  and  yielding  not  less  than  0.25  per  cent,  of  the  total  alkaloids  of 
Stramonium. 
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Constituents. — Atropine,  hyoscine,  hyoscyamine,  chlorophyll.  The 
constituent  daturine  has  been  proved  a  mixture  of  atropine  and 
hyoscyamine. 

Remarks. — Stramonium  is  the  leaves  of  Datura  Stramonium,  which 
is  the  well-known  "jimson  weed,"  a  plant  growing  all  over  the  United 
States,  Europe,  and  Asia.  It  is  said  that  the  plant  has  become  so  widely 
distributed  through  those  curious  people,  the  gypsies,  who  travel  all 
over  the  world,  carrying  with  them  stramonium  seed — ^for  criminal 
uses  it  is  said.  It  is  also  claimed  that  it  was  the  active  constituent  of 
the  witches'  brew  of  medieval  times.  Note  that  stramonium  belongs 
to  that  plant  family  called  the  Solanace^e,  or  nightshade  family,  which 
furnishes  such  valuable  drugs  as  belladonna  and  hyoscyamus,  and  also 
includes  several  of  our  best  known  vegetables,  like  Irish  potato,  tomato, 
and  egg-plant. 

Belladonna,  hyoscyamus,  and  stramonium  contain  the  three  mydriatic 
alkaloids,  atropine,  hyoscine,  and  hyoscyamine.  Quite  often  we  find 
such  chemical  similarities  existing  between  members  of  the  same  plant 
family — a  very  striking  fact  when  we  consider  that  the  method  by  which 
we  classify  plants  has  nothing  to  do  with  chemistry. 

Medical  Properties. — ^Like  belladonna.  The  extract  (p.  279)  and  the 
tincture  (p.  233),  are  official.  From  the  extract,  the  official  ointment 
(p.  334)  IS  prepared. 

Dose. — 60  milligrammes  (1  grain). 

Stramoniiun  seeds,  which  were  recognized  by  the  pharmacopoeia  of  1890,  nevOT 
enjoyed  the  same  popularity  as  the  leaves,  hence  were  dropped  from  the  eighth 
edition.  They  contained  the  same  alkaloids  and  were  used  similarly  to  the  leaves  and 
given  in  the  same  dose. 

HYOSCYAMUS— Hyoscyamus 
(Hyosc. — Henbane — Hyoscyami  folimn  P.  I.) 

The  dried  leaves  and  flowering  or  fruiting  tops  of  HyoscyarmM  niger  Linn6  (Fam. 
SolanacecB),  yielding  not  less  than  0.065  per  cent,  of  the  alkaloids  of  Hyoscyamus. 

Constituents. — Hyoscyamine  and  hyoscine. 

Remarks. — Hyoscyamus  is  conmionly  called  henbane,  the  official 
drug  being  leaves  plucked  from  the  second-year  stem,  those  of  the  first 
year  being  small  and  almost  inert.  Note  that  the  drug  is  much  weaker 
in  mydriatic  alkaloids  than  are  belladonna  and  stramonium  leaves,  the 
last  two  being  required  to  contain  respectively  ^o  ^^^^d  ^^00  of  1  per 
cent,  of  alkaloids,  while  the  requirement  for  hyoscyamus  is  but  ^^ooo 
of  1  per  cent. 

Medical  Properties. — Similar  to  belladonna,  but  preferable  to  the 
latter  drug  in  insomnia  and  for  relieving  the  excitement  of  insanity. 
Official  preparations:  Extras  (p.  278),  jluidextract  (p.  244),  and  tincture 
(p.  228).  The  fre^h  leaves  steeped  in  a  fixed  oil  along  with  other  drugs 
and  aromatics  is  highly  popular  in  Eiurope  under  the  name  Baume 
TranquiUe,  as  a  remedy  for  earache  and  for  general  us<e  as  a  liniment* 
See  infused  oil  of  hyoscyamus,  N.  F. 

Dose. — Of  drug,  250  milligrammes  (4  grains). 

Scopola  (U.S.P.  VIII)  is  the  dried  rhizome  of  Scopcda  Camiolica.  It  contai&s 
scopolamine  (identical  with  hyoscine);  some  hyoscyamine;  fat,  sugar,  fluorescent 
substance,  etc.  It  was  accorded  pharmacopoeiai  recognition  as  a  source  of  scopo* 
lamine  and  because  its  extract  is  used  by  some  plaster-makers  for  their  so-called  betla* 
donna  plasters.  If  used,  it  is,  like  belladonna  and  hyoscyamus,  a  sedative  and 
narcotic.    DosSj  ^  grain. 
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Tobacco,  the  leaves  of  Nicotiana  tabacum.  was  official  in  former  pharmacopoeias, 
but  was  dropped  in  the  last  revision.  It  was  lormerly  highly  esteemed  as  a  vidnerary, 
but  is  little  used  as  a  drug  by  intelligent  physicians.  A  decoction  of  tobacco  in  which 
corrosive  sublimate  has  been  dissolved  makes  a  satisfactory  bedbitg  poison, 

LOBELIA— Lobelia 

(LobeL — Indian  Tobacco) 

The  dried  leaves  and  flowering  tops  of  Lobelia  inflcUa  Linn6  fFam.  Ldbeliaeeai), 
without  the  presence  or  admixture  oi  more  than  10  per  cent,  oi  stems  and  other 
foreign  matter. 

Constituents. — Lobeline  (a  liquid  alkaloid) ,  lobelic  acidf  resin,  etc. 

Remarks. — ^Lobelia,  or  Indian  tobacco,  is  a  remedy  highly  esteemed  by 
the  natives  and  early  colonists  of  North  America.  It  was  brought  into 
medical  prominence  largely  through  the  efforts  of  eclectic  practitioners. 

Medical  Properties, — Expectorant  and  emetic.  Poisonous  in  large 
doses.     The  tincture  (p.  229)  and  the  fiuidextrad  (p.  245)  are  officii. 

Dose, — 160  milligrammes  (2J^  grains). 

Scomuius  (U.S.P.  VIII;  N.F.  IV).  or  broomiopSf  is  the  dried  tops  of  Cytistu  Sco^ 
parius  (Linn6)  Link  (Fam.  LeguminosfB),  The  drug  contains  sparteine  (liquid  alkaloid). 
seoparin  (neutral  principle),  volatile  oil.  tannin,  etc.  Broom  is  the  '^planta  genista/ 
from  which  the  famous  Plantagenet  family  took  its  name.  It  is  not  the  broom- 
straw  from  which  the  modem  American  brooms  used  in  sweeping  are  made,  albeit 
a  certain  druggist  was  once  known  to  fill  a  prescription  for  "decoction  of  broom" 
from  the  straw  of  that  homely  domestic  article.  Scoparius  is  used  as  a  diuretic,  its 
action  being  due  to  seoparin,  rather  than  to  sparteine.     Dose,  15  grains. 

Chelidonium. — The  entire  plant,  Chelidonium  majus,  was  official  in  the  pharmaco- 
poeia of  1890.  It,  like  the  plant  yielding  opium,  belongs  to  the  natural  order  Papa- 
veraces,  the  poppy  family,  and  its  juice  also  is  somewhat  narcotic.  The  drug  is  not 
used  very  largely.     To  the  poppy  family  belongs  also  sanguinaria. 

Conium  (U.S.P.  VIII;  N.F.  IV)  is  the  full-grown  but  unripe  fruit  of  Conium 
macutatum.  It  contains  coniine.  conhydrine,  a  trace  of  volatile  oil,  and  fixed  oil.  It, 
like  anise,  coriander,  fennel,  ana  caraway,  is  a  fruit  of  the  natural  order  Umbellif era, 
and  closely  resembles  anise  in  appearance — so  much  so  that  it  has  been  confused  with 
that  drug,  and  with  serious  results.  Unlike  the  four  fruits  just  mentioned,  it  contains 
little  or  no  aromatic  oil,  and  does  contain  the  poisonous  liquid  alkaloid  coniine.  This 
alkaloid  has  the  peculiar  odor  of  mice's  urine,  thus  affording  a  good  method  of  dis- 
tinguishing conium  from  anise.  Conium  is  that  ''seed,''  or,  more  correctly^  that  fruit, 
which,  when  triturated  with  solution  of  soda,  gives  off  the  odor  of  mice's  urine. 
Conium  is  narcotic  and  sedative  and  is  given  in  3-grain  doses. 

NUX  VOMICA— Nux  Vomica 
(Nux  Vom. — Strychni  semen  P.I.) 

The  dried,  ripe  seeds  of  Strychnos  Nux-vomica  Linn6  (Fam.  Loganiacea),  yielding 
not  less  than  2.5  per  cent,  of  the  alkaloids  of  Nux  Vomica. 

Constituents, — Strychnine,  brudne,  igasuric  add,  loganine,  fat  and 
albumin. 

Remarks. — The  "buttons"  of  nux  vomica  are  very  characteristic, 
and  their  silky  appearance  is  due  to  the  fine  hairs  with  which  they  are 
covered.  The  fixed  oil  sometimes  proves  troublesome  pharmaceuticaUy, 
the  alcoholic  preparations  frequently  turning  milky  on  addition  of  water. 

Medical  Properties. — Nervous  stimulant  and  bitter  tonic.  Very 
poisonous.  Antidote  is  chloral  hydrate,  which,  however,  merely  lessens 
the  force  of  the  tetanic  convulsions,  and  should  be  used  only  under  direct 
supervision  of  the  physician.  In  some  respects  a  better  antidote  is  an 
alkaloidal  precipitant,  such  as  tannin,  compound  solution  of  iodine,  or 
potassiimi  permanganate.  The  extract  (p.  278),  tincture  (p.  230),  and 
fluideztract  (p.  244),  of  nux  vomica  are  official. 

Dose. — 60  milligrammes  (1  grain). 


• 
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PHTSOSTIGMA— Physostigma 
(Physostig. — Calabar  Bean — Ordeal  Bean) 

The  dried,  ripe  seeds  of  Physostigma  venenosum  Balfour  (Fam.  LeffumiruME) 
yielding  not  less  than  0.15  per  cent,  of  the  alkaloids  of  Phsrsostigma. 

Constituents. — Physostigmine  (or  eserine)^  physovenine,  Ci4Hi80$N2, 
calabarolf  CisH540j(OH)2;  phytosterols  and  other  alcohols  (trifolianol, 
stigmasterol)  silosterol,  glycerides  of  behenic,  stearic,  oleic,  palmitic,  lin- 
olenic  acids,  etc. 

Remarks. — Physostigmine  is  called  "Calabar  bean,"  from  that  sec- 
tion of  Africa  where  it  grows.  Its  alkaloid,  physostigmine,  is  official 
as  the  sulphate  and  as  the  salicylate,  which  is  less  deliquescent  than  the 
other  salts  (p.  825). 

Medical  Properties. — Similarly  to  strychnine,  physostigmine  (p.  825) 
is  used  for  contracting  the  pupil  of  the  eye — ^is  a  miotic,  just  the  reverse 
of  a  mydriatic  (p.  805).  For  this  reason  miotic  drugs  (like  strychnine 
and  ph3rsostigmine)  have  been  suggested  as  antidotes  to  mydriatics 
(such  as  belladonna  and  hyoscyamus),  and  similarly  mydriatics  have 
been  used  as  antidotes  to  miotics.  Such  reasoning  is  not,  however, 
necessarily  logical.  The  extract  (p.  279)  and  tincture  (p.  231)  of  physo- 
stigma are  official. 

Dose. — 100  milligrammes  (IJ^  grains). 


STAPmSAGRIA— Staphisagria 
(Staphisag. — Stavesacre) 

The  ripe  seeds  of  Delphinium  Staphisagria  linn^  (Fam.  RammculacetB),  without 
the  presence  or  admixture  of  more  than  2  per  cent,  of  foreign  vegetable  matter. 

Constituents. — Ddphinine,  delphinoidiney  staphisa^rin,  the  latter  a 
mixture. 

Remarks. — Staphisagria  is  the  pharmacopoeial  name  for  the  seeds 
of  Delphinium  Staphisagria^  a  plant  closely  related  to  the  garden  larkspur, 
Delphinium  consolida.  The  former  plant  has  odd-shaped  flowers  resemb- 
ling the  larkspur.  Stavesacre,  as  the  official  drug  is  called,  is  a  very 
patent  remedy,  and  is  used  chiefly  as  a  wash  for  body-lice. 

Medical  Properties. — When  used  internally  it  acts  something  like 
aconite.  Rarely  employed,  however,,  except  externally  (see  above). 
The  fluidextract  (p.  244)  is  official. 

Dose. — 60  milligrammes  (1  grain). 


ERGOTA— Ergot 
(Ergot — Secale  Cornutum,  P.  I. — Ergot  of  Rye — Spurred  Rye) 

The  carefuHy  dried  sclerotiiun  of  Clavieeps  purpurea  (Fries)  Tulaane  (Fam. 
Hypocreace(B)y  replacing  the  grain  of  rye,  Secale  cerectle  Lmnd  (Fam.  Grafiunas),  without 
the  presence  or  admixture  of  more  than  5  per  cent,  of  seeds,  fruits  and  other  foreign 
matter.  Before  storing,  dry  Ergot  at  a  temperature  not  exceeding  70^0.,  and  presenre 
it,  protected  from  light,  in  tightly  closed  containers  to  which  a  few  drops  of  chloro- 
form or  carbon  tetrachloride  are  added  from  time  to  time  to  prevent  attacks  by 
insects. 
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Conslittienis. — Ergoiininej  CssHsgOsNs;  ergotoxine,   CssH^iOeNB,   the 

hydroxide  of  ergotinine,  claimed  to  be  the  most  active  principle  of  ergot; 

OH 
para-hydroxyphenylethylamine,  C6H4QTT  CH2NH2;beta-iminazolyleth- 

ylamine 

CH— NH\ 


N/ 


JHjCHjNH, 

clavin  (a  mixture  of  leucin,  isoleucin  and  valine);  ergotinic  acid;  fixed  oil, 
coloring  matter,  etc. 

Few  drugs  have  been  subject  to  more  investigation  than  has  ergot  and  as  a  result 
a  vast  amount  of  confusion  has  existed  concerning  its  constituents.  The  researches 
of  Barger  and  his  co-workers  has  largely  cleared  the  confusion  although  the  structure 
of  the  two  characteristic  alkaloids  is  yet  to  be  explained.  The  names,  ecbolin. 
ergo  tin,  comutin,  sphsscelotoxin,  sphsBcehc  acid,  etc.,  are  now  obsolete,  since  each  01 
these  substances  are  now  known  to  be  impure  forms  of  other  constituents  cited  above. 

Remarks. — Ergot  is  a  very  important  drug,  whose  official  definition 
requires  explanation,  and  this  means  a  discussion  of  the  life-history  of  an 
interesting  representative  of  the  non-flowering  plants  or  cryptogams. 
Referring  to  the  official  definition,  we  find  that  ergot  is  "the  sclerotium 
of  Claviceps  purpurea,  .  .  .  replacing  the  grain  of  rye,  Secale  cereale.*' 
As  to  "the  grain  of  rye,"  that  plant  is  a  cultivated  grass,  used  for  food, 
similar  to  wheat  or  rice,  and  its  fruit,  a  long  cluster  of  oval  grains,  each 
protected  by  a  chaffy  cover,  is  familiar  to  most  of  us.  Each  grain  was, 
in  its  early  stage,  a  tender  ovary,  filled  with  soft,  and  nutritious  tissue. 
At  this  stage  of  growth  it  is  apt  to  be  attacked  by  the  spores  of  the 
fungoid  plant,  Claviceps  purpurea;  the  spores  of  non-flowering  plants 
answering  to  the  seed  of  flowering  plants,  an  official  example  of  which 
is  lycopodium  (noted  on  p.  664).  These  spores  of  Claviceps  purpurea 
float  through  the  air,  seeking  a  location  where  they  can  obtain  nourish- 
ment with  as  little  work  as  possible;  for  the  plant,  Claviceps  purpurea,  is 
one  of  the  " tramps''  of  botany — a  parasite  which  does  not  work  into  food 
the  materials  obtained  from  the  earth  and  air  (as  do  all  "good"  plants), 
but  which  lazily  fastens  its  roots  into  soft  tissue  of  some  living  and  thrifty 
plant  and  sucks  from  the  latter,  nutriment  stored  up  for  personal  use. 

In  this  manner  the  spores  of  Claviceps  purpurea  fight  upon  the  ten- 
der ovaries  of  the  young  rye,  Secale  cereale.  As  seed  planted  in  goodly 
ground  begins  to  sprout,  so  do  the  spores  of  ergot  sprout  when  they  drop 
upon  the  rye.  The  rootlets  of  each  spore  penetrate  into  an  ovary  of 
the  rye  from  which  they  suck  nutriment  and  increase  in  size,  at  the 
expense  of  their  host,  until  eventually,  from  what  was  originally  a  min- 
ute fungus  growth  (called  the  mycelium),  the  ergot,  literally  eating  the 
ovary  of  the  rye  "out  of  house  and  home,"  develops  into  a  brown  purple 
fusiform  growth  larger  than  the  remaining  rye  grains,  called,  by  reason 
of  its  hardness,  the  sclerotium.  This  sclerotium  constitutes  the  official 
drug — ergot.  A  word  as  to  the  future  growth  of  the  sclerotium,  which 
is  a  provision  of  nature  for  the  preservation  of  the  fungus  over  winter. 
It  reaches  fidl  growth  in  early  fall  and  drops  to  the  earth,  where,  owing 
to  its  color,  it  is  apt  to  lie  unnoticed  over  winter — apparently  a  dead 
thing.  But  the  warmth  and  sunshine  of  spring  awakens  the  spark  of 
life  and  it  then  puts  forth  the  fruit  head  in  which  are  formed  the  spores, 
which  are  again  wafted  into  the  air  to  begin  once  more  the  history  of 
another  year's  havoc  of  the  rye. 
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Ergot  is  a  potent  remedy  of  inestimable  value  in  checking  hemorrhage 
and  in  childbirth.  The  rye  mixed  with  ergot  is  of  com-se  dangerous, 
and  on  several  occasions  entire  communities  have  been  poison^  by 
eating  bread  made  from  rye  flour  containing  ergot. 

Medical  Properties. — Used  as  an  ecbolic,  producing  contraction  of 
the  uterus,  and  for  hemorrhages.  Official  preparations;  fluidextract 
(p.  246),  and  extranet  (p.  275). 

Dose. — 2  grammes  (30  grains). 

OPIUM— Opium 

The  air-dried,  milk3r  exudation  obtained  by  incising  the  unripe  capsules  of  Papcufer 
somniferum  Linn^  and  its  variety  album  De  Candolle  (Fam.  Papcmeraceai),  and  yield- 
ing, in  its  normal,  moist  condition,  not  less  than  9.5  per  cent,  of  anhydrous  morphine. 

OPn  PULVIS— Powdered  Opium 
(Opii  Pulv. — Opii  pulvis,  P.  I.) 

Opiiun  dried  at  a  temperature  not  exceeding  70^C.,  reduced  to  a  very  fine  powder, 
and  yielding  not  less  than  10  per  cent,  nor  more  than  10.5  per  cent,  of  anhydrous 
morphine.  Powdered  Opium  ot  a  higher  morphine  percentase  may  be  brought  within 
the  required  limits  by  admixture  with  powdered  opium  of  a  Tower  percentage,  or  with 
some  inert  diluent.     Preserve  it  in  well-closed  containers. 

OPIUM  GRANULATUM-— Granulated  Opium 

(Opium   Gran.) 

Opium  dried  at  a  temperature  not  exceeding  TO^C.  reduced  to  a  coarse  TNo.  8 
to  No.  20)  powder  and  yielding  not  less  than  10  per  cent,  nor  more  than  10.5  per 
cent,  of  anhydrous  morphine.  Granulated  Opium  of  a  hi|;her  morphine  percentage 
may  be  brought  within  the  required  limits  by  admixture  with  granulated  opium  of  a 
lower  percentage,  or  with  some  inert  diluent.    Preserve  it  in  well-closed  contauaers. 

ConsiiiuerUs. — Morphine,  codeine^  narceine,  narcotine,  and  many  other 
alkaloids^  meconic  and  lactic  acids,  gum,  etc.    No  starch. 

Remarks. — Read  carefully  the  pharmacopoeial  definition  given  above, 
and  note  that  opium  is  "the  air-dried  milky  exudation'*  obtained  by 
cutting — "incising" — ^the  unripe  capsules  of  Papaver  somniferum.  The 
poppy  capsules  (or  heads)  found  in  drugs  stores  are  from  the  same 
plant,  but  are  collected  on  ripening,  when  they  do  not  contain  so  much 
milk  juice. 

An  analogous  case  is  found  in  the  fig,  which  abounds  in  milk  juice 
when  green  and  has  scarcely  any  when  ripe. 

Papaver  somniferum  can  grow  as  well  in  this  country  as  it  can  in 
Asia  Minor,  and  the  only  reason  why  opium  is  not  produced  here  is 
because  the  incising  of  the  capsule  (slitting  with  a  sharp  knife  without 
penetrating  the  capsule)  is  a  laborious  task  performed  by  hand,  and  in- 
such  work  America  cannot  compete  with  the  cheap  labor  of  the  East. 
Note  that'the  three  official  forms  of  opium  given  above  the  moist  gum, 
containing  not  less  than  9.5  per  cent,  of  morphine,  the  powdered,  and 
the  granulated,  prepared  by  driving  off  the  moisture  from  the  gum  and 
converting  the  dried  mass  either  to  powder  or  to  granules,  the  latter 
made  by  moistening  with  alcohol  and  rubbing  through  a  coarse  sieve. 

Both  the  powdered  and  the  granulated  must  contain  not  less  than 
10  per  cent,  nor  more  than  10.5  per  cent,  of  cr3^tallized  morphine. 

Medical  Properties. — Sedative  and  narcotic.  Poisonous.  AnHdote 
stimulants  (caffeine  or  coffee),  electric  shocks,  flagellation.    Above  all. 
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keep  patient  in  motion.  Official  preparations:  From  the  moist  gum  we 
make  the  powdered  and  the  granulated  and  the  extract  (p.  279) ;  from  the 
powdered  we  make  deodorized  opium  (see  below),  the  camphorated  tincture 
(p.  230),  and  powder  of  ipecac  and  opium  (p.  293);  from  the  granulated 
we  make  the  tincture  (p.  230)  and  the  deodorized  tincture  (p.  231). 
Dose. — Of  all  forms,  60  milligrammes  (1  grain). 

OPIUM  DEODORATUM— Deodorized  Opium 

(Opium   Deod.) 

Deodorised  Opium  yields  not  less  than  10  per  cent,  nor  more  than  10.5  per  cent, 
of  anhydrous  morphine.  Deodorized  Opium  of  a  higher  morphine  percentage  may 
be  brought  within  the  rec^uired  limits  by  admixture  with  deodorized  opium  of  a  lower 
percentile  or  with  some  mert  diluent.    Preserve  it  in  well-closed  containers. 

Condensed  Recipe. 

Macerate  500  Gm.  powdered  opiimi  with  purified  petroleum  benzin  for  twenty- 
four  hours;  and  then  decant  the  benzin;  macerate  a  second  time  with  benzin  and  then 
decant;  finally  percolate  the  residue  in  a  closely  covered  funnel  until  the  percolate 
is  colorless p  then  dry  the  remaining  opium  in  the  open  air  and  finally  mix  with  enough 
sugar  of  milk  to  make  500  Gm.    For  details  see  U.S.P.,  p.  307. 

Remarks. — Deodorized  (or  denarcotized)  opium  is  prepared  by  extract- 
ing powdered  opium  with  benzin,  that  solvent  removing  little  from  the 
drug  but  its  heavy  narcotic  odor  and  narcotine,  an  alkaloid  to  which 
many  of  the  unpleasant  after-effects  of  opium  are  said  to  be  due.  In 
the  pharmacopoeia  of  1890  ether  was  used  as  the  deodorizing  solvent, 
but  it  has  been  found  that  benzin  will  do  the  work  as  thoroughly  and 
more  cheaply. 

Medical  Properties, — Similar  to  the  powdered. 

Dose. — 60  niilligrammes  (1  grain). 
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Quinine. — CHistory)  Pelletiere  and  Caventou,  Jl.  de  Ph.,  7,  1821,  49.  (Struc- 
ture) Koenigs,  B..  29,  1896,  372;  Murray,  Merck's  Rep.,  14,  1905,  237,  266  and  301. 
(Extraction)  Field,  Am.  Dr.,  21,  1892,  152  and  22,  1892,  28;  Landrin,  Comp.  rend., 
108,  1889,  750.  (Tests)  Brandes  and  Leber,  A.,  32,  1839,  370;  Herapath,  A.J.P., 
29,  1857,  245.  (Tannate)  Thomas,  A.J.P.,  22,  1850,  360;  Anon.,  A.Ph.A.,  59,  1911, 
495.     (Incompatibilities)  Stevens,  A.Ph.A.,  36,  1888,  93. 

Quinidine. — (Structure)  Rabe,  see  above.  (Extraction)  Field,  see  above;  Hesse, 
A.,  146,  1868,  358  and  166,  1873.  236. 

Cinchanidine, — (Structure)  Kabe,  see  above,  (Extraction)  Field,  see  above; 
Koenigs  and  Kusmann,  B.,  29.  1898^  2186.     (Test)  Kemer,  A.J.P.,  34,  1862,  420. 

Strychnine. — (History)  Pelletiere  and  Caventou,  Jl.  de  Ph.,  5,  1819,  145.  (Struc- 
ture) rerkin  and  Robinson,  Jl.  Ch.  Soc.,  97,  1910,  305.  (Extraction)  Henry,  Jl.  de 
Ph.,  [2],  16,  1830,  752. 

Brueine. — (Structure)  Perkin  and  Robinson,  see  above.  (Test)  Caventou  and 
Pelletiere,  Jl.  de  Ph.,  12.  1819,  542. 

Veratrine. — (History)  Meissner,  Schweigger's  Jl.,  25,  1819,  379;  Pelletiere  and 
Caventou,  Jl.  de  Ph.,  8  1820,  353.     (Extraction)  British  Pharmacopoeia,  1867,  365. 

Hydrastine, — (Structure)  Freimd  and  Rosenberg,  B.,  23, 1890, 404  and  417;  Freund 
A..  271,  1892,  311,  Danckwortt,  Arch.  d.  Pharm.,  250,  1912,  597.  (Extraction) 
Schmidt  and  Wilhelm,  Arch.  d.  Pharm.,  226,  1888,  331.  (Synthesis)  Fritsch,  A., 
286,  1895,  18. 

Berherine. — (Structure)  Richter,  Arch.  d.  Pharm.,  252,  1914,  193. 

ZTydrcM/inin^.— (Structure)  Freund,  A,,  271,  1892,  311,  (Synthesis)  Fritsch, 
A.,  286,  1895,  111. 

Morphine. — (History)  Anon.,  Ch.  and  Dr.,  65,  1904.  437  and  501 ;  Anon..  Pharm. 
Era,  46, 1913,  593;  Sertttmer,  Jl.  de  Ph.,  3, 1817,  436.  (Structure)  Knorr  and  HOrlein, 
B.,  40,  1907,  3347;  Klee,  Arch.  d.  Pharm.,  252,  1914,  212.  (Extraction)  Mohr,  A., 
35,  1840,  119:  Calvert,  Am.  Dr.,  23,  1893,  22. 

ZTeroin.— Dreser,  A.Ph.A.,  47,  1899,  735. 

Apomorphine, — (Structure)  l6iorr.  B.,  37,  1904,  1926;  Klee,  see  above. 

Cwfoin^.— (Synthesis)  Grimaux,  A.Ph.A.,  30,  1882,  401.  (Phosphate)  Schmidt, 
A.Ph.A.,  39,  1891,  616. 

Physostigmine. — (Structure)  Salway,  Jl.  Ch.  Soc^  101,  1912,  980.  (Extraction) 
V6e  and  Leven,  Jl.  de  ph.  et  ch.,  [4].  1,  1865,  70.  (Tests)  Petti,  A.Ph.A.,  22,  1874, 
272.     (Color  change)  Hallauer,  A.Ph.A.,  48,  1900,  818. 

Aconiline. — (Structure)  Freund  and  Beck,  B.,  27,  1894,  433;  Carr,  Jl.  Ch.  Soc., 
101,  1912,  2241.  (Extraction)  Geiger,  A.J.P.,  6,  1834,  321;  Williams,  Ph.  Jl.,  [3], 
18,  1887,  238. 

Colchicine. — (Structure)  Zeisel,  J.  B.,  1888,  2,  2293.  (Extraction)  Geiger  and 
Hesse,  A.J.P.,  6,  1834,  320;  Blau.  A.Ph.A.,  52,  1904,  943. 

Pctt«<imn€.— (Composition)  Tanret,  Jl.  de  ph.  et  ch.,  [5),  1,  1880,  434;  Will- 
sttftter  and  Veraguth,  B.,  38,  1905,  1984.  (Extraction)  Tanret,  A.Ph.A.,  26,  1878, 
280. 

Etiw^in^.— -Stewart,  Jl.  A.Ph.A..  4,  1915,  797. 

/pccac.— (History)  "X-rayser,''  Ch.  and  Dr.,  87,  1915,  761.  (Constituents) 
Pyman  and  Carr,  Jl.  Ch.  Soc,  105,  1914,  1591. 

Oelsemium. — (Constituents)  Moore,  Jl.  Ch.  Soc.,  97,  1910,  2223;  Sayre,  A.Ph.A., 
58,  1910,  949;  Jl.  A.Ph.A.,  3,  1914,  314  and  4,  1915,  1458. 

Pareira. — (Constituents)  Niggers,  A.J.P.,  11,  1839,  352;  Faltis,  Monatsheft,  33, 
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1912, 873;  Scholtz,  Arch.  d.  Pharm.,  250, 1912, 684;  Scholtz  and  Koch,  Arch.  d.  Pharm., 
252,  1914,  513. 

iiconite.— (Bibliography)  Taylor,  Jl.  Ind.  Eng.  Ch.,  1,  1907,  549.  (Constituents) 
GroveB,  Ph.  Jl.,  [2],  8,  1866,  120;  Huebschmann,  A.J.P.,  30,  1858,  399. 

AeonUic  Acid, — ^Pawolleck,  A.,  178,  1875,  150;  Ruhemann  and  Allhusen,  Jl. 
Ch.  Soc.,  55,  1894,  9. 

Berberis. — (Constituents)  Pommerehne,  Arch.  d.  Pharm.,  233,  1895,  173. 

Cdehicum  Corm. — (History)  Sharp,  Ph.Jl.,  83,  1909,  5.  (Constituents)  Pelletiere 
and  Caventou,  Jl.  de  Ph.,  8,  1820,  364. 

Cokhicum  Seed. — (History)  Sharp.,  see  above.  (Constituents)  Geiger  and  Hesse, 
A.J.P.,  6,  1834.  230;  Oberlin,  Comp.  rend.,  43,  1856,  1199;  Ludwig  and  Hubler, 
A.J.P.,  38,  1866,  105;  Rosenwasser,  A.J.P.,  49,  1877,  435;  Hertel,  A.J.P.,  53,  1881, 
443. 

ii?an^i7kina.— (General)  Smith,  A.J.P.,  3,  1831,  93j  Gibb,  Ph.  Jl.,  [2],  1,  1860, 
454.  (Constituents)  Thomas,  A.J.P.,  36,  1864,  134;  Hopp,  A.J.P.,  47,  1875,  193; 
Koenig,  A.J.P.,  63,  1891,  457;  Schlotterbeck,  Am.  Ch.  Jl.,  24, 1900,  249;  Danckwortt, 
Arch.  d.  Pharm.,  250,  1912.  597. 

i5pi^dia.— (History)  Wilbert,  A.Ph.A.,  57.  1909,  1170;  Lloyd  library  Bulletin, 
18,  1911,  82.  (Constituents)  Stabler,  A.Ph.A.,  6,  1857,  132;  Dudley,  A.Ph.A.,  30, 
1882,  439. 

Hydrastis. — (History)  Lloyd  Library  Bulletin,  18,  1911,  48;  Lewis.  A.J.P.,  6, 
1834,  201.  (Cultivation)  Lloyd,  Ph.  Rev.,  26,  1908,  138;  Stengel,  A.J.P.,  84,  1912, 
299.  (Constituents)  Durand,  A.J.P.,  23,  1851,  112;  Mahla,  A.J.P.,  34,  1862,  141; 
Hale,  A.J.P.,  45,  1873,  247;  Schmidt  and  WQhelm,  Arch.  d.  Pharm.,  226,  1888,  330. 

Fw-crirum.— (Constituents)  Bullock,  A.J.P.,  37,  1865,  321;  38,  1866,  97;  47,  1875, 
449;  Tobien,  A.J.P.,  50,  1878,  122;  Wright  and  Luff,  A,J.P.,  5,  1879,  367;  Salzberg, 
A.J.P.,  62,  1890.  493. 

Cinchona. — (History)  Lloyd  Library  Bulletin,  18,  1911,  17.  (Constituents) 
Pelletiere  and  Caventou,  Jl.  de  Ph.,  7,  1821.  70,  ^2,  89  and  92;  Henry  and  Delondre, 
Jl.  de  Ph.,  19,  1833,  623;  Pasteur,  Jl.  de  Ph.,  24,  1853,  161.  (Assays)  Dohme,  8th 
Int.  Cong.  App.  Chem.,  17,  1912,  21.  (Detannating)  Diehl,  A.J.P.,  40,  1868,  104 
(Chinoidine)  Kice,  Am.  Dr.,  15,  1885,  46  and  76. 

Pomegranate. — (History)  Lloyd  Library  Bulletin,  18,  1911,  44.  (Constituents) 
Tanret,  A.J.P.,  50,  1878,  389  and  52,  1880,  416. 

PHoearpus. — ((Jonstituents)  Parodi,  A.J.P.,  47,  1875,  214;  Byasson,  A. J. P.,  47, 
1875,  350;  Gerrard.  Yearbook  Pharm.,  1875,  574;  Kingsett,  Jl.  Ch.  Soc,  30,  1876, 
367;  Hamack,  A.Ph.A.,  35,  1887,  337;  Jowett,  Jl.  Ch.  Soc,  77,  1900,  473;  Leger  and 
Rogues,  Dr.  Circ,  57,  1913,  744. 

Coca.— (History)  Sharp,  Ph.  Jl.,  82,  1909, 28,  117  and  184;  Lloyd  Library  Bulletin, 
18,  1911,  18.  (Constituents)  Gaedcke,  Arch.  d.  Pharm.,  132,  1855,  141;  Niemann, 
Arch.  d.  Pharm.,  153,  1860,  129  and  291;  Loessen,  Jl.  de  Ph.,  41,  186,  522.  (Action) 
KoUer.  through  Noyes,  Dr.  Circ,  28,  1884,  165. 

Belladonna. — (ifistory)  Lloyd  Library  Bulletin,  18,  1911,  8.  (Constituents) 
Brandes,  A.,  1,  1832,  68  and  230.  Mein,  A.,  6,  1833,  67;  Geiger  and  Hesse,  A.,  7, 
1833,  269;  Brandes.  A.,  9,  1834,  122;Lubekind.  A.J.P.,  13,  1841,  127. 

Stramonium. — (History)  Meyer,  Die  Perioae  der  Hexenprocesse,  1882;  Holzinser, 
Zur  Naturgeschichte  der  Hexen,  1883.  (Constituents)  Geiger  and  Hesse,  A.«rP., 
6,  1834,  319;  Ladenburg,  B.,  13, 1880,  909;  Schmidt,  A. J.P.,  56, 1884,  440  and  62,  1890, 
491. 

Hyoscyamus. — (Constituents)  Ladenburg,  B.,  13,  1880,  251,  909  and  1549,  also 
A. J.  P.,  52,  1880,  550. 

5capoto.— (History)  Lloyd  Library  Bulletm,  18,  1911,  79;  Dunstan,  Ph.  Jl.,  [3], 
20.  1889,  461.  (Constituents)  Dunstan  and  Chaston,  Ph.  Jl.,  [3],  20,  1889,  461 ; 
Dmnez,  A.J.P.,  86,  1914,  339. 

Lobelia. — (History)  Lloyd  Library  Bulletin,  18,  1911,  55;  Colhoun,  A. J.  P.,  5, 
1833,  300.  (Constituents)  Procter,  A.J.P.,  9,  1837,  98  and  13,  1841,  1;  Richardson, 
A.J.P.,  44,  1872,  293. 

Seoparius. — (History)  Lloyd  Library  Bulletin,  18,  1911,  79.  (Constituents) 
Stenhouse,  A,,  78,  1851,  15;  Merck,  Ph.  Jl.,  [3],  9,  1879,  1060;  Perkin,  A.Ph.A.,  47, 
1899  764. 

Ccmitiwi.— (History)  Griffith,  A.J.P.,  6, 1835,  267.  (Constituents)  Giescke,  A. J.P., 
1,  April,  1829,  76;  G«[ger,  Ch.  Cent.,  3, 1832,  1;  Wertheim,  A.,  100,  1856,  328;  Smith, 
A.J.P.,  40.  1868,  459;  Stoddart,  Ph.  Jl.,  [3],  1,  1871,  843. 

Ntua  Vomica. — (Constituents)  Pelletiere  and  Caventou,  Jl.  de  Ph.,  5,  1819,  145; 
Henry,  A.J.P.,  7,  1835,  233;  Dunstan  and  Short,  A.J.P.,  56.  1884,  431;  Schroeder, 
Arch.  d.  Pharm..  250,  1912,  398;  Azadian,  Sch.  Wsch.  f.  Ch.  u.  Ph.,  51,  1913,  761; 
Schaefer,  Jl.  A.Ph.A.,  3,  1914,  1677. 
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Physosligma, — (Constituents)  Salway*,  Jl.  Oh.  Soc.,  99,  1911,  2148. 

Staphiaa^ia. — (Constituents)  Lassaigne  and  Feneulle,  «n.  de  Ph.,  G,  1820,  366; 
Kara  Stojanow,  A.J.P.,  62,  1890,  394. 

Ergot. — (Constituents)  Barger  and  co-workers.  Ph.  Jl.,  77,  1906,  257  and  84,  19IO9 
710;  Jl.  Ch.  Soc.,  91,  1907,  337  and  95,  1909,  1123:  Tanret,  Comp.  rend.,  81,  1875, 
896  and  86,  1878,  888;  Wenzell,  A.J.P..  36,  1864, 192  and  82, 1910.  410;  Rathje,  Arch. 
d.  Pharm.,  246,  1908,  696;  Robert,  Ph.  Cent.,  27,  1886,  597  and  Ph.  Zt.,  52,  1908, 
839:  Freeborn,  Ph.  JL,  88,  1912,  568;  Crawford,  A.J.P.,  83, 1911, 147.  (Preservation) 
Schindelmeyer,  A.Ph.A.,  58,  1910, 157;  Wood,  A.J.P.,  83,  1911, 172;  Anon.,  Am.  I>r.» 
56,  1910,  166. 

Opium.— (History)  Billiger,  Ph.  Jl.,  [3],  7,  1876,  452.  (Bibliography)  Schmidt, 
Pharm.  Era,  46,  1913,  593.  (Constituents)  Robiquet,  A.,  5,  1832,  82:  Couerbe, 
A.J.P.,  4,  1832,  262;  Pelletier,  A.J.P.,  5,  1833,  150  and  8,  1836,  62;  O'Shaugneasy, 
A.J.P.,  12,  1840,  138. 

Deodorized  Opium.— Robiquet,  Jl.  de  ph.  ch.,  8,  1822,  438;  Ebert,  A.J.P.,  39, 
1867,  193,  Anon..  D-A.  Ap.  Zt.,  3,  1883,  751. 


CHAPTER  LI 
THE  PROTEINS 


The  proteins,  or  albuminoids  represent  a  group  of  complex  organic 
substances,  containing  hydrogen,  oxygen,  nitrogen,  and  sulphur.  The 
chemistry  of  these  bodies  is  so  complex  that  very  little  is  known  of  their 
exact  composition.  Different  proteids,  however,  possess  different  pro- 
portions of  the  elements  above  mentioned,  and  vary  in  constitution  from 
simpler  bodies,  like  protamine,  to  very  complex  substances,  which  can 
be  split  into  many  different  chemicals. 

All  proteins  seem  based  upon  the  urea  molecule,  to  which  is  attached 
a  number  of  other  bodies.  Among  these  bodies,  constituting  part  of 
the  protein  molecule,  may  be  mentioned  sulphurated  compounds,  carbo- 
hydrate derivatives,  like  levuUnic  acid,  phosphoric  add,  and  notably  a 
series  of  amino  acids  such  as  glycocoll  (p.  6(H);  valine  (p.  618),  leucine 
(CH8)2CH-CH2CH(NH2)COOH,    tyrosine,    HO-C«HX5H,CHfNH0 

COOH  and  histidine, 

CH 

/\ 

N       NH 


CH=C— 


CH,CH(NH0COOH 

The  following  classification  of  proteins  is  that  adopted  in  1907  by  the 
Joint  Committee  of  Chemical  and  Physiological  Societies: 

Prot AMINES. — Simplest  fonn  of  albumin.  Example,  salmine  (CioHcrNnOi), 
found  in  salmon  spawn. 

B^STONES. — More  complex  bodies  isolated  from  blood-corpuscles.  Precipitated 
by  ammonia. 

Albumins. — Soluble  in  water,  diluted  acids,  alkalis,  saturated  solution  of  sodium 
chloride.  Coa^lated  by  heat.  Contain  glycocoll.  Examples,  serum-albumin, 
egg-albumin,  milk-albumin,  and  the  albumin  01  seeds. 

Globuuns. — Insoluble  in  water,  soluble  in  dilute  solution  of  sodium  chloride. 
Coagulate  on  boiling.  Do  not  contain  glycocoll.  Examples,  mjroain  (from  lean 
meat),  fibrinogen  (the  blood  constituent  that  clots),  serum  globulm,  and  vegetable 
globulins. 

ScLBBOPBOTBiNS. — Like  keratin  and  gelatin. 

Fhobphoproteins,  like  vitellin  (from  yolk  of  egg)  and  caseinogen. 

Conjugated  Proteins. — 
Niideoproieins, — Such  as  are  isolated  from  yeast-Ksells. 
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Olucoproteins, — Insoluble  in  water,  soluble  in  60  per  cent,  alcohol.     Example, 
mucin. 

Ckromoproleina. — lake  hemoglobin. 
Protein  Derivatives. — 

Metaproteina. — ^Insoluble  in  water,  soluble  in  acids  and  alkalis.     Ebcample, 
syntonin. 

Proteoses. — Partly  soluble  in  water.     Products  of  digestion  of  albumin  with 
vegetable  emsymes  like  papain.     Found  in  many  seeds. 

Pevlones, — Perfectly  soluble  in  water.     Not  precipitated  by  sodium  chloride. 

PoLypepHdee, — Mostly  synthetic  substances;  some  products  of  hydrolysis  of 
proteins. 

Senim-albumin  is  of  particular  interest  to  us  inasmuch  as,  in  the 
derangement  of  the  human  system  producing  the  complaint  called 
Bright's  disease,  the  serum-albumin  of  the  blood  passes  through  the 
diseased  kidney  tissue  and  appears  in  the  urine.  The  significance  of 
the  presence  of  albumin  in  the  urine  is  beyond  the  limits  of  this  book, 
and  for  further  particulars  on  this  interesting  and  important  subject 
the  reader  is  referred  to  standard  works  on  luinary  analysis  such  as 
Hawk's  Physiological  Chemistry. 

Egg-albumin  is  of  interest  as  an  important  food-stuff.  While  ordinary 
egg-albumen  is  difficult  to  crystallize,  its  crystallization  has  been  accom- 
plished by  Hopkins.  Egg-albumin  combines  with  iron  salts  to  form 
iron  albuminate,  which  d^solves  in  dilute  alkali.  The  soluble  (scale) 
form  of  this  chemical  is  made  with  sodium  citrate. 

Solviion  ofaUmminaie  of  iron  (N.F.)  is  prepared  by  treating  fresh  e^-albumin  with 
solution  of  ferric  oxychloride  and  then  adding  sodium  citrate,  aromatic  elixir,  alcohol 
and  water. 

Coagulated  egg-albumin,  digested  with  pepsin  and  acid,  dissolves 
with  the  formation  of  peptone,  which  has  the  same  percentage  composition 
as  pepsin.  This  is  a  basis  of  the  United  States  Pharmacopoeia  test 
for  the  presence  of  pepsin  (p.  846).  Most  commercial  peptones  are 
made  from  lean  beef  instead  of  from  eggs.  Peptone,  like  egg-albumin, 
forms  a  soluble  iron  salt — ^iron  peptonate. 

Soluiion  of  peptonate  of  iron  (N.F.)  is  prepared  by  peptonizing  fresh  egg-albumin 
treating  the  peptone  thus  produced  with  solution  of  ferric  oxychloride;  alter  which 
sodium  citrat'e,  flavors  (vanillin,  acetic  ether  and  oil  of  orange  dissolved  in  alcohol) 
syrup  glycerin  and  water  are  added. 

SoltUion  of  peptonate  of  iron  and  manganese  (N.F.)  is  made  in  similar  fashion  except 
that  soluble  manganese  citrate  is  added  along  with  the  sodium  citrate. 

Phytoalbumin  is  of  pharmaceutic  interest  merely  because  it  makes 
up  the  larger  bulk  of  horny  seeds — ^an  official  example  being  the  albumin 
of  nux  vomica. 

Globulin  is  of  passing  interest  because  one  form  of  it  is  a  constituent 
of  albuminous  urine,  and  differs  from  serum-albumin  by  being  precipi- 
tated by  magnesium  sulphate. 

Fibrinogen  is  an  albuminoid  of  the  blood,  the  clotting  of  which  is 
caused  by  the  conversion  of  the  substance  into  fibrin. 

Vitellln  is  the  albuminoid  found  in  yolk  of  egg. 

Sjrntonin  is  acid  albumin,  and  can  be  made  by  boiling  egg-albumen 
with  nitric  add.  It  is  here  mentioned  because  its  formation  often 
misleads  the  tyro  in  urinary  analysis  in  the  nitric  acid  test.  If  nitric 
acid  be  added  to  urine  containing  albumin,  the  latter  coagulates  and 
precipitates.  If  too  much  acid  is  added,  syntonin  is  formed,  and  no 
precipitation  occurs. 
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Legumin  is  found  in  the  seed  of  the  Leguminosse.  It  is  soluble  in 
diluted  alkali. 

Casein  is  the  chief  albuminoid  of  milk,  from  which  it  can  be  separated 
by  means  of  rennet,  acids,  and  some  salts,  such  as  the  alums. 

Nuclein  is  the  albuminoid  of  the  cell  nucleus,  that  center  of  activity 
of  the  living  cell. 

Hemaglobin  is  an  iron-bearing  constituent  of  the  blood,  to  which 
it  transmits  its  red  color.  By  treating  defibrinated  blood  with  acidulated 
pepsin  and  exactly  neutralizing  with  sodium  carbonate  there  is  precipi- 
tated, Hematin,  which  has  been  recommended  as  a  remedy  for  anemia, 
since  it  contains  iron  in  easily  assimilable  form.  Its  crystalline  hydro- 
chloric acid  compound  is  called  hemin.  This  is  closely  related  to  setro- 
phyllin,  a  chlorophyll  derivative.     (See  p.  782.) 

Enzymes  are  complex  bodies  presumably  protein  derivatives  although 
some  investigators  claim  that  their  protein  properties  are  due  to  admixed 
impurities.  Because  of  their  colloidal  character,  the  separation  of  the 
pure  enzyme  is  well-nigh  impossible  and  as  Czapek  says  ''we  know  en- 
zjones  only  by  their  actions."  Prom  this  standpoint,  we  may  regard 
enzymes  as  insoluble  colloids,  which  are  energetically  adsorbed  (p.  135) 
by  such  agents  as  infusorial  earth,  kaolin  or  even  by  filter  paper.  They 
are  regarded  as  "the  catalytic  agents  of  the  Uving  cells"  and  are  found 
both  in  animal  and  in  vegetable  tissue.  Czapek  classifies  them  accord- 
ing to  their  action  as  follows: 

I.  Hvdrolyzinp  enzymes  (Hydrolases). 

(a)  Hydrolyse    carbohydrates.      jQxampleSf    invertase,    diastase,    maltase, 

lactase,  amylase,  pectase,  etc. 
(h)  Hydrolyze  glucosides.     Kxamples,  emulsin,  myrosin,  etc. 

(c)  Hydrolyse  fats  (lipases). 

(d)  Hydrolyse  proteins.     (Proteolytic    enzymes  or  proteases).     Examples, 
pepsin,  trypsin,  etc, 

II.  Enzymes,  splitting  off  CO  %  from  bodies  wUkoui  addiiion  of  oxygen. 

(a)  Those  acting  on  hexoses.     Example,  zymase,  found  in  yeast. 

(b)  Those  acting  on  amino-bodies.     Example,  urease. 

III.  Oxydases.  Some  of  these  oxidize  alcohols  and  aldehydes  to  acids  (such  as  the 
enzymes  in  mother  of  vinegar)  while  many  of  them  oxidize  phenols  and  other  plant 
substances.     (See  p.  601.) 

IV.  Reducing  enzymes. 
V.  Lactic  acid  enzymes. 

Most  enzymes  are  rendered  inactive  at  60*^C.  and  all  are  destroyed  when  heated 
to  100**C.  Alcohol  usually  lessens  enzyme  action  j  while  acids  frequently  increase 
their  activity.  Some  enz3rmes  exert  a  synthetic  action  as  is  shown  m  the  synthesis 
of  arbutin  (p.  648). 

Toxins  are  bodies,  presumably  proteins,  that  resemble  enzymes  in 
many  ways.  They  are  adsorbed  even  as  are  enuyines  and  have  their 
activity  lessened  by  those  agents  affecting  enzyme  action.  As  described 
later,  the  bacteria  of  disease  supply  to  the  blood  distinctive^  toxins 
which  are  intensely  poisonous  and  which  transmit  to  the  victim  the 
symptoms  characterizing  the  disease. 

In  addition  to  these  disease  toxins,  phytotoxins  (toxalbuimns)  or 
similar  bodies  of  vegetable  origin  are  Imown.  Among  these  may  be 
cited  nan,  the  toxin  of  the  castor  oil  bean;  abrin,  from  jequirity  seed; 
animirtin  or  the  toad  stool  toxin;  and  the  aspergillus  or  mould  toxin, 
which  is  supposed  to  cause  pellagra.  It  is  also  claimed  that  hay  fever  is 
due  to  certain  pollen  toxins.  These  toxins  agglutinate  the  blood,  a 
reaction  employed  in  certain  forms  of  disease  diagnosis.  The  antidotes 
for  them  are  called  antitoxins  and  the  success  of  such  antitoxins  in  com- 
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batting  diphtheria,  tetanus  and  other  diseases  are  described  on  a  later 
page.    The  hay  fever  sera  {pollantin^  etc.)  are  based  upon  the  same  idea. 

GELATmUM— Gelatin 

(Gelat) 

The  purified  product  obtained  from  animal  tissues,  as  skin,  ligaments,  and  bones, 
by  treatment  with  boiling  water. 

Summarized  Descriplipn. 

Amorphous  solid  in  sheets  or  flakes  or  in  ground  or  shredded  form;  colorless  or 
slightly  yellow;  slight  characteristic  odor  or  taste;  stable  in  air  when  dry,  decomposes 
when  moist;  insoluble  in  cold  water,  but  softens  with  5  to  10  parts  of  that  fluid; 
soluble  in  hot  water,  acetic  acid  or  elycerin;  insoluble  in  alcohol,  chloroform,  ether, 
benzene,  carbon  disulphide  or  in  fixed  or  volatile  oils;  a  hot  solution  (1  in  40)  lorms  a 
jelly  on  cooling.     For  details  see  U.S. P.,  p.  200. 

^  For  tests  for  iderUiiy  and  for  imjmrilies:  Sulphur  dioxide  (oxidation  to  sulphuric 
acid  and  then  precipitation  with  barium  chloride).  Heavy  metals  and  arsenic  (usual 
tests)  see  U.S.r.,  p.  200  and  also  Part  V  of  this  book. 

Remarks. — Gelatin  is  a  mixture  of  a  large  number  of  nitrogenous 
substances,  such  as  glycocoU,  alanine,  leucine,  glutannic  acid,  histidine, 
etc.  It  is  prepared  by  boiling  bones  in  water  under  pressure  (as  in  a 
boiler),  skimming  the  solution  of  gelatin  to  remove  fat,  and  clarifying 
if  necessary.  On  cooling  the  gelatin  solidifies,  and  this  is  cut  into  cakes 
and  dried  on  fish-nets.  This  explains  the  netted  marking  on  the  best 
quality  of  the  sheet  gelatin. 

Olue  is  an  impure  gelatin  made  by  digesting  all  kinds  of  gelatinous  animal  refuse — 
hide,  horns,  hoofs,  as  well  as  bones — ^by  the  process  just  given. 

Gelatin  is  not  soluble  in  cold  water,  but  swells  therein  to  form  a 
jelly  in  which  there  is  a  net-work  of  protein  molecules  enclosing  the 
absorbed  liquid.  It  dissolves  in  boiling  water,  and  is  not  precipitated 
from  this  solution  by  nitric  acid  nor  by  potassium  ferrocyanide,  as  is 
^g-albumen.  The  precipitate  formed  when  its  solution  is  treated  with 
tannin  is  similar  to  leather  (p.  716).  Its  jelly  is  made  impervious  to 
inoistiu*e  by  treatment  with  potassium  dichromate.  Formaldehyde 
acts  in  the  same  way,  and  these  two  chemicals  are  now  used  for  tanning 
finer  grades  of  leather.  The  present  pharmacopoeia  directs  that  gelatin 
contain  no  more  than  %ooo  of  1  P®r  cent,  of  sulphur  dioxide  and  that 
gelatin  capsules  contain  no  more  than  i^oo  of  1  P^r  cent,  of  that  bleach- 
ing agent.  The  ofBicial  test  consists  in  treating  the  gelatin  with  phos- 
phoric acid  and  sodium  bicarbonate,  distilling  the  sulphur  dioxide  into 
tenth-normal  iodine  V.S.  (which  oxidizes  the  H2SO3  into  H2SO4)  and 
then  precipitating  the  resulting  sulphate  with  barium  chloride. 

GELATINUM  QLYCERmATUM— Glycerinated  Gelatin 

(Gelat.    Glycerin.) 

Condensed  Recipe. 

Soak  100  Gm.  gelatin  in  water;  drain  off  the  surplus  water;  add  100  Gm.  glycerin  and 
beat  on  a  water-bath  until  the  gelatin  is  dissolved.  Strain  and  then  heat  until  mixture 
weighs  200  Gm.     For  details  see  U.S.P.,  p.  200. 

Remarks. — The  faintly  straw-colored  transparent  jelly  thus  pro- 
duced is  used  as  a  suppository  base  (p.  324),  although,  from  what  has 
been  said  about  concerning  the  formation  of  leather  from  gelatin,  it 
is  clear  that  this  base  should  not  be  used  in  making  tannin  suppositories. 
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It  is  important  that  all  the  water  be  driven  off  in  making  the  mass,  as 
provided  by  the  pharmacopoeia,  for  if  any  remains,  the  mass  grows 
mouldy  and  turns  dark  brown. 

PEPSmUM— Pepsin 
(Pepsin.) 

A  mixture  containing  a  proteolytic  ferment  or  enzyme,  obtained  from  the  glandular 
layer  of  the  fre^  stomach  of  the  ho^  (Sus  scrofct,  var.  damestictia  Gray)  (Fam.  Suida). 
It  digests  not  less  than  3000  times  its  own  weight  of  freshly  coagulated  and  disinte* 
grated  egff-albumen.  Pepsin  of  a  higher  digestive  power  may  oe  brought  to  this 
standaroby  admixture  with  pepsin  of  a  lower  digestive  strength  or  sugar  of  milk. 
Preserve  it  m  well-closed  containers. 

Summarized  Description. 

Lustrous,  white  or  pale  yellow,  transparent  or  translucent  scales,  or  grains,  or 
spongy  masses,  or  white  or  cream-colored  amorphous  powder;  free  from  ofiFensive 
odor;  only  sligntly  hvgroscopic:  forms  an  opalescent  solution  with  about  50  parts  of 
water;  almost  insoluble  in  alcohol,  chloroform  or  ether;  incompatible  with  alkalies, 
alkaline  earths  or  alkali  carbonates;  inactive  in  solutions  containing  more  than  0.5 
per  cent,  of  hydrochloric  acid.     For  details  see  U.S.P.,  p.  313. 

OtUline  of  Assay, — One-tenth  gramme  of  pepsin  is  dissolved  in  n/12  hydrochloric 
acid.  Place  10  Gm.  hard-boiled,  sifted  white  of  eg^  in  a  suitable  bottle,  disintegrate 
the  egs-albiunen  by  stirring  with  n/12  hydrochloric  acid  (35  mils  in  all)  then  add  5 
mils  of  the  pepsin  solution  and  macerate  mixture  on  a  water-bath  at  52^0.  for  two 
and  one^half  hours  inverting  the  bottle  every  ten  minutes.  Then  transfer  the  mix- 
ture to  a  graduated  measure,  washing  the  digestion  flask  with  enough  distilled  water  to 
make  the  total  fluid  measure  50  mils.  The  undissolved  albumin  should  not  measure 
more  than  1  mil.     For  details  see  U.S.P.,  p.  313. 

Extraction, — The  mucous  membrane  of  the  hog's  stomach  is  treated 
with  water  acidulated  with  hydrochloric  acid  at  a  temperature  of  38^ 
to  45^C.  until  the  entire  mass  is  fluid,  chloroform  or  sulphurous  acid 
being  used  to  prevent  putrefaction,  and  the  liquid  allowed  to  stand  over 
night,  whereupon  the  fluid  portion  is  strained  from  the  sediment,  evapo- 
rated in  vacuo  to  the  consistence  of  a  syrup,  which  is  scaled  on  plates 
of  glass. 

In  order  to  free  it  from  peptone,  pepsin  is  sometimes  precipitated  from  the  acidu* 
lated  solution  by  saturating  the  latter  with  sodium  sulphate,  redissolvins  the  pre- 
cipitate in  diluted  acid  and  finally  separating  the  sodium  sulphate  from  the  pepsin 
by  dialsrsis. 

Remarks. — While  absolutely  pure  pepsin  is  not  known,  it  is  supposed 
to  be  a  protein  compound.  The  conunercial  pepsin,  even  of  the  highest 
strength,  contains  foreign  matter,  such  as  mucus,  peptones,  and  syntonin. 

It  is  rendered  inert  or  is  decomposed  by  alkalies  (including  sodium 
bicarbonate)  and  by  bismuth  subcarbonate  and  subnitrate.  Pepsin  and 
pancreatin  should  not  be  prescribed  together  as  mentioned  on  p.  847. 
Whether  alcohol  markedly  affects  its  action  is  a  matter  of  controversy. 

The  pharmacopoeial  assay  directs  that  10  Gm.  egg  albiunin  be  digested  by  5  mils 
of  solution  of  pepsm  containing  0.1  Gm.  in  150  mils.  This  means  that  the  ten  srammes 
of  albumin  are  dissolved  by  ^50  of  0.1  Gm.  pepsin;  that  30  Gm.  albumin  wm  be  dis- 

).l  Gm.  pepsin;  and  that  3000  Gm.  albumin  will  be  dis- 
pepsin.    Cancellation  of  the  fractions  just  given 

are  digested  by  1  Gm.  pepsin  and  such  a  pepsin  is 

designated  as  1  to  3000.  Pepsins  of  weaker  strength  are  known  (such  as  1  :  lOOO  and 
1 :  500),  in  each  case  the  larger  munber  representing  the  niunber  of  grains  of  albumin 
which  one  grain  of  the  pepsin  can  dissolve.  These  weaker  pepsins  can  be  used  in 
place  of  the  1 :  3000  pepsin,  provided  a  proportion^dly  larser  quantity  is  employed, 
the  proportion  needed  being  inversely  the  amount  of  egg-albumen  which  their  pepsin 
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diflsolves.  Thus,  if  we  used  1:1800,  pepsin  in  place  of  1:3000  pepsin,  for  everv 
1800  grains  of  pepsin  of  1:3000  strength,  we  will  require  3000  grains  of  the  1: 1800. 
It  can  be  seen  from  this  statement  that  such  problems  are  solved  by  all^ation,  the 
method  being  exactly  identical  with  the  reduction  of  alcohol  of  a  certam  streoigth 
to  that  of  another  strength. 

• 

Pepsin  is  a  valuble  aid  to  digestion.  While  there  are  no  preparations 
of  pepsin  recognized  in  the  pharmacopoeia,  the  National  Formulary 
gives  recipes  for  saccharcUed  pepsin  (pepsin  10  per  cent.,  sugar  of  milk. 
90  per  cent.)  solution  of  pepsin,  aromcUic  solution  of  pepsin  and  aniiseptic 
solution  of  pepsin.  (See  p.  191.)  That  popular  preparation,  compound 
digestive  elixir,  was  dropped  in  the  last  revision  of  the  Formulary, 
although  several  types  of  pepsin  elixirs  are  recognized.     (See  p.  209.) 

Dose. — 500  milligrammes  (8  grains). 

PANCREATmUM— Pancreatin 
(Pancreat) 

It  contains  enzymes,  consisting  principallv  of  amylopein,  trypsin  and  steapsin, 
naturally  existing  m  the  pancreas  of  warm-blooded  animals  and  obtained  from  the 
fresh  pancreas  of  the  hog  (Sus  scrofa  var.  domesticua  Gray)  (Fam.  SuidcB),  or  of  the  ox 
{Bo8  iaurus  linn^)  (Fam.  Bovida),  It  converts  not  less  than  25  times  its  own  weight 
of  starch  into  soluble  carbohydrates.  Pancreatin  of  a  higher  digestive  power  mav 
be  brought  to  this  standard  by  admixture  with  sugar  of  milk,  ft-eserve  it  in  well- 
closed  containers. 

Summarized  Deacriplion. 

Cream-colored  amorphous  powder;  faint  but  not  offensive  odor;  slowly  and  com- 
pletely soluble  in  water;  insoluble  in  alcohol;  converts  proteins  into  proteoses  and 
starch  in  dextrins  and  sugars;  active  in  faintly  alkaline  media;  strongly  acid  or  alkaline 
solutions  are  inert. 

For  testa  for  identity  and  for  impurities: 

Fats  (etheral  extract  on  evaporation  yields  not  more  than  30  per  cent,  of  residue) 
see  U.S.P.,  p.  309. 

Outline  of  Assay. — Carefully  wash  ^tato  starch;  make  the  equivalent  of  7.5  Gm.  of 
the  dried  starch  into  a  mucilage  by  boiling  with  water.  To  this  paste  after  cooling,  is 
added  0.3  Gm.  pancreatin  dissolved  in  10  mils  of  distilled  water.  Keep  the  mixture 
at  40*^C.  for  five  minutes  when  all  of  the  starch  should  be  hydrolyzed  as  evidenced  by 
the  fact  that  a  sample  of  the  digested  paste  does  not  color  diluted  iodine  solution  blue^ 
red  or  violet.    For  details  see  U.S. P.,  p.  309. 

Composition. — The  enzymes^  amylo^n.  myovsin,  trypsin,  and  steapsin.  Trvpsin 
and  myopsin  digest  albumin,  amylopsin  hydrolyses  starch,  while  steapsin  emulsifies 
fats. 

Extraction. — The  minced  pancreas  is  macerated  for  some  time  with  water  con- 
taining enough  chloroform  to  prevent  putrefaction.  The  liquid  is  then  expressed 
from  the  residue,  is  filtered,  and  rapidly  evaporated  at  a  temperature  not  exceeding 
46*C. 

Remarks— The  test  for  pancreatin  is  the  estimation  of  its  peptonizing 
power;  that  is,  0.28  gramme  of  pancreatin  and  1.5  grammes  of  sodium 
bicarbonate  should  be  capable  of  converting  the  albumin  of  400  mils 
cows'  milk  into  peptone,  which  is  not  coagulated  by  acetic  acid.  Not 
only  is  this  process  used  as  a  test,  but  the  peptonized  milk  itself  is  some- 
times used  as  a  diet  where  the  stomach  cannot  tolerate  the  natural 
albumin  of  milk. 

The  assay  of  pancreatin  is  based  on  its  ability  to  convert  starch 
into  dextrin  and  maltose;  the  requirements  being  that  one  part  of  pan- 
creatin should  be  able  to  transform  at  least  25  times  its  weight  of  starch. 

While  pepsin  acts  as  in  acid  medium,  pancreatin  is  of  value  only 
when  combined  with  mild  alkalies,  and  this  emphasizes  the  absurdity 
of  prescribing  these  two  substances  in  combination,  a  medium  which 
will  develop  the  activity  of  pepsin  rendering  pancreatin  inert. 


848  PRINCIPLES   OF   PHARMACY 

Pepsin  and  pancreatin  are  of  value  in  dyspepsia,  both  acting  as  food 
digestants;  their  natural  function  in  the  animal  economy.  The  two 
differ,  however,  as  to  the  kind  of  food  each  digests,  pepsin  digesting 
albuminoid  matter  in  the  stomach,  while  pancreatin  digests  albuminoids, 
starch,  and  fat  in  the  intestines.  To  be  effective,  pancreatin  should 
be  administered  only  in  enteric  pills.  It  is  a  constituent  of  peptonizing 
power  N.F.  (p.  294)  and  pancreatic  solution  N.F.  (p.  191). 

Dose. — ^500  milligrammes  (8  grains). 

DIASTASUM— Diastase 

A  mixture  containing  amylolytic  enzymes  obtained  from  an  infusion  of  malt. 
It  converts  not  less  than  50  times  its  weight  of  potato  starch  into  sugars.  Preserve 
it  in  well-closed  containers,  protected  from  light,  heat  and  moisture. 

Summarized  Description. 

Yellowish-white,  odorless  and  tasteless,  amorphous  powder  or  translucent  scales  * 
soluble  in  water;  almost  insoluble  in  alcohol;  its  ability  to  hydrolysed  starch  is  lessened 
by  age  and  by  the  presence  of  acids  or  alkalies  and  is  destroyea  by  heat  or  by  strong 
acids.     For  details  see  U.S.P.,  p.  131. 

Outline  of  Assay. — Like  that  for  pancreatin,  the  equivalent  of  5  Gm.  dry  starch 
being  digested  by  0.1  Gm.  diastase,  see  U.S.  P. 

Remarks. — Diastase  is  the  mixture  of  enzjrmes,  obtained  by  macerat- 
ing malt  with  cold  water,  and  then  pouring  the  filtered  infusion  into 
double  the  amount  of  strong  alcohol.  Taka  diastase  is  prepared  by 
treating  wheat  bran  with  a  peculiar  fungus,  called  in  Japan  ''moyashi/' 
extractLg  the  diastase  thus  formed  with  water,  and  pi^ipitating  with 
alcohol.  Diastase  converts  starch  into  dextrin  and  maltose,  and  is. 
therefore,  used  in  starchy  indigestion. 

Dose. — 600  milligrammes  (8  grains). 

Papain  is  the  enzyme  obtained  from  the  milk  juice  of  Carica  papaya^ 
and  has  been  recommended  as  a  general  digestant  and  for  dissolving 
the  diphtheritic  membrane.  Do  not  confuse  this  with  a  liquid  nos- 
trum, papaine,  which  is  used  as  a  sedative. 

Emulsin  and  myrosin  are  enzymes  found  respectively  in  bitter  almond 
and  black  mustard,  and  have  already  been  considered  under  those  head- 
ings.    Of  their  chemistry  but  little  is  known. 

Fle&h  is  a  combination  of  fibrous  tissue  with  blood,  albuminoids, 
and  a  host  of  other  substances,  such  as  the  urea  derivatives,  sarcin  and 
carnin. 

Meat  preparations  used  for  invalid  diet  are  a  part  of  the  stock  of  the 
modem  drug-store,  hence  a  few  words  concerning  these  are  in  place. 
Of  these  meat  products  the  only  ones  of  real  nutritive  value  are  meat- 
juices  ^  made  by  expressing  the  juice  from  a  slightly  broiled  steak.  These 
juices  decompose  as  rapidly  as  does  meat  itself,  hence  must  be  either 
fortified  by  preservatives  or  dispensed  in  a  perfectly  fresh  condition. 
The  writer  knows  of  several  progressive  pharmacists  who  have  built 
up  a  large  trade  in  meat-juice,  preparing  same  fresh  every  day. 

Beef-tea  is  made  by  digesting  finely  chopped  meat  with  warm  water 
and  straining. 

Beef-extracts  represent  beef-tea  evaporated  in  vacuo — ^being  admin- 
istered redissolved  in  warm  water.  Both  of  these  products  are  practi- 
cally devoid  of  nutritive  qualities,  its  stimulating  action  being  due  to 
the  sarcin  and  carnin  they  contain,  these  bodies  acting  similarly  to  their 
allied  body,  caffeine.  One  authority  has  claimed  that  "beef-tea" 
has  little  more  nutritive  action  than  has  urine. 


THE   PROTEINS  849 

Milk  is  caseine  emulsion  of  fat  (butter),  containing  milk-sugar  and 
inorganic  salts. 

When  nulk  is  treated  with  yeast,  the  milk-sugar  ferments  to  lactic 
acid,  and  if  the  operation  is  carefully  conducted,  we  obtain  the  phar- 
maceutical called  koumiss.  A  recipe  for  this  liquor  is  foimd  in  the 
National  Formulary  imder  the  name  of  "lac  fermentatum.^^ 

The  original  koumiss  was  made  in  Russia  by  fermenting  mares'  milk 
with  a  peculiar  ferment,  kephir. 

Condensed  milk  is  inilk  evaporated  in  vacuo,  and  usually  preserved 
by  addition  of  cane-sugar. 

Solid  evaporated  milk  is  now  on  the  market;  one  brand — "Nutrium" 
— consists  of  40  per  cent,  proteids,  46.7  per  cent,  sugar  of  milk,  8.57 
p>er  cent,  lime  salts  and  other  minerals,  and  5.73  moisture.  These  powders 
are  made  by  spraying  the  milk  into  a  heated  revolving  cylindricsd  dryer. 
It  is  said  that  100  pounds  skim  milk  give  10  pounds  nutrium. 

Infant's  food,  of  which  there  are  a  great  host,  can  be  grouped  into 
the  following  classes: 

Milk  Foods. — Such  as  condensed  milk.    Bad  as  exclusive  infant  diet. 

Predigested  Foods. — Milk  foods  digested  with  pepsin  or  pancreatin. 

Cereal  Foods. — Grains  dextrinized  by  heat.  To  be  used  mixed  with 
milk. 

Malted  Foods. — Cereals  digested  with  milk  and  then  dried.  Used 
mixed  with  milk. 

Mixed  Foods. — (a)  Combinations  of  extract  of  barley  or  wbeat  with 
powdered  predigested  milk. 

(6)  Dextrinized  cereals  with  unpredigested  milk  powder. 

ANIMAL  DRUGS 

At  this  place  we  will  discuss  those  drugs  of  animal  origin — whole 
animals,  animal  organs,  and  animal  excretions — which  are  of  such  com- 
plex composition  that  they  cannot  be  classed  among  definite  chemicals. 
As  examples  of  animal  products  that  are  definite  chemicals  may  be 
cited  lactic  add  (p.  609),  the  animal  faJts^  oils,  and  waxes  discussed  in 
Chapter  XLI,  and  the  animal  proteins,  pepsin  and  pancreatin,  discussed 
on  the  foregoing  pages  of  this  chapter.  The  discussion  of  the  other 
animal  products  in  this  chapter  may  be  misleading,  inasmuch  as  some 
of  the  products  here  considered  are  not  albuminoidal  in  character. 
However,  as  the  characteristic  compounds  of  most  living  animal  tissue 
are  protein  matter,  it  seems  appropriate  to  discuss  animal  drugs  at  this 
place,  with  the  warning  given  above. 

The  drugs  to  be  considered  may  be  classified  as  follows: 

Whole  Animals. — Cantharides,  U.S.P.,  and  Cochineal,  U.S.P. 

Animal  Organs. — ^Egg  (or  the  yolk,  Vitellus,  U.S.P.  1890),  isinglass, 
U.S.P.  1890,  the  musk-sac  (the  contents  thereof  is  official),  thyroidal 
glands,  U.S.P.,  suprarenal  glands,  U.S.P.;  pituitary  body,  U.S.P. 

Anim^il  Excretions. — Oxgall,  U.S.P.;  milk  (see  above). 

Antitoxins. — ^Antidiphtheritic  senmi,  U.S.P.;  antitetanic  serum, 
U.S.P.;  other  serums:  vaccine  virus,  U.S.P. 

CANTHARIS— Cantharides 

(Canthar. — Spanish  Flies — Russian  Flies) 

The  dried  beetle,  Cant)iaris  vesicaioria  (Linn6)  De  Geer  (Fam.  MeloidecB,  Order 
Coleoptera)j  yielding  not  less  than  0.6  per  cent,  of  cantharidin.  Preserve  Cantharides 
in  tightly  clos^  containers,  adding  a  few  drops  of  chloroform  or  carbon  tetrachloride, 
from  time  to  time,  to  prevent  attack  by  insects. 
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Constituents. — Cantharidinj  C10H12O4,  wax,  fat,  etc.    Cantharidin,  the 

vesicating  principle,  is  the  anhydride  of  cantharidinic  acid.    Gadamer 

thinks  that  its  graphic  formula  is 

CH 

CH,— Oh    J      CH— CO 

I      ^     I        >^ 
CH,— CH     I      CH— CO 

/ 


It  is  a  neutral  principle  and  might  therefore  be  discussed  more  properly 
in  Chapter  XLVIIL 

Remarks. — Cantharides  are  beetles,  which  differ  from  flies  in  having 
cases  into  which  they  fold  their  wings.  The  active  principle  is  cantharidin, 
which  produces  the  irritating  effects  of  the  drug,  and  which  is  sublimable. 
Hence  care  must  be  observed  in  hovering  over  melting  cantharides  cerate, 
as  thereby  severe  irritation  of  the  eyes  may  ensue. 

Medical  Properties. — Aphrodisiac,  vesicant,  stimulant  to  scalp.  Ad- 
ministered internally  (rarely  nowadays)  in  the  form  of  the  official  tincture 
(p.  225).  Externally  as  the  official  cerate  (p.  328)  properly  spread 
as  the  official  plaster  (p.  341).  The  pharmacopoeia  also  gives  a  recipe 
for  cantharidal  collodion  (p.  213). 

COCCnS-^ocliineal 

The  dried  female  of  the  insect  Coccus  Cacti  (Fam.  Caccidcs)  encloeing  the  young 
lanrsB. 

Constituents, — Carminic  add,  wax,  and  fat;  not  more  than  6  per 
cent.  ash. 

Remarks. — Cochineal  is  the  female  insect  gathered  while  with  young. 
Carminic  acid,  C22H22O18,  is  discussed  among  the  coloring  principles  on 
p.  783.  Carmine  is  the  insoluble  form  of  carminic  acid,  made  by  precipi- 
tating an  infusion  of  cochineal  with  either  alum  or  potassium  bitartrate. 
The  ash  requirement  of  the  Pharmacopoea  (not  more  than  6  per  cent.) 
is  based  on  the  fact  that  cochineal  is  lai^ely  adulterated  with  mineral 
matter. 

Medical  Properties. — Used  entirely  as  a  color.  For  this  purpose, 
however,  solution  of  carmine,  N.F.  (p.  190)  and  cochineal  color,  N.F. 
(p.  190)  are  usually  employed. 

Ovi  Vitellum  Recens  (U.S.P.  1890;  N.F.  IV),  or  yM  of  egg,  contains  50  per  cent,  of 
fixed  oil  emulsionized  by  proteins  (vitellin,  livitin^  etc.).  The  yolk  contains  about 
12  per  cent,  of  lecithin  (p.  670)  and  a  yellow  colonns  matter  called  ovochiomin.  It 
is  used  as  a  protective  dreesing  and  for  making  emiiiiBion  of  cod-liver  oil  (p.  261). 

Ichthyocolla  (U.S.P.  1890),  or  isinglassj  represents  the  dried  "sounds"  (swimming 
bladders)  of  the  Russian  sturgeon,  Acipenser  Huso,  whose  eg^  (roe)  constitute  thai 
delicacy,  caviar.  It  is  almost  pure  gelatin,  and  is  the  adhesive  constituent  of  court 
plater.     (Emplastrum  IchlhyocoUcB,  if.S.P.  1890). 

MOSCHUS— Musk 
fMosch. — Tonquin  Musk — Deer  Musk) 

The  dried  secretion  from  the  preputial  follicles  of  Moschua  mosckifenu  Linn^ 
(Fam.  Mosckidm).    Preserve  it  carefuDy  in  glass-stoppered  bottles. 
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ConslihAenis. — Ammonia,  cholesterin  (p.  670),  fat,  wax,  odorous 
principle. 

Remarks. — ^By  '^preputial  follicles"  is  meant  a  little  sac  situated 
between  the  navel  and  the  penis  of  the  musk  deer  {Moscht^  moschiferus)^ 
an  animal  that  lives  in  the  mountains  of  Central  Asia.  Official  muak 
is  the  "secretion" — ^the  contents — of  this  sac.  It  is  used  largely  in 
perfumery.  B^ar  in  mind  that  artificial  musk  (p.  736)  has  nothing  in 
conunon  with  the  drug,  save  its  similar  perfume. 

Medical  Properties. — Powerful  stimulant,  of  especial  value  in  the 
exhaustion  that  comes  with  pneumonia.  While  little  used^  it  is  badly 
needed  when  desired,  and  that  of  the  best  quality;  hence  the  pharmacist 
should  always  be  ready  to  furnish  a  high  grade  of  musk  on  demand. 
The  tincture  (p.  229)  is  official. 

Dose. — 250  milligrammes  (4  grains). 

THTROmEUM  SICCUM— Dried  Thyroids 

(Thyroid.  Sice— Glandul®  Thyroide»  Sicca,  U.S.P.  VIII— Desiccated 

Thyroid  Glands) 

The  thyroid  glands  of  animalw  which  are  used  for  food  by  man,  freed  from  connec- 
tive tissue  and  fat,  dried  and  powdered,  and  containing  not  less  than  0.17  per  cent,  nor 
more  than  0.23  per  cent,  of  iodine  (I » 126.92)  in  thyroid  combination.  One  part  d 
Dried  Thyroids  corresponds  to  approximately  5  parts  of  the  fresh  glands. 

Summarized  DeacriyUon, 

^  Yellowish,  amorphous  powder;  slight  characteristic  odor;  must  be  free  from  iodine 
in  inorganic  form;  moisture,  not  more  than  6  per  cent.;  ash,  not  more  than  5  per  cent. 
For  details  see  U.S.  P.,  p.  443. 

For  testB  for  identity  and  for  assay  see  U.S.P.  and  also  Part  V  of  this  book. 

ConstihMents. — Thyroidin,  combined  with  proteid  matter,  etc. 

Remarks. — ^The  thyroid  gland  is  found  in  the  neck  of  man  and  other 
animals  and  its  abnormal  development  represents  the  disease  called 
goiter.  The  activity  of  the  gland,  when  used  as  medicine,  is  proportional 
to  its  organic  iodine  content;  some  specimens  containing  one-fourth  of  1 
per  cent. 

Medical  Properties. — Furnishes  iodine  in  non-irritating  and  easily  ab- 
sorbable form.    Used  in  goiter,  obesity,  etc. 

Dose. — 100  milligrammes  {1}4  grains). 

SDPRARENALUM  SICCUM— Dried  Suprarenals 

(Supraren.  Sice. — Glandul®  Suprarenales  Siccse  U.S.P.  VIII — Desiccated 

Suprarenal  Glands 

The  suprarenal  glands  of  animals  which  are  used  for  food  by  man,  cleaned,  dried, 
freed  from  fat,  and  powdered^  and  containing  not  less  than  0.4  per  cent,  nor  more 
than  0.6  per  cent,  of  epinephrme,  the  active  principle  of  the  suprarenal  gland.  One 
part  of  Dried  Suprarenals  represents  approximately  6  parts  of  fresh  glands,  free  from 
fat.  If  assayed  biologically  one  gramme  of  Dried  Suprarenals  contains  the  equivalent 
of  ten  miUifframmes  of  leevo-methylamino-ethanol-catechol. 

Summarized  Desaription. 

Yellowish-brown,  amorphous  powder;  slight  characteristic  odor;  partially  soluble 
in  water,  moisture,  not  more  than  7  per  cent. ;  ash,  not  more  than  7  per  cent.  For 
details  see  U.S.P..  p.  424. 

For  tesU  for  iaentity  and  for  assay  see  U.S.P.  and  also  Part  V  of  this  book. 

Constituents. — Epinephrin,  fat,  proteids,  ash,  etc. 

Remarks, — ^The  word  "suprarenal"  means  "above  the  kidney/*  and 
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explains  the  location  of  this  gland  in  the  animal  body.  Epinephrin  is  a 
basic  body  described  on  p.  720. 

This  alkaloid  in  a  more  or  less  pure  state  is  now  largely  advertised 
under  tiie  names  adrenalin,  suprarenin,  adrin,  etc. 

Medical  Ptaperties. — Increases  blood-pressure,  hence  of  value  in 
shock.  Believes  inflanmiation  of  mucous  membrane,  hence  recommended 
for  catarrh,  hay-fever,  etc. 

Dose. — Of  glands,  250  milligrammes  (4  grains).  For  external  use  an 
aqueous  or  oily  solution  of  the  active  principle  (1 :  100,000)  is  preferable. 

HTPOPHYSIS  SICCA— Desiccated  Hypophysis 
(Hypophjrsis  Sic. — Desiccated  Pituitary  Body) 

The  posterior  lobe  obtained  from  the  pituitary  body  of  cattle,  cleaned,  dried,  and 
powdered. 

Summarized  Description. 

Yellowish  or  ^a3rish  amorphous  powder;  characteristic  odor;  partiaUy  soluble  in 
water.     For  details  see  U.S.P.,  p.  226. 

Remarks, — This  new  official  substance  is  the  posterior  lobe  of  the  pitu- 
itary gland,  which  is  a  pale  reddish  body  attached  to  the  imdersurface 
of  the  cerebrum.  This  gland  not  only  exercises  a  marked  influence 
on  the  brain  wherein  it  is  found  but  also  on  the  entire  growth  of  the  ani- 
mal. The  posterior  lobe  contains  a  substance  having  marked  influence 
upon  the  muscles  of  the  blood-vessels  and  the  uterus. 

Medical  Properties. — Used  in  various  forms  of  hemorrhage. 

Dose. — ^30  milligrammes  (J^  grain). 

LIQUOR  HYPOPHYSIS— Solution  of  Hypophysis 
(Liq.  Hypophysis — Solution  of  the  Pituitary  Body) 

A  solution  containing  the  water-soluble  principle  or  principles  from  the  fresh  pos- 
terior lobe  of  the  pituitary  body  of  cattle. 

Condensed  Recipe. 

Extract  the  hypophysis  with  acidulated  water,  boil,  filter,  sterilise  and  seal  in 
sterile  ampuls.    See  U.S.  P. 

Summarized  Description, 

Almost  colorless,  transparent  liquid;  faint  characteristic  odor.  For  details  see 
U.S.P.,  p.  247. 

Outline  of  Assay. — One  mil  of  solution  diluted  20,000  times  has  the  same  activitr 
on  the  uterus  of  a  virsm  guinea-pig  as  has  a  1  to  20,000,000  solution  of  beta-iminasolyl- 
ethylamine.    See  U.S.?. 

Remarks. — The  above  description  of  this  new  official  solution,  when 
read  with  what  has  just  been  said  about  the  pituitary  gland,  is  self- 
explanatory. 

Dose. — 1  mil  (15  minims). 

FEL  BOVIS— OxgaU 

The  fresh  bile  of  the  ox,  Bos  taurus  Linn^  (Fam.  Bovida). 

Summarized  Description, 

Brown-green  or  dark  green  viscid  liquid;  characteristic  odor;  disagreeable  bitter 
taste;  sp.gr.  1.015  to  1.026;    For  details  see  U.S.?.,  p.  164. 

Colir  Test. — Brown  red,  then  carmine,  then  purple,  then  violet,  when  treated  with 
sugar  solution,  followed  by  sulphuric  acid.    For  details  see  tJ.S.P. 
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Ccnttituerds. — Sodium  salts  of  glycocholic  acid  and  taurocholie  acid; 
lecithin;  cholesterin;  the  bile-pigments,  bilirubin,  biliverdin,  etc.;  mucin; 
water,  86  per  cent.  The  two  acids  above  mentioned  are  combinations 
of  cholalic  add,  C%4J3.AoOi,  with  glycocoll  (p.  604),  and  with  taurine  (p. 
604)  respectively.  Cholesterin  is  an  alcohol  (Ca4H460H)  whose  chemistry 
is  little  understood.  Igocholesterin  will  be  remembered  as  the  alcohol 
with  which  oleic,  stearic,  and  palmitic  acids  are  united  in  wool-fat 
(p.  662). 

Remarks. — Bile  is  the  secretion 'of  the  liver,  and  is  designed  to  emul- 
sionize  and  assimilate  fats.  The  test  given  above,  depending  on  the 
play  of  colors,  when  bile  is  treated  with  sugar  and  sulphuric  acid  (Petten- 
kofer's  test),  is  very  characteristic. 

Medical  Properties. — Laxative  and  cholagogue.  Almost  invariably 
used  in  the  official  extract  (p.  276). 

Pel  Bovis  Purificatum  TU.S.P.  VIII),  or  purified  oxgall^  was  a  form  of  pitular  extract 
of  oxgall.     It  is  now  replaced  by  the  official  powdered  extract  of  oxgall  (p.  276). 

SERUM  ANTIDIPHTHERICnM— Antidiphtheric  Serum 

(Ser.  Antidiph. — Diphtheria  Antitoxin) 

A  fluid,  having  a  potency  of  not  less  than  250  antitoxic  units  per  mil,  separated 
from  the  coagulate  blood  of  the  horse,  Equus  CtibaUtu  Linn6  (Fam.  EqaidtB)^  or  other 
large  domestic  animal,  which  has  been  properly  immunized  against  diphtheria  toxin. 
It  must  be  kept  in  sealed  glass  containers  m  a  dark  place,  at  a  temperature  between 
4.5'  and  15**C. 

Summarized  Deecriptian, 

Yellowish  or  yeQow-blrown,  transparent  or  slightly  turbid  liquid  sometimes  with 
a  sligjit  sediment;  odorless  or  with  odor  of  antiseptic  employed;  loses  potency  on 
aging,  must  be  sterile;  phenol  or  cresol  may  be  used  as  preservatives  in  proper  specified 
quantities;  total  solids,  not  more  than  20  per  cent. ;  sera  must  not  have  a  lower  potency 
tnan  250  units  per  mil  and  must  be  prepared  in  a  factory  licensed  by  the  Secrcitary  of 
the  Treasury  of  the  United  States;  outline  of  the  federal  labelling  law  is  given;  standarvl 
of  strength  is  that  established  by  the  United  States  Public  Health  Service. 

SERUM  ANTIDIPHTHERICnM  PTHUFICATUM— Purified 

Antidiphtheric  Serum 

• 

(Set.  Antidiph.  Purif. — ^Antidiphtheric  Globulins — Concentrated  Diph- 
theria Antitoxin — Diphtheric  Antitoxin  GlobuUns— Refined  and 

Concentrated  Diphtheria  Antitoxin) 

A  solution  in  physiological  solution  of  sodium  chloride  of  certain  antitoxic  sub- 
stances, proteins  obtained  from  the  blood  serum  or  plasma  of  the  horse,  Equus 
CabaUueiAim!^  (Fam.  EquidoB).  or  other  large  domestic  animal,  which  has  been  prop- 
erly immunized  against  diphtneria  toxin.  After  the  serum  or  plasma  from  the  im- 
munized animal  has  been  collected,  the  antitoxin-bearing  globulins  are  separated  from 
the  other  constituents  of  the  serum  or  plasma  and  dissolved  in  water,  and  sufficient 
sodium  chloride  is  then  added  to  make  a  solution  containing  from  0.6  to  0.9  per 
cent,  of  the  salt.  It  has  a  potency  of  not  less  than  250  antitoxic  units  per  mil.  It 
must  be  kept  in  sealed  glass  containers  in  a  dark  place,  at  a  temperature  between 
4.5**  and  15*0. 
Summarized  Description. 

Transparent  or  slightly  opalescent  liquid,  sometimes  with  a  slight  deposit,  other 
properties  like  antidiphtheric  serum. 

SERUM  ANTIDIPHTHERICnM  SICCUM— Dried  Antidiphtheric  Serum 
(Ser,  Antidiph.  Sice. — Dried  Diphtheria  Antitoxin) 


Antidiphtheric  Serum  is  obtained  by  the  evaporation  of  either  Antidiphtheric 
Serum  or  Purified  Antidiphtheric  Serum  in  a  vacuum,  over  sulphuric  acid,  or  other 
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desicating  agent,  or  by  passing  over  it  a  current  csl  wann  air  freed  from  bacteria.  It 
has  the  potency  of  not  less  than  4000  units  per  grrjnme.  It  must  be  kept  in  her- 
metically sealed,  amber-colored  glass  containeis  fioe  from  air,  at  a  ten^ieratuie 
between  4.5**  and  15°C.,  preferably  in  a  dark  place. 

Summarized  Description, 

Orange  or  yellowish  flakes,  or  small  limips,  or  yellowish-^diite,  odorless  powder; 
readily  soluble  in  nine  parts  of  distilled  water,  forming  an  opalescent  and  alighUy 
viscous  fluid;  other  propKcrties  like  antidiphtheric  serum. 

SERUM  ANTITBTANICUM— Antitetanic  Serum 
(Ser.  Antitetaiu — ^Tetanus  Antitoxin) 

A  fluid  havizijs  the  potency  of  not  less  than  100  units  per  mil,  separated  from  the 
coagulated  bloocTof  the  horse,  Equue  CabaUua  Ldnn4  (Fam.  EquidcB),  or  other  large 
domestic  animal,  which  has  been  properly  immunized  against  tetanus  toxin.  It  must 
be  kept  in  sealed  glass  containers  in  a  dark  place,  at  a  temperature  between  4.5* 
and  WC. 

Summarized  Deaariftion. 

Yellowish  or  vellow-brown  transparent  or  slightly  turbid  liquid  sometimes  with  a 
slight  deposit;  odorless  or  smelling  like  the  antiseptic  used;  other  description  like  that 
for  antidiphtheric  serum. 

SERUM  ANTITETANICUM  PURIFICATUM— Purified 

Antitetanic  Serum 

(Ser.  Antitetan.  Purif . — Antitetanic  Globulins — (Concentrated 

Tetanus  Antitoxin — Refined  and  Concentrated  Tetanus 

Antitoxin — Tetanus  Antitoxic  Globulins) 

A  solution  in  physiological  solution  of  sodium  chloride  of  certain  antitoxic  sub- 
stances obtained  from  the  blood  serum  or  plasma  of  the  horse,  Equus  CabaUue  linn^ 
(Fam.  EquidcB),  or  other  large  domestic  animal,  which  has  been  properly  immunized 
^gainst  tetanus  toxin.  After  the  serum  or  plasma  from  the  immimized  animal  has 
been  collected,  the  antitoxin-bearing  globulins  are  separated  from  the  other  constitu- 
ents of  the  serum  or  plasma  and  dissolved  in  water,  and  sufficient  sodiimi  chloride  is 
then  added  to  make  a  solution  containing  from  0.6  to  0.9  per  cent,  of  the  salt.  It 
has  a  potency  of  not  less  than  100  units  per  mil.  It  must  be  kept  in  seal^  glass 
containers  in  a  dark  place,  at  a  temperature  between  4.5^  and  15**0. 

Summarized  Description, 

Transparent  or  slightly  opalescent  liouid,  sometimes  with  a  slight  deposit;  odorless 
or  smelling  like  the  antiseptic  used;  other  description  like  that  for  antidiphtheric 
serum. 

SERUM  ANTITETANICnM  SICCUM— Dried  Antitetanic 

Serum 

(Ser.  Antitetan.  Sice. — Dried  Tetanus  Antitoxin) 

Dried  Antitetanic  Serum  is  obtained  by  the  evaporation  of  either  Antitetanic 
Serum  or  Purified  Antitetanic  Serum  in  a  vacuum,  over  sulphuric  acid  or  other  desic- 
cating agent,  or  by  passing  over  it  a  current  of  warm  air  freed  from  bacteria.  It 
has  a  potency  of  not  less  than  1000  units  per  gramme.  It  must  be  kept  in  hermeti- 
cally sealed  amber-colored  glass  containers,  free  from  air,  at  a  temperature  between 
4.5°  and  15*^0.  preferably  in  a  dark  place. 

Summarized  Description, 

Orange  or  yellowish  flakes,  or  small  lumps  or  yellowish-white,  odoriea^  powder, 
readily  soluble  in  9  parts  of  distilled  water,  forming  an  opalescent  and  slightly  viseous 
fluid;  otiier  description  like  that  for  antidiphtheric  serum. 

Remarks. — ^The  subject  of  antitoxins,  of  which  the  six  officials  out- 
lined above  are  the  prominent  examples,  is  more  medical  than  phanna- 


THE    PROTEINS  855 

ceutiCy  and  these  products  can  never  be  made  by  the  retail  pharmacist, 
a  large  well-equipped  and  aseptic  plant  being  essential  to  their  successful 
manufacture.  Because  of  tlus  fact  the  acboaission  of  these  substances 
into  the  pharmacopoeia  caused  much  discussion  and  the  final  decision 
as  to  adnutting  the  six  now  official  products  was  based  on  the  desire  to 
secure  a  uniform  standard  for  this  important  form  of  medication. 

As  to  the  theory  of  antitoxins,  Behring  showed  that  most  animals 
when  infected  with  certain  diseases  are  capable  of  generating  in  their 
blood-serum  substances  (antitoxins)  capable  of  neutralizing  the  poison- 
ous matter  (toxins)  transmitted  to  the  blood  by  the  organism  producing 
the  disease;  and,  further,  that  the  question  as  to  whether  the  animal 
survives  or  succumbs  to  the  disease  is  a  question  as  to  which  predomi- 
nates, the  toxin  or  the  antitoxin. 

Applying  this  idea  in  the  manufacture  of  diphtheria  antitoxin,  the 
animal  (usually  a  horse)  is  inoculated  with  cultures  of  diphtheria  germs, 
first  in  small  doses  then  in  large  ones.  A  mild  case  of  the  disease  is 
thus  produced  in  the  animal,  which  immediately  combats  the  toxin  by 
the  formation  of  the  antitoxin.  As  increased  doses  of  the  toxin  are 
administered,  an  increased  amount  of  antitoxin  is  produced  untU,  at 
the  end  of  two  weeks,  the  animal  has  stored  up  so  much  antitoxin  in 
its  blood-serum  that  it  becomes  "immune." 

A  certain  quantity  of  blood  (5  to  10  liters)  is  then  removed  through 
the  jugular  vein,  allowed  to  stand  until  the  albuminoids  separate  by 
coagulation,  and  the  liquid  portion  (the  serum)  is  then  mixed  with  some 
antiseptic  (phenol,  cresol,  etc.),  is  standardized,  and  then  put  into  glass 
tubes  which  are  immediately  sealed. 

The  pharmacopoeia  directs  that  the  standards  of  strength  expressed 
in  units  of  antitoxic  power — ^^ immunity  unit" — ^be  that  of  the  United 
States  Public  Health  and  Marine  Hospital  Service.  Thus  antidiphtheric 
serum  U.S.P.  and  purified  antidiphtheric  serum  U.S.P.  must  have  a 
potency  of  not  less  than  250  antitoxic  imits  per  mil.  A  brief  explanation 
of  this  statement  is  in  order. 

The  toxin  (as  the  culture  of  the  germ  is  called)  is  prepared  and  admin- 
istered to,  say,  a  dozen  guinea-pigs  of  the  same  weight  (250  grammes) ; 
to  each  a  different  dose.  The  smallest  amount  killing  one  of  the  guinea- 
pigs  within  four  days  is  *Hhe  minimtmi  fatal  dose."  One  hundred  times 
this  quality  of  toxin  is  mixed  with  various  amounts  of  the  antitoxin 
serum,  and  administered  to  a  second  batch  of  guinea-pigs.  The  smallest 
amount  of  the  antitoxic  serum  which  prevents  the  hundred-fold  dose  of 
toxin  from  being  fatal  to  the  guinea-pig  represents  the  "  immunity  imit; " 
100  times  this  volume  of  serum  represents  100  units;  3000  times  this 
volume  represents  3000  imits,  and  so  on. 

The  amounts  of  toxin  and  antitoxin  serum  involved  in  guinea-pig 
testing  is  very  small — J^qq  mil  of  the  toxin  is  apt  to  be  fatal;  while  J^qq 
mil  of  the  antitoxic  senun  often  represents  one  "immunity  unit." 
Hence  the  tests  are  carried  out  with  diluted  toxin  and  antitoxin  of 
known  strength. 

The  absolute  strength  of  the  same  volume  of  different  batches  of 
serum  may  vary  materially,  hence  the  dosage  is  by  "immunity  units," 
and  not  by  volume.  Thus  in  one  case  3000  units  may  be  in  30  mils  of 
serum;  in  another  in  50  mils  of  serum. 

Of  the  six  sera  now  official,  only  one — antidiphtheric  serum — ^was  recog- 
nized by  U.S.P.  VIII.  Of  the  other  two  forms  of  diphtheria  antitoxin 
now  official,  purified  antidiphtheric  serum  is  a  refinement  of  the  original 
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form^  consisting  of  the  antitoxin-bearing  globulins  precipitated  from  the 
original  serum  with  ammonium  sulphate  and  then  dissolved  by  use  of 
saturated  sodium  chloride  solution.  This  purified  serum  has  the  same 
potency  as  has  the  original  serum.  • 

Dried  antidiphtheric  serum  is  prepared  from  either  of  those  just 
mentioned  by  evaporation  of  the  water  with  a  minimum  amount  of 
heat.     It  has  ten  times  the  potency  of  the  fluid  sera  just  described. 

Likewise  the  present  pharmacopoeia  recognizes  three  forms  of  anti- 
tetanic  serum;  the  regular  tetanus  antitoxin,  the  antitetanic  globulins  and 
the  dried  antitetanic  serum.  It  will  be  noticed  on  reading  the  pharma- 
copoeial  monographs  for  these  sera,  that  are  summarized  above,  that  the 
standard  of  antitoxic  power  of  these  has  been  fixed  at  100  units  per 
gramme  for  the  first  two  and  at  1000  imits  per  gramme  for  the  third. 

Doses.— -Of  the  antidiphtheric  sera:  curative,  10,000  units.  Protect- 
ive, 1000  units.  Of  the  antitetanic  sera:  curative,  10,000  units.  Pro- 
tective, 1500  units. 

Similar  antitoxins  for  snake-Ute,  Imbonic  plague^  and  glanders  are 
now  on  the  market,  and  all  prepared  by  a  similar  process,  namely, 
from  the  serum  of  animals  infected  with  the  special  disease  for  which  the 
antitoxin  is  intended. 

VIRUS  VACCmiCUM— Vaccine  Virus 

(Virus  Vaccin. — Glycerinated  Vaccine  Virus — Smallpox  Vaccine — 

Jennerian  Vaccine) 

The  pustules  of  vaccinia  or  cowpox  from  vaccinated  animals  of  the  bovine  species, 
removed  andprepared  under  aseptic  conditions.  Preserve  it  at  a  temperature  between 
4.5**  and  15®C.,  protected  from  fight. 

Condensed  Recipe, 

Vaccine  pulp  is  triturated  or  ground,  strained  and  made  with  a  smooth  emulsion 
with  glycerin.     See  U.S. P.,  p.  487. 

Summarized  Specificatiana, 

Vaccine  virus  must  be  prepared  in  a  factory  licensed  by  the  Secretary  of  the 
Treasury  of  the  United  States;  from  animals  free  from  disease  and  inspected  by  govern- 
ment veterinarians;  the  virus  must  be  examined  bacteriolo^ically;  must  be  marketed 
in  sterile  containers  and  must  be  labelled  as  provided  for  m  the  federal  regulations. 

Remarks. — Although  vaccine  virus  has  been  used  for  many  years, 
the  present  is  the  first  United  States  Pharmacopoeia  to  give  it  official 
recognition.  As  the  official  monograph  outlined  above  shows,  this  vaccine 
is  the  virus  from  the  sores  upon  a  heifer  which  has  been  inoculated  with 
cowpox.  While  antitoxins  contain  the  principles  protecting  one  against 
the  poison  of  a  disease,  vaccines  contain  the  substance  that  produce  the 
disease.  Thus  vaccine  virus  gives  a  man  the  comparatively  mild  disease, 
cowpox,  and  the  sufferer  develops  in  his  blood  the  cowpox  antitoxin, 
which  protects  him  from  the  ravages  of  small-pox.  ^ 

The  virus  was  formerly  marketed  as  a  dry  coating  on  ivory  points 
or  on  quills.  Now  it  is  almost  always  dispensed  in  glycerinic  emulsion 
in  sealed  tubes. 

Note  that  vaccine  virus,  as  well  as  the  antitoxins,  must  be  kept  in  a 
cool  place,  and  that  they  deteriorate  with  age. 

Opsonins  are  substances  which,  introduced  into  the  blood,  act  on  disease  bac- 
teria, so  chfinging  them  as  to  cause  them  to  be  readily  absorbed  by  the  phagocytes^ 
those  bodies  found  in  the  blood,  and  upon  whose  preservation  depends  the  well-being 
of  the  animal.  Bacteria  not  so  treated  attack  the  phajgocytes,  producing  the  various 
bacterial  diseases.    Each  species  of  bacteria  has  its  special  opsomn,  and  these  opeonins. 
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or  bacterial  vaccines,  can  be  prepared  by  making  cultures  of  the  special  bacteria, 
killing  them,  suspending  in  normal  saline  solution,  and  sterilizing  at  60°C.  Such 
products  are  usually  caUed  bacterial  vaccines. 
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PART  V 

PHARMACEUTIC  TESTING 

CHAPTER   LII 

INTRODUCTORY 

On  the  foregoing  pages  enough  has  been  said  to  emphasize  the  im- 
portance of  examining  pharmaceuticals  and  chemicals,  both  as  to  com- 
position and  also  the  quantity  of  each  component.  The  subject  of 
such  testing  is  called  analytic  chemistry ^  a  branch  of  science  the  many 
details  of  which  are  clearly  beyond  the  scope  of  this  work.  In  the 
few  chapters  that  follow  only  an  outline  of  the  principles  of  pharma- 
ceutic testing  as  directed  in  the  pharmacopoeia  wiU  be  given,  and  for 
complete  details  the  reader  is  referred  to  one  of  the  several  books  on 
analytic  chemistry  mentioned  in  the  Preface. 

Analytic  chemistry  is  divided  into  two  subdivisions — qaaliiotive 
analysis,  which  aims  to  find  the  constituents  of  a  compound,  and  quavr 
titative  analysis,  by  means  of  which  we  can  estimate  the  quantity  of  each 
ingredient.  Quantitative  analysis  is,  in  turn,  divided  into  three  classes: 
Gravimetric,  volumetric,  gasometric  and  colorimetric  analysis. 

Oravimetric  analysis  is  where  the  quantity  of  ingredient  is  estimated 
by  conversion  into  an  insoluble  compound  containing  a  definite  pro- 
portion of  the  ingredient,  collecting  and  weighing  the  precipitate,  and 
from  the  weight  obtained  estimating  the  amount  of  the  ingredient  by 
molecular  proportions. 

Volumetric  analysis  (or  titration)  is  where  the  quantity  of  ingredi- 
ent is  estimated  from  the  amount  of  a  definite  standard  solution  of  a 
chemical  (volumetric  solution)  required  to  combine  with  it  exactly; 
the  amount  of  this  volumetric  solution  required  exactly  to  complete 
the  reaction  is  usually  denoted  by  the  change  in  color  produced  by  a 
third  chemical,  called  an  indicator. 

Assaying  is  a  term  applied  in  pharmacy  to  the  quantitative  estima- 
tion of  the  active  ingredient  of  a  mixed  product,  notably  a  drug.  As 
the  quantity  is  sometimes  estimated  by  gravimetric  anal3rsis  and  some- 
times by  volumetric  analysis,  the  process  is  merely  a  modification  of 
these,  the  only  difference  being  that  some  process  of  extraction  must 
first  be  employed. 

The  apparatus  used  in  pharmaceutic  testing  have  been  referred  to 
in  the  chapters  comprising  Part  I.  For  qualitative  analysis,  funnels, 
beakers,  spritz-bottles,  flasks,  evaporating  dishes,  filter-paper,  and 
Bunsen  burners  are  required,  and  these  have  already  been  described. 
In  addition  thereto  it  is  necessary  to  have  test-tubes  and  test-tube 
racks  (p.  145);  red  and  blue  litmus-paper  (which  is  filter-paper  dipped 
in  a  decoction  of  the  lichen,  litmus,  and  treated  with  acid  to  make  it 
red,  or  alkali  to  make  it  blue);  blue  glass;  and  platiniun  wire  and  foil. 

The  chemical  to  be  analyzed  is  usually  made  into  a  solution  and 
treated  with  solutions  of  other  chemicals.    Such  solutions  are  called 

859 


860  PBINCIPLES   OF   PHABUACT 

test  aolutiona.  This  phrase  is  frequeatty  abbreviated  to  T^.  (example, 
potassium  iodide  T.S.). 

The  test  solutions  are  usually  prepared  by  maldi^  a  10  to  20  per 
cent,  solution  of  the  chemical  (caJled  reagent)  in  di^illM  water,  but 
masy  of  the  test  Bolutions  must  be  prepared  by  special  treatment. 
A  recipe  for  each  test  solution  directed  by  the  pharmacoptsia  is  found 
in  the  appendix  to  that  standard  (pp.  521-554),  to  which  the  reader  is 
referred. 

These  test  solutions  should  be  kept  in  special  bottles,  closed  either 
with  glass  or  rubber  stoppers.  Such  a  test  solution  bottle  is  shown  in 
Fig.  246. 

While  moat  qualitative  analyses  are  performed  with  test  solutions, 
the  reagent,  hydrogen  sulphide,  is  employed  as  a  eos  and  is  usually 
generated  by  action  of  sulphuric  acid  on  ferrous  sulphide  in  a  Kipp'a 
generator  (Fig.  247),  which  acts  automatically.  Then  sometimes  the 
reagent  is  employed  in  solid  form.    Thus,  borax  ia  fused  for  the  borax 
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bead  test,  sodium  csxbonate  and  potassium  nitrate  are  melted  on  plati- 
num foil  in  several  of  the  fusion  tests,  etc. 

In  quantitative  analysis  the  apparatus  used  are  crucibles,  desic- 
cators, analytic  balances,  measuring  vessels,  such  as  burettes  (Fig.  248), 
pipettes,  measuring  cylinders,  100-mil  and  1000-mil  bottles.  The 
reagents  used  are  practically  the  same  aa  in  qualitative  analy^,  witli 
the  additional  line  of  volumetric  solutions,  the  manufacture  of  which 
will  be  discussed  a  few  pages  farther  on. 

In  drug  assays  the  apparatus  is  practically  the  sfune  as  that  just 
mentioned7  but  In  addition  thereto,  since  the  active  principle  is  usually 
extracted  by  shaking  out  of  the  watery  solution  with  ether  or  chlonrform 
(separation  from  an  immiscible  solvent),  a  separatory  funnel  is  required. 

The  detection  of  the  ingredients  of  a  compound  in  qualitative  analy- 
sis is  accomplished  in  aever^  ways: 

I.  By  production  (>f  a  charaderistic  predpUaie:  thus  a  solution  of  a 
sulphate  when  mixed  with  barium  chloride  T.S.  gives  a  white  precipitate, 
insoluble  in-  boiling  nitric  acid. 
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II.  By  production  of  a  characteristic  color  in  a  aoLutibn:  thus  a  dilutJed  , 
solution  of  copper  sulphate  gives  a  deep  azure  blue  solution  with  excess 
of  ammonia  water. 

III.  By  production  of  a  characteristic  odor:  thus  an  acetate  warmed 
with  alcohol  and  sulphuric  acid  gives  the  pleasant  odor  of  acetic  ether. 

IV.  By  transmitting  a  characteristic  color  to  a  colorless  Bunsen  flame: 
thus  a  trace  of  sodium  salt  on  a  loop  of  platinum  wire  placed  in  a  Bunsen 
flame  makes  it  a  vivid  yellow. 

V.  By  giving  a  characteristic  color  to  a  horax  bead:  thus  if  borax  is 
fused  on  a  loop  of  platinum  wire  and  a  trace  of  a  manganese  salt  added 
to  the  beady  which  is  then  fused  once  more,  the  cooled  solidified  bead 
will  be  found  to  possess  a  beautiful  amethyst  color. 

VI.  By  giving  a  characteristic  color  to  specially  prepared  test-paper: 
thus  borax  gives  buff-colored  turmeric  paper  a  red-brown  tint. 

VII.  By  producing  a  play  of  colors  when  brought  in  contact  with  the 
reagent  on  a  porcelain  surface:  thus  most  alkaloids  give  characteristic 
color  reactions  when  treated  with  a  drop  of  sulphuric  acid  and  a  trace 
of  potassium  dichromate. 

VIII.  By  leaving  a  characteristic  residue  on  heating  on  charcocd  with  a 
blow-pipe:  thus  zinc  salts  when  treated  with  cobaltous  nitrate  and  heated 
with  a  blow-pipe  leave  a  vivid  green  spot. 

It  will  be  noticed  that  the  pharmacopoeia  makes  use  of  all  of  these 
several  means  of  identity,  and  a  classification  of  the  qualitative  tests 
of  the  pharmacopoeia  will  comprise  the  next  chapter. 


CHAPTER  LIII 


THE  QUALirATIVE  INORGANIC  TESTS  OF  THE 

PHARMACOPCEIA 


Free  chlorine  liberates  iodine  from  potassium  iodine. 


This  test  w  tised  to  detect  free  chlorine  in: 

^li^^ariltic  Acid  }    ^-  ^^''  «-  U.8.P. 
Benzoic  Acid. — A  modified  silver  nitrate  test.    See  U.S.P.,  p.  8. 


Hydrochloric  acid  and  chlorides  give,  with  stiver  nitrate  T.S.,  a  white 
curdy  precipitate  insoluble  in  nitric  add,  Imt  soluble  in  ammonia  water. 
This  precipitate  is  silver  chloride  (AgCl). 

The  following  official  chemicals  are  submitted  to  this  test  for  chlorides. 
In  some  cases,  slight  modifications  are  directed  and  therefore  for  details 
the  reader  is  referred  to  the  appropriate  monograph  in  the  pharmacopoeia. 

Pbbsbnt  as  Ingredibntb 

Hydrochloric  acid.  Corrosive  Mercuric  Chloride. 

Sodium  Chloride.  Oold  and  Sodium  Chloride. 

Ammonium  Chloride.  Ammoniated  Mercury. 

Calcium  Chloride.  Pilocarpine  Hydrochloride. 

Zinc  Chloride.  Quinine  Hydrochloride. 

Ferric  Chloride.  Cocaine  Hydrochloride. 

Solution  of  Ferric  Chloride.  Hydra^tine  Hydrochloride. 

Tincture  of  Ferric  Chloride.  Quinine  Hydrochloride. 

Chloiides  Sought  as  Impurity. — The  diversified  modifications  of  the 
test  necessary  to  adopt  it  to  the  different  conditions,  obtaining  with  the 
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several  chemicals  tested,  make  classification  difficult.  For  this  reason 
the  reader  is  referred,  for  details,  to  the  appropriate  monograph  in  the 
pharmacopoeia. 

DiltUed  Hydrobramic  Add  Strontium  Iodide. 

DibtUed  Hydriodic  Acid,  Zinc  Stdphaie. 

DUiOed  Hydrocyanic  Acid,  Biemuth  Suboarhonate. 

Nitric  Acid.  Bismuth  and  Ammonium  Ciiraie, 

Sutphuric  Acid,  Bismuth  Subgallate. 

DUiUed  Sulphuric  Add,  Bismuth  Subsalicylate, 

Sodium  Cacodylate,  Trichloracetic  Acid, 

Sodium  Iodide,  Lactic  Acid, 

Sodium  Phosphate,  Salicylic  Add, 

lAthium  Bromide.  Hexamethylenamine, 

Ammonium  Carbonate.  Phenyl  Sakcylate, 

Magnesium  Sulphate.  Pilocarpine  Nitrate. 

Calcium  Bromiae,  Quinine  Salicylate. 

Caldum  Glycerophosphate,  Quinine  Tannate. 

Coddne  Phosphate. 

Hypochlorites  evohe  odor  of  chlorine  when  treated  with  an  acid.  This 
test  is  applied  by  the  pharmacopoeia  in  identifying  Morinated  lime  and 
soltUion  of  chlorinated  soda. 

ChlorateSi  on  heating  with  hydrochloric  acid,  etwlve  chlorine.  On 
heating  strongly,  chlorates  evolve  oxygen.  These  tests  are  used  for  identi- 
fying potassium  chlorate. 

Sought  as  impurity  in  potassium  nitrate — 

No  yeUow  color  should  appear  when  0.1  Gm.  of  the  dry  salt  is  sprinkled  upoa 
1  mil  of  pure  concentrated  sulphuric  acid  (absence  of  chlorate  and  perchlarate). 

Perchlorates. — Sought  as  impurity  in  potassium  nitrate.  See  test 
just  given. 

Free  bromine  liherales  iodine  from  potassium  iodide. — (See  chlorine 
test  for  diluted  hydrochloric  acid,  in  U.S.P.,  p.  14). 

Hydrobromic  acid  and  bromides  give,  with  stiver  nitrate  T.S.j  a  yeUouh 
ish'White  precipitate  insoluble  in  diluted  nitric  cu^d,  but  soluble  in  ammonia 
water.     This  precipitate  is  silver  bromide  (AgBr). 

The  following  official  chemicals  are  tested  by  this  process  with  more 
or  less  modification  as  will  be  seen  on  consulting  the  pharmaoopo^. 

Pbesent  as  Ingredients: 

Diluted  Hydrobromic  Acid.  Ammonium  Bromide. 

Potassium  Bromide,  Calcium  Bromide, 

Sodium  Bromide,  Hyoscyamine  Hydrobromide, 

Lithium  Bromide.  Quinine  Hydrobromide. 

Bromides  sought  as  impurity  in — 

Sodium  Chloride.  Strontium  Iodide  (see  U.S.P.). 

Bromic  acid  and  bromates  liberate  bromine  {which  colors  chloroform 
brown  yeUow)  when  treated  tjvith  strong  adds  or  other  chemicals.  The 
following  official  chemicals  are  tested  this  way: 

Nitric  Add.  Ammonium  Bromide, 

Potassium  Bromide,  Calcium  Bromide, 

Sodium  Bromide.  Strontium  Bromide  (see  U.S.P.). 
lAihium  Bromide, 

Free  iodine  gives  deep  blue  color  to  starch  mucilage,  which  cobr  is 
discharged  on  addition  of  sodium  ihiosulphate  solution.    It  also  transmits 
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to  chloroform  a  violet  color.     The  following  official  chemicals  are  tested 
this  way. 

Present  as  Ingbedibnt: 

Iodine. — 
Sought  as  impurity  in — 

Diluted  Hydrobramic  Add,  Sodium  Iodide; 

DUuted  Hydricdxc  Add.  Ammonium  Iodide. 

Nitric  Add.  Thymol  Iodide. 

Hydriodic  Acid  and  Iodides,— CUonne  water  liberaiea  free  iodine 
which  gives  violet  color  to  chloroform.  Silver  nitrate  gives  yellow  precipitate, 
insolitble  in  ammonia  water  as  weU  as  in  hydrochloric  add.  This  predpi' 
late  is  silver  iodide  (Agl). 

The  following  official  chemicals  are  tested  in  this  way: 

Present  as  Ingredients  : 

DUuied  Hydriodic  Add.  Ammonium  Iodide. 

Po(as8ium  Iodide.  Strontium  Iodide. 

Sodium  Iodide. 

Sought  as  impurity  in — 

Diluted  Hydrochloric  Add.  Ldihium  Bromide. 

Potassium  Bromide.  Ammonium  Bromide. 

Sodium  Bromide.  Caldum  Bromide. 

Sodium  Chloride.  Strontium  Bromide. 

Iodic  Acid  and  lodates, — Iodine  is  liberated  by  action  of  acids  and 
oAer  chemicalSy  transmitting  a  yeUowish-brown  color  to  soluUion.    The 
following  official  chemicals  are  tested  this  way  and  for  details  the  reader 
is  referred  to  the  pharmacopoeia.. 
Sought  as  impurity  in — 

Nitric  Add.  Sodium  Iodide. 

Potassium  Iodide. 

Hydrofluoric  acid  and  fluorides  give  off  vapors  which  etch  glass. 
(Fluorides  must  be  warmed  with  sulphuric  acid.) 

Solution  of  Hydrogen  Dioxide. — The  solution  is  made  alkaline  with  sodium 
hydroxide  solution,  is  evaporated  to  dryness  and  is  transferred  to  a  platinum  crucible. 
The  residue  treated  with  sulphuric  acid  does  not  etch  a  watch  glMS  used  as  a  cover 
for  the  crucible.    For  details  see  U.S.P.,  p.  246. 

Sulphides. — When  treated  with  a  diliUed  add  give  off  hydrogen  suL- 
phide  gaSy  characterized  by  its  bcui  smell  and  its  ability  to  blacken  paper 
moistened  with  lead  acetate  T.S.  See  Sulphurated  Potassa  and  Crude 
Calcium  Sulphide. 

Sulphurous  add  and  sulphites  when  heated  (the  sulphites  when 
treated  vnth  a  diluted  acid)  give  off  sulphur  dioxide  gas,  characterized  by  its 
suffocating  odor  and  its  ability  to  blacken  paper  moistened  with  mercurous 
nitratCf  T.S.  When  treated  with  zinc  and  hydrochloric  acid,  they  evolve 
hydrogen  sulphide  gas. 

The  following  official  chemicals  are  tested  this  way: 

Prbbbnt  as  Ingreidibnt: 
Exsiccated  Sodium  Sulphite. 

Sought  as  impurity  in — 

Hydrochloric  Acid  (strong  and  diluted)       Sodium  Salicylate. 

Sulphuric  Acid  (strong  and  diluted).  Sodium  ThiosulphaU  (See  U.aP.). 
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Sulphuric  Acid  and  Sulphates. — Barium  chloride  T.S.  gives  a  white 
predpitatey  insoluble  in  hydrochloric  acid.  This  precipitate  is  barium 
sulphate  (BaS04).  The  following  official  chemicals  are  tested  with  more 
or  less  modifications,  this  way.     (See  U.S.P.) 


Present  as  Ingredxbntb: 

Sidphturic  Acid.  (See  U.S.P.,  p.  24.) 

Sodium  Svlphate. 

Magnesium  Stdphate, 

Zinc  Sulphate, 

Alum, 

Ferrous  Sul^^uUe, 

Solution  of  Ferric  Sulphate, 

Solution  of  Ferric  Subaulphaie, 

Copper  Stdphate, 

Sought  as  impurity  in — 

IHluied  Hydrochloric  Acid, 

Phosphoric  Acid. 

Diluted  Hydrobromic  Add, 

Diluted  Hydriodic  Add. 

Nitric  Acid, 

Sodium  Cacodylate, 

Sodium  Bromide, 

Sodium  Iodide, 

Lithium  Bromide. 

Ammonium  Bromide. 

Ammonium  Carbonate, 

Solution  of  Magnedum  Citrate. 

Caldum  Bromide, 

Caldum  Glycerophosphate. 

Zinc  Chloride, 

Zinc  Phenolstdphonate. 

Zinc  Valerate. 

Aluminum  Hydroxide, 


Spartdne  Sulvhate, 
Quinine  BisulphtOe, 
Quinine  SulphcUe. 
Cinchonidine  Sulphate. 
Strychnine  Sulphate, 
Morphine  Sulphate, 
Coddne  Svlphate, 
Cinchonine  Sulphate. 


Chromium  Trioxide. 
Uranium  Nitrate, 
Saccharated  Ferrous  CarbonaU. 
Bismuth  Subcarbonate. 
Bismuth  and  Ammonium  Citrate. 
Bismuth  SubgcMale, 
Bismuth  Subsalicylate. 
Lactic  Add. 
Glycerin, 
Tartaric  Add. 
Citric  Add. 
Hexamethylenamine. 
Phenyl  Saliculate. 
Quinine  Hydrochloride 
Quinine  Salicylate, 
Chiinine  Tannats, 
Uoddne     Phosphate. 
U.S.P.) 


(For     detaik,    tee 


Thiosulphates,  on  treaiment  unth  a  strong  add,  liberate  sulphur  dioxide, 
while  sulphur  precipitates  from  the  solution.  Other  tests,  see  below. 
The  following  official  chemicals  are  tested  this  way: 

Present  as  Ingredient: 

Sodium  Thiosulphate  See  U.S.P.  p.  400 


Ammonium  Carbonate. 
(For  details  see  U.S.P.) 


Sought  as  Impurity  in — 

Potasdum  Iodide, 
Sodium  Iodide. 
Sodium  Sidphite. 

Nitrous  acid  and  nitrites  liberate  iodine  from  potassium  iodide  with 
evolution  of  NtOi  gas;  decolorize  potassium  permanganaie  when  in  acid 
soltUion,  and  are  reduced  to  ammonia  when  treated  with  a  metal  and  an 
add.    The  following  official  chemicals  are  tested  this  way: 

Sodium  Nitrite — Treat  a  10  per  cent,  solution  with  potassium  iodide  and  with 
hydrochloric  acid;  iodine  is  liberated  and  nitrogen  dioxide  gas  escapes. 

Sought  as  impurity  in — 

Sulphuric  Acid. 
Diluted  Sulphuric  Add. 

Nitric  Acid  and  Nitrates. — The  free  add  discharges  the  color  of  indigo 
solution.  The  add  or  a  nitrate,  plus  sulphuric  add,  converts  green  ferrous 
sulphate  to  red-brown  ferric  sulphate,    li  only  a  small  quantity  is  used 


Sodium  Iodide. 

(For  details  see  U.S.P.) 
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^  For  details  see  U.S. P. 


Solution  of  Ferric  Tersidphate. 
Bed  Mercuric  Oxide. 
Biemuih  and  Ammonium  CUraU 
Biemuth  Subcarbonale. 
Bismuth  Svbgollaie, 
Bismuth  StU>salicylcUe. 
(For  details  see  U.S.P.) 


and  the  solutions  "layered"  (see  below),  a  black-brown  ring  is  shown  at 
point  of  contact  of  the  two  liquids.  Other  tests  given  below.  The 
following  official  chemicals  are  tested  this  way: 

Present  as  Ingredients  : 

Nitric  Add. 
Potassium  Nitrate 
Siiver  NUrate. 
•»    Fused  Stiver  Nitrate 
Pilocarpine  Nitrate 
Stri^hnine  Nitrate 

Sought  as  imptuity  in — 

Diluted  Phosphoric  Add. 
Sulphuric  Add. 
Trichloracetic  Add. 
Sodium  Iodide. 
Ferric  Chloride. 
Solution  of  Ferric  Chloride. 
Tincture  if  Ferric  Chloride, 
Solution  of  Ferric  Subsulphate. 

Boric  Acid  gives  the  alcohol  fiflme  a  green  tinge. 

Borates  give  similar  flame  when  treated  with  a  few  drops  of  concentrated 
siUphuric  acid  and  a  little  alcohol  and  then  ignited.  The  following  official 
chemicals  are  tested  in  this  way: 

Present  as  Ingredients: 

Boric  Add. — Alcoholic  or  glycerinic  solution  bums  with  a  flame  enveloped  with  a 
green-colored  mantle. 

An  aqueous  solution  of  Boric  Acid  (I  in  50)  colors  blue  litmus-paper  red,  and 
yellow  turmeric  paper  brownish-red  after  drying,  even  when  the  solution  has  been 
acidulated  with  hydrochloric  acid;  this  brownish-red  color  is  changed  to  bluish- 
black  by  ammonia  water. 

Sodium  Borate. — Borax  bead  dipped  into  glycerin  and  put  into  a  non-luminous 
flame,  colors  it  bright-green. 

Hypophosphites  act  a^  reducing  agents;  that  is,  when  in  add  solution 
or  when  heated  with  solutions  of  salts  of  silver,  copper,  and  mercury,  the 
metal  is  eventually  precipitated.  On  heating,  hypophosphites  yield  the 
spontaneous  combustible  gas,  phosphine  (PHg).  (See  p.  421.)  The 
following  official  chemicals  are  tested  in  this  way: 

Hypophosphorous  Add.  Sodium  Hypophosphite. 

Caldum  Hypophosphite. 


(For  details  see  U.S.P.) 


Diluted  Hypophosvhorous  Add. 
Potasdum  Hypophosphite. 

Sought  as  impurity  in — 

DU^IdPhJtXnc  Add    } ^*""^  ^  ^^  ^^^  phosphorous  acid. 

Phosphorous  Acid. — Reduce  solution  of  silver  nitrate  and  mercuric 
chloride  as  do  hypophosphites.  It  also  gives  a  white  precipitate  with  barium 
chloride  T.S. 


Sought  as  impurity  in — 

Phosphoric  Add  \ 

DiltUed  Phosphoric  Add  } 


Warm  and  add  a  few  drops  of  silver  nitrate. 
No  turbidity  occurs,  if  solution  is  properly 
diluted.     (See  U.S.P.,  p.  22). 

Phosphoric  acid   and  phosphates    give  white,  crystalline  precipitate 
urith  magnesium  mixture,^  a  yellow  precipitate,  soluble  in  ammonia  and 

^MagneMta  Mixtw  T.S. — DiMolve  5.5  Qm.  magnestum  chloride  and  7  Qm.  ammonium  chloride  in 
65  mils  distilled  water;  add  35  mils  ammonia  water,  U.S.P.;  set  aside  a  few  days  in  a  well-stoppered 
)1  and  then  filter. 

55 


866  PRINCIPLES   OF   PHARMACY 

nitric  acid  with  silver  nitrate  T.S.,  a  yellow  precipitate  on  warming  with 
ammonium  molybdaie  T.S.  The  acid  differs  from  metaphosphoric  acid 
in  coagulating  albumin;  from  hypophosphorous  acid  in  giving  a  yellow 
precipitate  with  silver  nitrate.  The  following  official  chemicaJs  are 
tested  in  this  way: 

Prbbbnt  as  Ingrbdients: 

Phosphoric  Acid.    (See  U.S.P.,  p.  21.) 

DUtUed  Phosphoric  Acid. 

Sodium  Phosphate. 

Solvhle  Ferric  Phosphate. 

Codeine  Phosphate. 

(For  details  see  U.S.P.) 

Sought  as  impurity  in — 

Sodium  GlycerovhosvhaU. 
Sodium  Hypophosphite. 
PoUissium  Hypophosphite. 
Calcium  Glycerophosphate. 
Lactic  Acid. 
(For  details,  see  U.S.P.) 

Metaphosphoric  Acid. — (See  p.  405.) 
Sought  as  impurity  in — 

Diluted  Phosphoric  Add.     (See  test  for  pyrophosphoric  acid.) 
Phosphoric  Add. 
Ferric  Phosphate. 

Pyrophosphoric  Add  and  Pyrophosphates  give  a  white  precipitate 
with  silver  nitrate.    They  also  usually  precipitate  ferric  salts. 
Sought  as  impurity  in — 

DU^dPh^Xric  Add  }  Sl^o^^i  ^^*  *ff^^  '^^"^  ^^  ^^^^  ^^*^"^^- 
Ferric  Phosphate. — A  10  per  cent,  solution  is  deprived  of  its  iron  by  addition  of 
potassium  hydroxide  T.S.    The  filtrate  is  treated  with  magnesium  mixture  and  the 
precipitated  phosphate  does  not  turn  yellow  when  treated  with  silver  nitrate  T.S. 
For  details  see  U.S.P.,  p.  100. 

Carbonic  acid  and  carbonates  effervesce  on  addition  of  a  diluted  acid. 
They  give  white  precipitates  with  lime  water.  The  following  official 
chemicals  are  tested  in  this  way: 

Present  as  Ingredients: 

Monohydrated  Sodium  Carbonate.  Bismuth  Subcarbonate, 

Sodium  Bicarbonate.  Potassium  Carbonate. 

Magnesium  Carbonate.  Potassium  Bicarbonate 

Prepared  Chalk.  Lithium  Carbonate. 

Predpitated  Caldum  Carbonate. 
PredpUated  Zinc  Carbonate. 
(For  details  see  U.S.P.) 

Sought  as  impurity  in — 

Potassium  Bicarbonate. — Treated  with  the  proper  amount  of  tenth-nonnal  hydro- 
ohloric  acid;  phenolphthalein  being  used  as  indicator;  pink  color  does  not  immediately 
occur.     For  details  see  U.S.P.,  p.  332.     Similar  tests  are  given  for: 

Sodium  Bicarbonate.  Caldum  Oxide. 

Sodium  Borate.  Cerium  Oxalate. 

Sodium  Phosphate.  Lead  Acetate, 

Solution  of  Sodium  Hydroxide.  Lead  Oxide, 
Magnedum  Oxide. 
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Silicates. — Solvble  silicates  {those  of  the  alkdline  metals),  when  treated 
with  sulphuric  add,  give  a  gelatinous  precipitate  of  silicic  acid,  Si(OH)^ 
Soluble  silicates  can  be  precipitated  from  aqueous  solution  by  addition 
of  alcohol. 

Permanganates  ^ve  rose-colored  aqueous  solution  and  the  color  is  discharged 
on  addition  of  an  oxidisable  substances. 

Prbsbnt  as  Ingrbdibnt: 

PotaaHum  Permanganate, — See  p.  369. 

ORGANIC  ACIDS 

Acetic  acid  and  acetates,  when  warmed  with  alcohol  and  sulphuric 
add,  give  off  odor  of  acetic  ether,  NetUral  acetates  give  deep  red  color  with 
ferric  chloride.    The  following  official  chemicals  are  thus  treated: 

Presbnt  as  Ingbbdibmt: 

AceHc  Acid.  Zinc  Acetate, 

Potassium  Acetate,  Lead  Acetate. 

Sodium  Acetate.  (For  details  see  U.S. P.). 

Sought  as  impurity  in — 

Oxalic  add  and  oxalates  give  white  predpitate  of  cdldum  oxalate  on 
trecUment  with  the  solution  of  a  caldum  salt.  They  also  give  a  white  pre- 
cipitate with  harium  chloride,  solvble  in  nitric  add. 

Pkbsbnt  as  Ingrbdibnt: 
Cerium  Oxalate. 

Sought  as  impurity  in — 

Diluted  Hypophosfhorous  Acid.  Olycerin. 

Solution  of  Hydrogen  Dioxide.  Lactic  Acid. 

Tartaric  Acid.  (For  details  see  U.S.P.). 

Btttyrates  give  a  blue-green  predpitate  with  copper  acetate  solution. 
The  following  official  chemical  is  thus  tested: 
Sought  as  impurity  in — 

Zinc  Valerate. — Concentrated  aqueous  solution  forms  with  a  concentrated  aque- 
ous solution  of  copper  acetate  a  perfectly  clear  fluid.    For  details  see  U.S.P.,  p.  495. 

Lactates  give  the  odor  of  acetaldehyde  when  heated  with  unaddulated 
solution  of  potasdum  permanganate. 

Pbbsbnt  as  Ingrbdibnt: 

Calcium  LactaU.—See  U.S.P.,  p.  94. 

Valerates. — Aqueous  solutions  of  valerates  when  treated  with  sulphuric 
acid  liberate  as  an  oily  layer  free  valeric  add,  which  is  identified  by  its 
characteristic  odor.    The  following  official  chemicals  are  thus  tested: 

Ammonium  Valerate.  Zinc  Valerate. 

Tartaric  acid  and  tartrates  gives  white,  crystalliT^  predpitate  of  cream 
of  tartar  with  addition  of  the  proper  quantity  of  potasdum  salt.  When 
gently  warmed  with  an  ammoniacaJ  solution  of  silver  nitrate,  the  latter 
is  reduced,  and  a  silver  mirror  forms.  The  following  official  chemicals 
are  thus  tested: 
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'  For  details  see  U.S. P. 


Pbeusbmt  as  Inorbdibnts: 

Tartaric  Add. 
Potaanum  BitarircUe 
Potaasium  and  Sodium  Tartrate , 

Sought  as  impurity  in — 

Potasnum  Citrate.  Iron  and  Qmnine  Citrate. 

Solution  of  Magnesium  CUrate.  LacHc  Acid. 

Iron  and  Ammonium  Citrate.  (For  details  see  U.S.P.). 

Citric  acid  and  dtrateSi  when  boiled  vnth  calcium  solrdions  deposU 
white  granular  precipitate  of  calcium  citrate.  The  following  official 
chemicals  are  thus  tested: 

Pbbbbnt  as  Ingrbdibntb: 

Citric  Acid.  Iron  and  Ammonium  Citrate. 

Potaseium  Citrate.  Iron  and  Quinine  Citrate. 

Sodium  Citrate,  Biemuih  and  Ammonium  Citrate, 

LUhium  CitraU.  (For  details  see  U.S.P.)- 

Sought  as  impurity  in — 

Lactic  Acid. — No  turbidity  in  heating  with  excess  of  lime  water.  For  details 
see  U.S. P.,  p.  17. 

Cyanides  give  a  white  precipitate  with  silver  nitrate  T.S.,  soluble  in 
excess  of  cyanide  solution.  When  treated  with  ferrous  and  ferric  salts^ 
alkaU,  and  then  an  excess  of  acid,  a  blue  color  (ferric  ferrocyanide)  is 
produced.     The  following  official  chemicals  are  tested  for  cyanides: 

Sodium  Cyanide. — A  5^  per  cent,  solution  gives  with  silver  nitrate  T.S.,  a  whita 
precipitate  that  is  soluble  in  the  cyanide  solution  and  in  ammonia  water.  For 
details  see  U.S.P.,  p.  388. 

Sought  as  impurity  in — 

Potassium  Iodide.  Strontium  Iodide. 

Sodium  Iodide.  (For  details  see  U.S.P.). 

Ferrocyanides  give  deep  blue  precipitate  with  ferric  salts.    The  follow- 
ing official  chemicals  are  thus  tested: 
Sought  as  impurity  in — 

Sodium  Cyanide. — Aqueous  solution   (1  ;  10)  acidulated  with  hydrochloric  acid 
should  not  give  blue  color  on  addition  of  a  drop  of  ferric  chloride  T.S. 
Sodium  Indigotindisulpfumale.^-Qee  below. 

Ferricyanides  give  deep  blue  precipitate  with  ferrous  salts.    The  special 
test  below  employed  by  the  pharmacopoeia. 
Sought  as  impurity  in — 

Sodium  Indigotindisulphonate. — Shake  the  salt  with  solution  of  hydrogen  dioxide 
and  with  solution  of  sodium  hydroxide  until  the  blue  color  disappears,  ^jpon  con- 
centration and  acidulation  no  blue  color  is  produced  by  ferrous  sulphate  T.S.  For 
details  see  U.S.P.,  p.  392. 

Sodium  Cyanide. — A  10  per  cent,  solution  treated  with  1  drop  of  ferric  chloride 
T.S.  and  then  with  diluted  hydrochloric  acid  does  not  give  a  blue  color.  For  details 
see  U.S.  P.,  p.  389 

Sulphocyanates  give  intense  red  color  vnth  ferric  salts.    The  following 
official  chemicals  are  thus  tested: 
Sought  as  impurity  in — 

Sodium  Cyanide. — Treated  as  mentioned  under  ferrocyanides,  no  red  0(^r  m 
produced.    See  U.S. P.,  p.  389. 

Ammonium  Cyanide. — ^Like  the  sodium  cyanide  test  just  given. 
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Benzoates  give  flesh-colored  precipitates  with  ferric  salts.     The  follow- 
ing official  chemicals  are  thus  tested: 

Prbsbnt  as  Inorbdisnts: 

Benzoic  Add.  Ammonium  BeneoaU, 

Sodium  BenxoaU,  (For  details  see  U.S.P.). 

Sought  as  impurity  h 


Sodium  Bemosulpkinide. — A  5  per  cent,  aqueous  solution  after  addulation  with 
acetic  acid  gives  no  pinkish  precipitate  with  ferric  chloride  T.S.  For  details  see  U.S. P., 
p.  386. 

Bemoaulpkinide, — Test  like  the  one  just  given. 

Salicylates  give  violet  color,  or  precipitate  with  ferric  salts.  When 
warmed  with  concentrated  sulphuric  add  and  methyl  alcoholf  it  gives  Oie 
odor  of  methyl  salicyUUe  {oil  of  wintergreen).  The  following  official 
chemicals  are  thus  tested: 

Prbsent  as  Ingbedients: 

Salicylic  Acid.  Bismuth  Subudicylate. 

Sodium  Salicylate.  Quinine  SaUcylaU. 

Ammonium  Salicylate.  (For  details  see  U.S. P.). 
Strontium  Salicylate. 

Sought  as  in^urity  i 


Sodium  hemoeulphinide  \  When  treated  as  given  in  the  bensoate  test  (see  above) 
Bemosidphinide,  /  no  voiiet  precipitate  is  produced. 

Free  ecdicylic  acid  is  sougmt  as  impurity  in — 
Bismuth  Subsalicylate,— When  the  salt  is  shaken  with  chloroform  and  the  chloro- 

formic  filtrate  is  evaporated,  not  more  than  0.5  per  cent,  of  residue  remains.     For 

details  see  U.S.P.,  p.  83. 

Phenolsulphonates  give  pale  violet  color  with  ferric  salts.  Heated 
strongly,  they  char  and  give  odor  of  phenol  and  the  residue  gives  the  barium 
chloride  reaction  for  siUpfiaies.  The  following  official  chemicals  are  thus 
tested: 

Pbbsbnt  as  Ingbbdibnts: 

Sodium  Phenolsulvhonate, — ^A  1  per  cent,  solution  becomes  pale-violet  when 
treated  with  ferric  chloride  T.S.  No  precipitate  is  given  with  barium  chloride  TS. 
wit^  the  solution,  but  the  ignited  residue  responds  to  the  test.  For  details  see  U.S.P., 
p.  395. 

Gallic  acid  and  gallates  give,  with  ferric  chloride  T.S.,  a  blue^lack 
color .    The  following  official  chemicals  are  thus  tested: 

Pbbsbnt  as  Ingredibnts: 

OaUic  Add. 
Bismuth  SubgaUaie. 

Sought  as  impurity  in — 

Free  GaUic  Acid. 
Bismuth  SubgaUaie. 

Tannic  acid  and  tannates  give,  with  ferric  chloride  T.S.y  a  blue^lack 
precipitate.  The  acid  differs  from  gallic  acid  yielding  precipitates  with 
solutions  of  alkaloids,  glucosides,  gelatin,  albumin,  and  starch.  The 
following  official  chemicals  are  thus  tested: 

Present  as  Ingredients. 
Tannic  Acid. 

Sought  as  impurity  in — 

OaUie  Acid. 
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Potassium  and  its  salts  give  a  violet  tint  to  a  colorless  flame.  When 
the  proper  quantity  of  tartaric  add  or  sodium  bitdrtrate  is  addedy  a  white 
crystalline  precipitate  {cream  of  tartar)  resuUs.  When  treated  with  platinic 
ddoride  T.S.,  a  yellow ,  crystalline  precipitate  of  potaseio^latinic  chloride 
is  formed.  When  treaJted  with  sodio-ccbaUic  nitrite  solution^  a  yellow  pre- 
cipitate falls.  Tlie  following  official  chemicals  are  tested  by  one  or  more 
of  these  tests  as  reference  to  the  monograph  in  the  pharmacopoeia  will 
show. 


Potaanum  and  Sodium  Tartrate, 
Potassium  Hydroxide. 
Potcusium  HypophosTpikiie. 
Potassium  Iodide, 
Potassium  Nitrate. 
Potassium  Permanganate. 


Prbsent  as  Inoredibnts: 

Potassium  Acetate. 

Potassium  Bicarbonate. 

Potassium  Bitarirate. 

Potassium  Bromide. 

Potassium  Chlorate. 

Potassium  Citrate. 

Alum. 

Antimony  and  Potassium  Tartrate. 

Sought  as  impurity  in — 

SZf:^}  For  details  see  U.8.P. 

Sodium  and  its  salts  give  a  brilliant  yellow  tint  to  a  colorless  Jlame. 
The  following  official  chemicals  are  thus  tested: 


Present  as 

Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 


Ingredients: 

Hydroxide. 

Acetate. 

Arsenatej  Exsiccated. 

Bemoate. 

Bicarbonate. 

Borate. 

Bromide. 

Carbonate^  Monohydrated. 

Chloride. 

Citrate. 

Cyanide. 


Sodium  Hypophasphite. 

Sodium  Iodide. 

Sodium  Nitrite. 

Sodium  Phenctsulphonate. 

Sodium  Phosphate. 

Sodium  Salicvlate. 

Sodium  Sulphate, 

Sodium  Sulphite. 

Sodium  Thiosulphate. 

Sodium  and  Potassium  Tartrate. 

Gold  and  Sodium  Chloride. 


Lithium  and  its  salts  give  crimson  color  to  a  non4uminous  flame. 
The  following  official  chemicals  are  thus  tested: 


Present  as  Ingredients: 

Lithium  Berusoate. 
Lithium  Bromide. 


Lithium  CarboruUe. 
Lithium  Citrate. 


Ammonium  salts,  when  heated  with  other  alkalies^  give  off  ammonia  gas. 
The  following  official  chemicals  are  thus  tested: 


Present  as  Ingredients: 

Ammonium  Bemoate. 
Ammonium  Bromide. 
Ammonium  Chloride. 
Ammonium  Iodide. 
Ammonium  Salicylate. 
Ammonium  Valerate. 
Solution  of  Ammonium  Acetate. 

Sought  as  impurity  in — 

Potassium  Bitarirate. 
Potassium  and  Sodium  Tartrate. 
Solution  of  Zinc  Chloride. 


Solution  of  Iron  and  Ammonium  Acetate. 

Alum. 

Iron  and  Ammonium  Citrate. 

Iran  and  Quinine  Citrate. 

Bismuth  and  Ammonium  Citrate. 

Ammoniated  Mercury. 


Ferric  Phosphate. 

Hexamethylenamine. 

Bemosidjminide. 
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Magnesium  salts  give,  rmih  sodium  phosphate,  in  the  presence  of 
ammonium  chloride  and  ammonia  water,  a  white,  crystalline  precipitate. 
The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Magnesium  Oxide.  Magnesium  Svlphale. 

Magnesium  Carhonaie.  (For  detaib  see  U.S. P.). 

Sought  as  impurity  in — 

Sodium  Chloride.^aee  U.S.  P. 

Calcium  compounds  give,  with  ammonium  oxalate,  a  white  precipitate, 
insoluble  in  acetic  a^yid,  biU  soluble  in  hydrochloric  add.  The  following 
officials  are  thus  tested: 

Present  as  Ingredients: 

Calcium  Oxide. — See  p.  467.  Calcium  Chloride. 

Chlorinated  lAme.  Calcium  Hypophoaphite. 

Calcium  Bromide.  Calcium  Lactate. 

Calcium  Carbonate,  Precipitated,  (For  details  see  U.S.P.) 
Prepared  Chalk. 

Sought  as  impurity  in — 

Magnesium  Oxide. 
Sodium  Chloride.  Magnesium  Carbonate. 

Sodium  Phosphate.  ScluOon  of  Magnesium  Citrate. 

Sodium  Thiosulphate.  (For  details  see  U.S. P.) 

Strontium  compounds  give  a  crimson  Jiflme.  Diluted  sulphuric  acid 
and  solutions  of  sulphates  give  a  white  precipitate  of  strontium  sulphate, 
which  is  soluble  in  strong  acids.  The  following  official  chemicals  are 
thus  tested: 


Present  as  Ingredients: 

Strontium  Bromide    1 

Strontium  Iodide       \   For -details  see  U.S.P. 

Strontium  Salicylate  j 

Barium  salts  give  a  green  jUime.  With  potassium  dichromate  T.S. 
they  give  a  yellow  precipitate  of  barium  chromate.  With  sulphuric  add 
they  give  a  white  predpitate  of  barium  sulphate,  insoluble  in  boiling  nitric 
acid.     The  following  official  chemicals  are  thus  tested: 

Sought  as  impurity  in — 

Solution  of  Hydrogen  Dioxide. — The  addition  of  diluted  sulphuric  acid  to  the  solution 
should  produce  no  turbidity  or  precipitate  within  ten  minutes.  For  details  see 
U.S.P.,  p.  247. 

Diluted  Hydrobromic  Acid.  Ammonium  Chloride. 

Diluted  Hydriodic  Add.  Ammonium  Iodide. 

Hypophoephorous  Acid.  Calcium  Bromide. 

PoUtssium  Bromide.  Strontium  Bromide. 

Potassium  Iodide.  Strontium  Iodide. 

Sodium  Bromide.  Strontium  Salicylate. 

Sodium  Iodide.  Quinine  Hydrochloride. 
Ammonium  Bromide. 
Are  tested  similarly.     (See  U.S.?.). 

Alkaline  earths  are  sought  in  uranium  nitrate  by  the  following  test:  A  5  per 
cent,  aqueous  solution  remains  clear  after  adding  ammonium  carbonate  T.S.  For 
details  see  U.S.?.,  p.  483. 

Zinc  salts  give,  with  hydrogen  sulphide  T.S.  or  with  ammonium  sul- 
phide  T.S.,  a  white  precipitate  of  zinc  sulphide;  vrith  potassium  ferro- 
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q/anide  T,S.t  a  white,  gelatituma  precipitate  of  zinc  ferrocyanide.  Heated 
vnth  blovh^pe  with  cobaltoTis  nitrate  T.S.  it  turns  a  vivid  green.  The 
following  official  chemicals  are  thus  tested: 

Present  as  Inobedients: 

Zinc— See  p.  480.  Zinc  Oxide. 

Zinc  Acetate,  Zinc  PhenoUtdpkonate. 

Precipitated  Zinc  Carbonate,  Zinc  Stdphate. 

Zinc  Chloride.  (See  U.S.P.). 

Sought  as  impurity  in — 

Cerium  Oxalate,  Methylthionine  Hydrochloride. 

Uranium  NitraU,  (See  U.S.P.). 

Manganese  preparationSi  fused  with  alkaline  hydroxides  or  carbonates 
and  an  oxidizing  agent  (poUissium  nitrate  or  chlorate),  give  a  green  mass 
{alkaline  mangaruite),  and  this,  when  boiled  with  water,  gives  a  purple 
solution  (of  alkaline  permanganate).  Solutions  of  manganous  salts  give, 
vnth  ammonium  sulphide  T.S.,  a  flesh-colored  precipitate  qf  manganese 
sulphide.    The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

PrecipitaUd  Manganese  Dioxide.— See  U.S.P.,  p.  266. 

Sought  as  Impurity  in — 

Uranium  NUraie,^8ee  U.S.P. 

Aluminum  salts  give,  vnth  ammonia  water ,  a  white,  gelatinous  predpi^ 
tate  of  aluminum  hydroxide,  insoluble  in  excess  of  ammonia  water;  with 
potassa  or  soda  they  give  the  same  precipitate,  but  it  is  soluble  in  excess  of 
potassa  or  soda.    The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 
Alum, — See  p.  490. 

Sought  as  impurity  in — 

PoUusium  BitartraU.  Lithium  Carbonate. 

Sodium  Phosphate,  Cerium  Oxalate. 

(See  U.S.P.). 

Chromic  acid  salts,  when  warmed  with  sulphunc  acid  and  alcohol, 
change  to  a  green  liquid  which  has  the  odor  of  aldehyde.  This  test  is  not 
employed  in  the  case  of  the  only  official  chromium  compound,  chromium 
trioxide,    (See  p.  598,) 

Uranium  salts  give  a  yellow  precipitate  with  alkalies,  a  dark  brown  pre- 
dpitate  with  ammonium  sulphide  and  a  yellow  precipitate  with  sodium  phos- 
phate.   The  following  official  salt  is  thus  tested: 

Uranium  Nitrate 
Uranous  compounds  are  tested  for  (in  uranium  nitrate)  as  follows: 

Uranium  NvtraXe.-^A.  5  per  cent,  aqueous  solution,  acidulated  with  sulphuric 
acid  does  not  decolorize  a  definite  volume  of  permanganate  V.S.  For  details  see 
U.S.  P.,  p.  483. 

Ferrous  salts  give,  with  potassium  ferricyanide,  a  blue  color  or  pre* 
dpitate.    The  following  official  salts  are  thus  tested: 

Present  as  Inorbdibnts: 

Ferrous  Sulphate.  Saccharated  Ferrous  Carbonate. 

(See  U.S.P.). 
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Sought  as  m^^urity  in — 

Ferric  Chloride. 

Solution  of  Ferric  Chloride, 


SoliUion  of  Ferric  Stdpfiate. 
SoltUion  of  Ferric  Subsidphate. 
(See  U.S.P.). 


Ferric  salts  (or  iron)  give  a  redrbrown  predpiUUe  of  ferric  hydroxide 
with  ammonia  or  soda  or  potassa.  With  potassium  ferrocyanide  they  give 
a  deep  blt^  color  or  precipitate,  and  with  potassium  sulphocyanaie,  a  bloodr 
red  color.    The  following  official  chemicals  are  thus  tested : 

Present  as  Ingredients: 

Ferric  Chloride, 
Sohdion  of  Ferric  Chloride, 
Tindwre  of  Ferric  Chloride. 
Solution  of  Ferric  Svlphaie. 
SoltUion  c(f  Ferric  SvlmilphaU 

Sought  as  impurity  in — 

Ammonium  Bromide. 
Lithium  Carbonate. 
Magnesium  Oxide. 
Magnesium  Carbonate. 
Calcium  Bromide. 
Alum. 


Iron  and  Ammonium  Citrate. 
Iron  and  Quinine  Citrate. 
Solvble  Ferric  Phosphate. 
(See  U.S.P.). 


Uranium  Nitrate. 

ArUimony  and  Potassium  Tartrate. 

Exsiccated  Sodium  Arsenate. 

Lead  Acetate. 

(See  U.S.P.). 


and  its  compounds  give,  with  hydrogen  sulphide,  a  bright  yellow 
precipitate  of  arsenic  sulphide,  which  is  soluble  in  ammonium  carbonate 
T.S,  and  in  ammonium  sulphide  T,S.  With  ammoniacal  solution  of  cop- 
per sulphate^  they  give  a  green  precipitate,  while  acid  solutions  dropped  on 
a  sheet  of  metallic  copper  coats  the  metal  with  a  gray  film  of  metallic 
arsenic.  See  also  Marsh's  Test  (p.  522),  Bettendorf's  Test  (p.  523  and 
below),  and  Gutzeit's  Test  (p.  523  and  below).  The  following  official 
chemiciEds  are  thus  tested: 

Pbssent  as  Inobbdients: 

Arsenic  Trioxide. — A  1  per  cent,  solution  is  made  yellow  by  addition  of  hydrogen 
sulphide  T.S.  Upon  acidulation  with  hydrochloric  acid,  there  precipitates  lemon- 
yellow  arsenic  trisulphide,  which  is  completely  soluble  in  ammomum  carbonate  T.S. 
For  details  see  U.S.P.,  p.  65. 

Sodium  Arsenate. — A  5  per  cent,  solution  gives  a  white  precipitate  with  barium 
chloride  and  a  dark  red  one  with  silver  nitrate.  A  test  is  also  ^iven  for  the  presence 
of  arsenitej  based  upon  the  fact  that  when  the  silver  arsenate  precipitate  just  described, 
is  dissolvea  in  ammonia  water  and  is  then  boiled,  black  metallic  silver  should  not  be 
precipitated.    For  details  see  U.S. P.,  p.  382. 

Tl&e  Arsenic  Test  in  Official  Chemicals. — All  official  chemicals  in  which  arsenic 
is  to  be  sought  as  impurity  are  tested  by  one  of  two  processes,  the  modified  Qutzeii 
ieet  (called  in  the  present  pharmacopoeia  the  ^^Test  for  arsenic**  and  the  Bettendorf 


The  two  tests  are  given  in  the  pharmacopceia,  with  extreme  minuteness,  since  it 
is  imperative  that  all  m  the  chemicals  and  all  parts  of  the  apparatus  employed  be  free 
from  arsenic. 

The  Test  for  Arsenic — Summarized,  the  pharmacopoeial  monograph  first  explains 

the  apparatus  in  which  the  test  should  be  conducted;  this  consisting  of  a  wide-mouthed 

bottle  of  about  50  mils  capacity  provided  with  a  one-holed  rubber  stopper  through 

mrfaich  passes  a  percolatorHshaped  exit  tube  in  which  can  be  placed  a  pledget  of  gli^ 

-vraol  and  a  roll  of  lead  acetate  test  paper.     This  tube  is  closed  with  a  one^oled  cork 

stopper  throu^  which  passes  a  smaller  tube  in  which  is  inserted  mercuric  bromide 

teat  paper.     Next,  is  described  the  standard  arsenical  test  sohMon,  which  is  a  faintly 

aei<lulated  solution  made  from  arsenic  trioxide,  sodium  hydroxide  sulphuric  acid  and 

vr&ter,  so  prepared  that  1  mil  contains  exactly  Hooo  o^  1  milligramme.     This  solution 

is  used  to  produce  the  standard  stain. 

1  Conic  Ammoniam  Soliihate  Test  Solution. — A  ■olution  of  cupri-tetrammonium  sulphate, 
Ou<  T**lHs)«S04+HtO.  To  copper  sulphate  T.S.  add  ammonia  water,  drop  by  drop,  until  the  preoipl- 
%mt.^  at  first  formed  is  nearly,  but  not  completely  rediaeolved,  then  filter.  This  solution  sho\ild  De 
f retfbly  made  when  required* 
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It  is  next  provided  that  the  chemical  to  be  tested  be  prepared  by  treating  in  aque- 
ous solution  with  a  mixture  of  equal  volumes  of  sulphuric  acid  and  water;  that  this 
fluid  be  treated  with  a  saturated  aqueous  solution  of  sulphurous  acid,  and  that  the 
mixture  be  then  evaporated  on  a  water-bath  until  it  is  free  from  the  odor  of  sulphurous 
acid. 

The  next  step  is  the  preparation  of  standard  stains  by  running  the  test  with  known 
quantities  of  the  standard  arsenical  test  solution  by  generating  hydrogen  in  the  test 
apparatus  from  zinc  and  sulphuric  acid  (stannous  chloride  solution  being  ^Iso  added) 
and  then  generating  arsine  by  introducing  the  arsenical  solution  into  the  flask.  (See 
p.  522.)  This  arsine  produces  on  the  mercuric  bromide  paper  a  yellow  stain  and  that 
m  proportion  to  the  amount  of  arsine  present.  A  blank  test,  using  all  of  the  chemicals 
except  the  arsenical  test  solution  should  be  run  in  the  test  apparatus  and  should  ^ve 
negative  results.  The  chemical  to  be  tested  should  be  handled  as  the  standard  arsoiical 
solution  was  and  should  show  on  the  mercuric  bromide  solution  not  more  thiui  1  part 
of  arsenic  in  100,000. 

Lastly,  the  monograph  points  out  that  sulphites,  sulpMdes,  thiosulphates  and  phos- 
phides interfere  with  tne  reaction  as  does  also  antimony  and  it  directs  that  those 
containing  antimony  must  be  tested  by  the  Bettendorf  method.  For  details  of  the 
test,  which  should  be  read  by  the  student,  see  U.S.P.,  p.  584. 

The  following  ofliicial  chemicals  are  submitted  to  the  test  just  given 
and,  for  details  of  preliminary  manipulation,  the  reader  is  referred  to  the 
appropriate  monograph  in  the  pharmacopoeia: 


Solution  of  Hydrogen  Dioxide, 
Precipitated  Sulphur, 
Boric  Add, 
Hydrochloric  Add, 
Diluted  Hydrobromic  Add. 
Nitric  Acid, 
Sulphuric  Add, 
Phosphoric  Add. 
Hypophosphoroua  Add. 
Potassium  Acetate, 
Potasdum  Citrate. 
Potasdum  Hypophospkite. 
Sodium  Borate. 
Sodium  Citrate. 
Sodium  Hypophosphite, 
Sodium  Phosphate. 


Sodium  Sulphate, 

Sodium  Thiosulphate. 

Magnedum  Sulvhaie, 

Calcium  Hypojmospkite. 

Alum. 

Aluminum  Hydroxide. 

Cerium  Oxalate. 

Reduced  Iron. 

Zinc  Acetate. 

Zinc  Phenolaulphonate. 

Zinc  Sulphate, 

Zinc  Valerate, 

Glycerin. 

Glucose. 

Methylthionine  Hydrochloride, 


Bettendorf 's  Arsenic  Test. — ^This  is  used  to  test  bismuth  and  antimony  comptoundsL 
for  the  presence  of  arsenic.  It  has  already  been  described  on  p.  523;  so  here  it  need 
merely  be  stated  that  the  pharmacopoeial  monograph  directs  that  the  tested  substance 
is  to  be  dissolved  in  a  clean  test-tube  in  concentrated  hydrochloric  acid,  that  saturated 
stannous  chloride  T.S.  is  then  added  and  that  the  mixture  is  then  set  aside  for  thir^ 
minutes.  A  brownish  color  indicates  arsenic.  For  details  see  U.S.P.,  p.  58o. 
This  is  the  method  used  in  testing  the  following  preparations: 


Cbemical. 

Bismuth  Suhnitrate, 
Bismuth  Subcarbonate. 
Bismuth  and  Ammonium  Citrate. 
Bismuth  SubgaUate. 


BismuUi  Subsaliculate. 
Bismuth  BetanaphthoL 
Antimony  and  Potasdum  Tartrate. 
(For  details  see  U.S.P.). 


Antimony  and  its  compounds  give^  in  add  aoltUion  with  hydrogen  5ul- 
phide,  an  orange  precipitate  of  antimony  sidphide,  soluble  in  ammomum 
sulphide  T.S.    The  following  chemical  is  thus  tested: 

Pbbsbnt  as  Inqrbdibnt: 

Antimony  and  Potasdum  Tartrate. — A  5  per  cent,  acidulated  aaueous  solution 
gives  with  hydrogen  sulphide  T.S.  an  orange-red  precipitate,  whicn  is  soluble  in 
ammonium  sulphide  and  potassium  sulphide  solutions.  For  details  see  U.S.  P., 
p.  50. 

Cadmium  and  its  compounds  give,  in  acid  solution  with  hydrogen  sul^ 
phide,  a  yellow  predpiiate,  insoluble  in  ammonium  sulphide  T.S. 
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Copper  salts  give,  with  potassium  ferrocyanide  T.S.yared^n'awnpredpi" 
taJte  of  copper  ferrocyanide.  With  ammonia  water  they  give  a  blue-^hite 
precipitate  of  cupric  hydroxidey  which,  when  treated  with  eoccess  of  ammonia 
water,  dissolves  to  an  azure-blue  liquid  (see  Cupric  Ammonium  Sulphate 
T.S.,  p.  873),  //  a  bright  piece  of  sted  is  dipped  into  a  copper  solution,  it 
becomes  coated  with  metaOic  copper.  The  following  official  chemicals  are 
thus  tested: 

Pbbsbnt  as  Ingbedibnt: 

Copper  Sulphate, — A  drop  of  a  5  per  cent,  solution  upon  a  bright  piece  of  iron, 
deposits  a  red  film  of  metallic  copper. 

Ammonia  water  first  produces  a  pale  blue  precipitate  of  cupric  hydroxide,  which 
redissolves  in  excess  forming  a  deep  azure-blue  solution.  For  details  see  U.S. P., 
p.  128. 

Sought  as  impurity  in — 

Biamuth  Subniirate. 
BismtUh  SubcarhoTiate. 
Bi9mtUh  Subialicf^ate. 
BismtUh  and  Ammonium  Citrate. 


Bismuth  Svbgallate. 
ExsiecaUd  Sodium  Arsenate, 
Lead  Acetate, 

(See  U.S.P.). 


Bismuth  salts  in  concentrated  acid  solution  yield,  when  poured  into  large 
amount  of  water,  a  white  precipitate  (of  the  ''  sub' '  salt  of  bismuth).  With 
hydrogen  sulphide^  stdutions  of  bismuih  salts  give  a  black  precipitate  of  bis- 
muth sulphide.    The  following  official  chemicals  are  thus  tested: 


Pbesent  as  Inorbdibntb: 

Bismuth  Subniirate, 

Bismuth  Subearbonate, 

Biemuth  and  Ammonium  Citrate. 


Bismuih  SubgaUate. 
Bismuih  Subsalicylate, 
(See  U.S.?.). 


Lead  salts  give,  with  hydrochloric  acid,  a  white  precipitate  of  lead  chloride, 
which  is  sparingly  soluble  in  water;  with  diliUed  sulphuric  add  it  gives  a 
white  precipitate  of  lead  sulphate;  with  hydrogen  sulphide,  a  black  precipitate 
of  lead  sulphide;  with  potassium  iodide,  a  yellow  precipitate  of  lead  iodide. 
The  following  official  chemicals  are  thus  tested : 

PSBSBNT  AS  InQBBDIBNTS: 

Lead  Oxide, — A  10  per  cent,  solution  in  diluted  nitric  acid,  after  neutralization 
^elds  a  black  precipitate  with  hydrogen  sidphide,  a  yellow  precipitate  with  potassium 
iodide  and  a  white  precipitate  with  diluted  sulphuric  acid.  For  details  see  U.S. P., 
p.  329. 

Lead  Acetate. — Like  test  for  lead  oxide  just  given  except  than  an  aqueous  solution 
is  employed. 

Sought  as  impurity  in — 

Tartaric  Add. 

Potassium  Bitartrate. 

Sodium  Arsenate. 

Sodium  and  Potassium  Tartrate. 

Bismuih  Subnitrate, 


Bismuth  Subearbonate. 

Bismuth  and  Ammonium  Citrate. 

Bismuth  SubgaUate. 

BismtUh  Subsalicylate. 

(See  U.S.P.). 


Sulphuric  Add, — Purely  physical;  no  precipitate  should  form  on  adding  4  or  5 
volumes  of  alcohol;  any  lead  present  will  precipitate. 

Mercury  Salts  (both  "ous"  and  "ic").^^*v6  vrith  hydrogen  sulphide 
a  black  precipitate  of  mercuric  sulphide, 

Mercurous  Salts*— Give  with  hydrochloric  acid  a  white  precipitate  of 
mercurous  chloride. 

Mercuric  Salts. — Give  no  precipitate  with  hydrochloric  acid.  They 
give  with  ammonia  a  white  precipitate  (ammoniated  mercury);  with  potas- 
sium iodide,  a  red  precipitate  of  mercuric  iodide,  soluble  in  excess,  and  with 


876 


PRINCIPLES   OF   PHARMACY 


potassium  hydroxide,  a  yellow  precipitate  of  mercuric  oxide.    The  following 
official  chemicals  are  thus  tested: 

Presbnt  as  Inqredientb: 

Ammoniaied  Mercury, — The  solution  of  the  salt  in  diluted  nitric  acid  gives  with 
potassium  iodide  T.S.  a  red  precipitate.    For  details  see  U.S.P.,  p.  220. 

Corrosive  Mercuric  Chloride. — A  5  per  cent,  aqueous  solution  gives  a  white  pre- 
cipitate with  ammonia  water^  a  black  one  with  hydrogen  sulphide,  and  a  red  one  with 
potassium  iodide.     For  details  see  U.S.P.,  p.  214. 

Silver  SBiiB.-^jive  with  hydrochloric  add,  a  curdy  white  precipitate 
of  silver  chloride,  soluble  in  amm^mia  water,  InU  insoluble  in  nitric  add. 
The  following  official  chemicals  are  thus  tested: 

Present  as  Inoredibnt: 
Silver  NiiraU, 

Sought  as  impurity  in — 

Bismuth  SubnUraie. 
Bismuth  Subcarhonale, 
Bismuth  and  Ammonium  Citrate, 


Bismuth  SvbffolUUe. 
Bismuth  Subsalicylate. 
(See  U.S.P.). 


Oroup  Impurities, — Aside  from  the  tests  for  specific  impurities  given 
on  the  foregoing  pages,  the  pharmacopoeia  in  several  cases  directs  tests  for 
groups  of  impurities,  such  as  heavy  metals,  excess  of  alkali,  and  nofirvolatile 
impurities. 

Test  for  Heavy  Metals. — The  monograph  in  the  present  pharmacopcela  directs 
that  10  mils  of  an  acidulated  aqueous  2  per  cent,  solution  is  to  be  mixed  with  an  equal 
volume  of  freshly  prepared  hydrogen  sulphide  solution  alio  wed.  to  stand  in  a  warm 
place  for  half  an  hour  in  a  weU-stoppered  test-tube,  and  its  color  then  compared 
with  the  color  of  a  straight  hydrogen  sulphide  solution,  kept  under  similar  conditions. 
Volatile  oils  are  to  be  shaken  with  faintly  acidulated  distilled  water  after  which,  the 
mixture  is  to  be  saturated  with  hydrogen  sulphide.  In  neither  case,  should  the 
tested  fluid  be  darkened.     For  details  see  U.S.P.,  p.  586. 

Below  are  tabulated  the  official  chemicals  thus  tested,  and  for  details 
of  method  of  preparation  before  appl3dng  the  test;  the  reader  is  referred  to 
,the  pharmacopceia. 


Solution  of  Hydrogen  Dioxide. 
Boric  Add, 
Hydrochloric  Acid. 
Diluted  Hydrobromic  Acid. 
Diluted  Hydriodic  Acid. 
Nitric  Acid. 
Sulphuric  ^dd. 
Phosphoric  Acid. 
Hypophosphorous  Acid, 
Potassium  Hydroxide. 
Potassium  Acetate. 
Potassium  Bicarbonate. 
Potassium  Bitartrate. 
Potassium  Bromide. 
Potassium  Carbonate. 
Potassium  Chlorate, 
Potassium  Citrate. 
Potassium  and  Sodium  Tartrate. 
Potassium  Iodide. 
Potassium  Nitrate. 
Sodium  Hydroxide. 
Solution  of  Sodium  Hydroxide. 
Sodium  Acetate. 
Sodium  Benzoate.  [ 
Sodium  Borate, 


Ammonium  Bromide. 

Ammonium  Carbonate, 

Ammonium  Chloride. 

Ammonium  Iodide, 

Ammonium  Salicylate. 

Ammonium  Valerate. 

Magnesium  Oxide. 

Magnesium  Carbonate. 

Magnesium  Sulphate. 

Calcium  Bromide. 

Calcium  Carbonate,  Precipitated. 

Calcium  Chloride. 

Calcium  Glycerovhosvhate. 

Calcium  Hypopnosjmte. 

Calcium  Lactate. 

Strontium  Bromide. 

Strontium  Iodide. 

Strontium  Salicj^aie. 

Cerium  Oxalate. 

Aluminum  Hydroxide. 

Alum. 

Ferrous  Sulphate. 

OM  and  Sodium  Chloride, 

Uranium  Nitrate, 

Zine  Oxide, 
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Sodium  Bromide.  Zinc  Aeetaie. 

Sodium  Carbonate,  Zinc  Carbonate. 

Sodium  Bicarbonate.  Zinc  Chloride. 

Sodium  Chloride.  Zinc  PkenoUulphonate, 

Sodium  Citrate,  Zinc  Sulphate, 

Sodium  Glycerophosphate,  Zinc  Valerate, 

Sodium  Hypopnoepkite,  Copper  Sulphate, 

Sodium  laaide.  Lactic  Add. 

Sodium  Nitrite.  Citric  Acid, 

Sodium  Perborate,  Tartaric  Add 

Sodium  Phenolsulphanate,  Cflyoerin. 

Sodium  Phosphate,  Glucose, 

Sodium  Pyrophosphate,  Hexamethylenamine 

Sodium  Salicylate.  Antipyrine. 

Sodium  Svlphite.  Citrated  Caffdne, 

Sodium  Sidphate.  Caffdns  Sodio-bemoate, 

Sodium  Thiosulphate  Sodium  Cacodylate. 

lAthium  Berizoate.  Methyl  Salicylate, 

Lithium  Bromide,  OU  of  Anise. 

Lithium  Carbonate.  Oil  qf  Cassia. 

Lithium  Citrate.  OU  of  Cajuput, 

Lithium  Salicylate.  Salidn. 

Ammonia  Water,  Quinine  Tannate. 
Ammonium  Benzoate, 

Free  Alkali  Tests : 

Potasdum  Iodide, — A  solution  of  1  Gm.  salt  in  10  mils  of  water  and  0.1  mil  tenth- 
normal sulphuric  acid  V.S.  does  not  become  colored  on  adding  phenolphthalein. 
For  details  see  U.S.P.,  p.  340. 

Similar  tests  are  provided  for  the  following  chemicals: 

Sodium  Bromide.  Solution  of  Lime. 

Sodium  Iodide.  Predpitated  Zinc  Carbonate. 

Sodium  Hypophosphite,  Zinc  Oxide, 

Lithium  Bromide.  Thymol  Iodide. 

Lithium  Carbonate,  (For  details  see  U.S. P.) 

Lithium  Citrate. 

Free  Acid  Tests : 

Solution  of  Hydrogen  Dioxide, — Not  more  than  2  mils  tenth-normal  potassium  hy- 
droxide V.S.  required  to  neutralize  25  mils  of  solution.     For  details  see  U.S.P.,  p.  246. 

:Nroii-yolatile  Impurity  Tests : 

jyUuted  Hydrobromic  Add, — On  evaporation  of  25  mils  of  the  acid  not  more  than 
0.0025  Gm.  dried  residue  should  be  left.     For  details  see  U.S.P.,  p.  13. 


Similar  tests  are  provided  in  the  pharmacopoeia  for: 

For  details  see  U.S.  P. 


Hydrochloric  Add 
Nitric  Add 
Sulphuric  Add 


SYSTEMATIC  CHEMICAL  ANALYSIS 

'  T^he  pharmacopoeial  tests  given  on  preceding  pages,  while  important 
and  valuable,  give  us  information  that  is  somewhat  disjointed. 

If  we  suspect  that  a  liquid  contains  zinc,  we  may  try  the  tests  for 
zitxc  given  on  p.  480,  but  suppose  the  liquid  contains  magnesium  and 
iron  as  well  as  zinc,  how  would  we  then  proceed?  Or  suppose  we  had  no 
ided  ^hat  metals  the  solution  contains,  how  would  we  begin? 

In  analytic  chemistry,  as  in  everything  else  in  science,  system  is 
l^lie   Bccret  of  success,  and  it  is  to  systematic  analysis  to  which  we  now 
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must  refer.  This  is  performed  by  separating  the  several  elements  in  a 
solution  into  groups  by  the  use  of  certain  chemicals  which  we  call  ''group 
reagents."    The  important  group  reagents  are: 

^  First,  hydrochloric  acid  (HCl) ;  second,  hydrogen  sulphide  (HsS) ; 
third,  ammonium  sulphide  (NH4HS);  fourth,  ammonium  carbonate, 
(NHOiCOa;  applying  them  one  after  another  to  the  solution  under  ex- 
amination.  . 

Now,  suppose  we  have  a  solution  containing  all  the  elements  used 
in  pharmacy,  we  would  take  the  solution  and  add 

Hydrochloric  acidj  when  there  would  be  precipitated  out  Hg  (ous), 
Pb,  and  Ag  as  insoluble  chlorides.  The  liquid  is  separated  from  the 
precipitate  by  filtration,  and  through  the  filtrate  we  would  pass 

Hydrogen  sulphide  {gas),  when  we  would  get  a  precipitate  of:  (a)  Cd, 
Cu,  Hg,  (ic),  Pb,  Bi.  (b)  As,  Sb,  and  Sn  as  insoluble  sulphides.  The 
precipitate  can  be  separated  into  groups  "a*'  and  "b"  by  digestion  in 
NH4HS,  in  which  group  "b"  dissolves,  leaving  group  "a"  behind.  In 
the  meanwhile  the  filtrate  from  the  H3S  precipitate  is  treated  with 
NH4CI,  NH4OH,  and 

Ammonium  sulphide,  which  precipitates  from  it  (a)  Fe,  Al,  Cr;  (6) 
Zn,  Mn,  Co,  and  Ni.  All  save  those  in  italics  as  sulphides.  The  itsJi- 
cized  as  hydroxides. 

Group  ''a"  of  this  precipitate,  when  dissolved  in  hydrochloric  and 
nitric  acid,  is  precipitated  by  anmionia  water.  Group  "b,"  under  same 
treatment,  is  not.  By  this  method  the  two  groups  are  separated.  The 
filtrate  from  the  NH4HS  precipitate  is  now  treated  with 

Ammonium  carbonate,  when  down  comes  Ba,  Sr,  and  Ca,  as  insoluble 
carbonates.    To  the  filtrate  from  this  precipitate  is  added 

Ammonium  phosphate,  when  there  is  precipitated  Mg  as  phosphate. 
The  filtrate  will  now  hold  only  Li,  Na,  K,  and  NH4,  and  this  is  considered 
the  last  group. 

By  this  method  we  have  separated  the  metals  into  seven  groups, 
as  foUows: 

I.  Li     K  Na  NH4 

II.  Mg  Ca  Sr  Ba 

III.  Zn    Mn  Co  Ni 

IV.  Al    Fe  and  Cr 
V.  As    Sb  Sn 

VI.     Cd   Cu     Hff       (ic)  Bi. 
VII.     Hg   (ous)  Pb       and  Ag. 

Only  the  symbols  are  given  above,  as  it  is  expected  that  the  preceding 
chapters  of  this  book  have  been  read  and  mastered. 

Some  books  on  analytic  chemistry  number  these  group^  diflFerently, 
beginning  with  Hg  (ous)  and  Ag  as  the  first  group,  but  this  is  of  smsJl 
importance,  the  main  point  being  the  separation  of  the  twenty-four 
metals  into  seven  simple  groups,  from  which,  in  turn,  the  metals  them- 
selves can  be  separated  without  great  difficulty.  How  this  separation 
of  the  small  groups  is  carried  on  is  beyond  the  scope  of  this  book,  and  the 
reader  is  referred  to  one  of  the  books  on  analytic  chemistry  mentioned  in 
Preface. 

A  summary  of  the  more  important  individual  tests  may  be  useful. 

The  following  metals  give  characteristic  color  with  borax  bead: 

Manganese Amethyst. 

Cobalt Blue. 

Copper Green. 

Iron Red. 
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The  following  flame  tests  are  characteristic: 

Strontium  (also  lithimn) Crimson. 

Calcium Red-yellow. 

Copper Blue-green. 

Potassium Violet. 

Sodium Yellow. 

Boric  acid  and  alcohol Green. 

The  following  hydrogen  sulphide  precipitates  are  characteristic: 

White Zinc  (from  alkaline  solution). 

Mesh  color Manganese  (from  alkaline  solution). 

Yellow Arsenic  and  tin  (from  acid  solution). 

Orange Antimony  (from  acid  solution). 

Blac^ Mercury,  copper,  lead  (from  acid  solution). 

The  other  elements  will  not  precipitate  with  HaS. 

The  following  special  tests  are  characteristic: 

Substance.  Reaqent.  Reaction. 

Adds  and  their  aalta. 

HsSOi.  Barium  chloride.  White  precipitate. 

HCl.  Silver  nitrate.  White  precipitate. 

HBr.  Silver  nitrate.  Yellow  precipitate. 

Phosphoric  acid.  Magnesium  sulphate.  White  crystuline  precipitate. 

Carbonic  acid.  lime  water.  White  precipitate. 

Nitric  acid.  Green  FeS04  solution.  Changed  to  red  or  black  Fes  (SO4)  1 

solution. 

Thiosulphuric  acid.  Sulphuric  acid.  Vapors  of  SOs  and  precipitate 

of  sulphur. 

Sulphurous  acid.  Sulphuric  acid.  Vapors  of  SOs. 

Tartaric  acid.  Silver  nitrate.  Mirror  of  metallic  silver. 

Acetic  acid.  HsS04  and  alcohol.  Odor  of  acetic  ether. 

MetaUicSaUs, 

Zinc.  Hydrogen  sulphide.  White  precipitate. 

Calcium.  Ammonium  oxalate.  White  precipitate. 

Magnesium.  Sodium  phosphate.  White  precipitate. 

Iron  (ic).  Potassium  ferrocyanide.  Blue  precipitate. 

Iron  (ous).  Potassium  ferricyanide.  Blue  precipitate. 

Silver.  Sodium  chloride.  White  precipitate. 

Aluminum.  Solution  of  soda.  White  gelatmous  precipitate. 

Leaxl.  Potassium  chromate.  Yellow  precipitate. 

A^Smonv  I  '^®*^  ^^  Marsh's,  Fleitmann's,  or  Gutzeit*s  test,  as  explained  on  p.  522. 

Tests  for  organic  chemicals  are  too  numerous  and  varied  to  admit 
of  a  tabulated  statement;  hence  the  reader  is  referred  to  the  pharma- 
copoeial  tests  for  sach  substances,  found  scattered  through  Part  IV. 


CHAPTER  LIV 


QUANTITATIVE  ANALYSIS 
INORGANIC  VOLUMETRIC  ANALYSIS 

Afi  mentioned  on  p.  859,  we  are  able  to  examine  chemicals  not  merely 
as  to  ingredients,  but  also  can  ascertain  the  quantity  of  each  ingredient. 
Tbe  latter  work  is  the  object  of  quantitative  analysis.  The  three  methocte 
of  quantitative  analysis  usually  employed  are  volumetric  analysis,  gravi- 
metrie  analysis,  and  gasometric  analysis. 
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VOLUHETRIC  ANALYSIS 

is  the  most  largely  employed  process  of  quantitative  analysis  as  far  as 
pharmacy  is  concerned;  the  pharmacopoeia  directing  this  method  in 
the  estimation  of  the  strength  of  drugs  whenever  possible.  Tlie  vol- 
umetric processes  of  the  pharmacopoeia,  with  but  two  exceptions  (the 
use  of  Fehling's  solution  and  the  use  of  Eoppeschaar's  solution,  p.  dl7), 
fall  into  four  groups: 

I.  Acidimetry  or  alkalimetry. 

II.  The  use  of  iodine  volumetric  solution  ordts  complement,  sodium 
thiosulphate  volumetric  solution. 

III.  Oxidation  with  potassium  pennanganate  volumetric  solution 
or  with  potassium  dichromate  volumetric  solution. 

IV.  The  use  of  silver  nitrate  volumetric  solution  or  its  complementse 
potassium  sulphocyanate  volumetric  solution  and  sodium  chlorid, 
volumetric  solution. 

Before  discussing  these  several  groups  of  volumetric  analjrsis  it  is 
advisable  to  quote  what  the  pharmacopoeia  says  about  volumetric 
solutions,  with  special  emphasis  l£ud  on  the  explanation  of  normal  8oluHans 
decincmud  solutions^  and  centinormal  solutions. 

The  ninth  revision  of  the  pharmacopoeia  (Part  II,  page  555)  gives 
explicit  general  directions  as  to  aids  to  accuracy  in  volumetric  work 
and  these  directions  should  be  carefully  read  by  all  students.  It  then 
proceeds  to  discuss  volumetric  solutions  as  outlined  below. 

Normal  (  y)  vclumetric  schdions  according  to  the  pharmacopisia  are  ''thoae  which 

contain  in  1000  mils,  in  any  stated  reaction,  the  chemical  equivalent  of  1  gramme  of 
hydrogen."  It  then  proceeds  to  state  that  a  normal  solution  of  a  univalent  reagent 
contains  in  1  liter,  the  molecular  weight  of  that  reagent  expressed  in  grammes^  that 
of  a  bivalent  reagent  one-half  of  the  molecular  weight  expressed  in  grammes;  if  tri- 
valent,  one-third  of  the  molecular  weight  eTqpressed  in  grammes.  The  exampleB 
cit^  are:  hydrochloric  acid,  HCl,  has  the  molecular  weight  36.47;  therefore  1  uter 
of  normal  solution  should  contain  36.47  Gm.  absolute  HCl.  Sulphuric  acid,  HsSO«, 
has  the  molecular  weight,  98.09;  hence  1  liter  of  normal  solution  will  contain  98.09  -h  2 
or  49.045  Gm.  absolute  H^4. 

Potassimn  hydroxide  KOH,  has  the  molecular  weight,  56.11;  hence  1  liter  of 
normal  solution  will  contain  56.11  Gm.  absolute  KOH. 

Potassium  dichromate  has  the  molecular  weight,  294.2  and  liberates  3  atoms  of 
oxygen.  One  molecule  of  it  is  therefore  equal  to  6  atoms  of  hydrogen  and  1  liter  of 
its  normal  solution  should  therefore  contain  294.2  +  6  or  49.0334  Gm.  absolute 
dichromate. 

The  monograph  further  explains  why  1  liter  of  tenth-normal  potassium  perman- 
ganate contains  3.1606  Gm.  absolute  permanganate  (see  p.  897)  and  points  out  that 
a  tenth-normsd,  in  hundredth-normal,  m  fiftieth-normal,  in  double^ormal  and  in  half- 
normal  volumetric  solutions  contain  respectively  one-tenth,  one  one-hundredth,  one- 
fiftieth,  twice  and  half  the  amount  of  reagent  found  in  the  normal  solution.  It  further 
gives  tne  two  styles  of  abbreviations  uam  for  these  strengths  of  volumetric  solutions: 

N 
Tenth-normal  :r^  or  0. 1  n. 

N 
Hundredth-normal  j^rz  or  0.01  n, 

N 
Fiftieth-normal  ^j^  or  0.02  n. 

2N 

Double-normal  -=-  or  2  n. 

Half-normal  -^  or  0.5  n. 
Lastly  it  discusses  empiric  solutions,  those  not  adjusted  apoQ  a  molecular  baas,  but 
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which  are  usable  sinoe  their  exact  strengths  are  known  and  the  proper  factor  necessary 
in  calculationfl  can  be  determined.  AU  of  these  details  should  be  carefully  read  in 
the  pharmacopoeia  (p.  556)  by  the  student. 


Addimetry  and  AlkaUmetry. — ^This  group  includes  the  estimation 
of  alkalis  by  use  of  a  volumetric  solution  of  an  acid  or  the  estimation 
of  acids  by  the  use  of  a  volumetric  solution  of  an  alkali.  The  process 
can  be  best  illustrated  by  a  typical  example.  Taking  the  pharmacopceial 
estimation  of  potassium  hydroxide,  for  instance,  we  find  (p.  891)  that 
it  is  accomplished  by  use  of  normal  volumetric  solution  of  hydrochloric 
acid,  and  the  theory  of  this  kind  of  estimation  is  that  sufficient  to 
the  acid  solution  is  added  to  make  the  product  exactly  neutral — to 
make  pure  potassixun  sulphate.  To  know  when  this  neutrality  is  reached, 
we  use  some  substance  which  by  change  of  color  will  show  whether  the 
liquid  is  acid  or  alkaline.  Litmus  can  be  used  for  this  purpose,  for  we 
learned  long  since  that  litmus  turns  red  with  acids  and  blue  with  alkalis. 
But  litmus  is  not  exact  enough.  We  need  some  substances  which  will 
change  their  tint  when  there  is  but  a  fraction  of  1  per  cent,  of  free  acid 
or  free  alkali  present.  Such  a  coloring-matter  is  called  an  indicator, 
and  chief  among  those  used  in  this  class  of  volumetric  analysis  are  the 
following: 

Phenolphthalein,  red  with  alkalis,  colorless  with  acids. 
Methyl  orange,  yellow  with  alkalis,  red  with  acids. 
Hematoxylin,  violet  with  alkalis,  yellow  with  acids, 
lodeosin,  pink  with  alkalis,  colorless  with  acids. 

The  new  pharmacopoeia  contains  (Part  II,  p.  579)  a  full  discussion  of 
indicators  which  should  be  carefully  read  by  the  student. 

Turning  to  the  process,  suppose  we  combine  potassium  hydroxide 
with  sulphuric  acid  to  a  neutnd  salt.  Absolutely  pure  potassium  hy- 
droxide IS  KOH;  molecular  weight,  56.11.  Absolutely  pure  sulphuric 
acid  is  H2SO4;  molecular  weight,  98.09.  The  molecular  weights  just 
given  are  estimated  from  the  "exact"  atomic  weights  given  by  the 
pharmacopoeia  and  not  from  the  "round  number"  atomic  weights  found 
in  elemental  table  on  p.  352. 

The  reaction  between  potassium  hydroxide  and  sulphuric  acid  can 
be  expressed  by  the  following  equation: 


2K0H     +     H,S04     = 

=     K,804 

+     2H,0. 

2X56.11            08.09 

174.27 

2X18.016 

or  112.22 

or  36.032 

We  see  from  the  equation  that  absolute  potassium  hydroxide  com- 
bines  with  absolute  sulphuric  acid  in  the  proportion  of  112.22  Gm.  of 
the  hydroxide  to  98.09  Gm.  of  the  acid,  and  were  we  to  prepare  solutions 
of  these  two  bodies  of  such  strength  that  equal  volumes  of  the  two 
solutions  would  exactly  neutralize  each  other,  the  solutions  would  have 
to    be  prepared  to  the  ratio  of  112.22  to  98.09. 

To  make  it  plainer:  were  we  to  prepare  a  Uter  of  solution  containing 
sxActly  112.22  Gm.  absolute  potassium  hydroxide,  a  litei;  of  solution 
>f  sulphuric  acid  to  neutraUze  it  would  have  to  hold  98.09  Gm.  of  abso- 
ute  dcid;  or  if  we  prepared  a  solution  of  potassium  hydroxide  containing 
n  one  liter  56.11  Gm.  of  absolute  hydroxide  {}4  of  112.22),  then  a  liter 
>f  solution  of  sulphuric  acid  that  would  neutralize  the  hydroxide  must 
routarin  one-half  of  98.09  or  49.045  Gm.  of  absolute  sulphuric  acid,  and 
uch  is  the  strength  of  normal  sulphuric  acid,  as  reference  to  p.  883 
rill  sl&ow.    The  foundation  to  acidimetric  work  is  the  strength  of  normad 
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potassium  hydroxide  solution  and  normal  sodium  hydroxide  solution, 
each  of  which  represents  in  each  liter  of  solution  the  number  of  grammes 
of  absolute  hydroxide  equal  to  the  molecular  weight  of  the  substance  em- 
ployed. Thus,  normal  potassiimi  hydroxide  solution  contains  56.11  Gm. 
of  hydroxide  to  the  liter,  and  normal  sodium  hydroxide  contains  40.01  Gm. 
of  hydroxide  to  the  liter.  On  the  other  hand,  the  dibasic  acids — sulphuric 
acid  and  oxalic  acid — are  made  into  normal  volumetric  solutions  by  using 
to  a  liter  of  solution,  the  number  of  grammes  of  acid  corresponding  to 
half  the  molecular  weight,  since  it  takes  only  half  a  molecule  (if  the 
phrase  is  permissible)  of  either  of  these  acids  to  neutralize  one  molecule 
of  either  of  the  two  alkalis. 

The  use  of  a  volumetric  solution  in  testing  is  simple.  The  volu- 
metric solution  is  poured  into  a  graduated  tube  called  a  burette  (see 
Fig.  23,  p.  46),  while  the  substance  to  be  examined,  after  careful 
weighing,  is  dissolved  and  so  placed  that  the  contents  of  the  burette 
can  be  gradually  run  into  it.  The  indicator — ^usually  phenolphthalein 
— ^is  poured  into  the  solution  to  be  examined.  Let  us  suppose  this  sub- 
stance is  an  alkali:  then  the  solution  will  be  colored  purple  red.  Into 
this  the  volumetric  solution  is  added  gradually  and  stopped  the  moment 
that  a  drop  of  the  reagent  discharges  the  color  of  the  solution,  which 
will  mean  that  the  solution  is  no  longer  alkaline.  Then  a  simple  reckon- 
ing— amount  of  volumetric  solution  in  burette  before^  minus  amount 
after,  dropping  into  tested  solution,  will  give  us  the  number  of  mils  of 
volumetric  solution  used  in  neutralizing  the  tested  substance,  and  from 
these  figures  we  can,  by  aid  of  the  pharmacopoeia,  estimate  strength 
of  the  tested  substance. 

Applying  these  directions  to  the  estimation  of  potassium  hydroxide, 
suppose  we  weigh  out  1  gramme  of  the  chemical,  dissolve  it  in  water,  and 
titrate  it;  treat  it  with  normal  sulphuric  acid  V.S.  (V.S.  meaning  volu- 
metric solution).  We  find  the  gramme  of  potassium  hydroxide  takes 
16  mils  normal  sulphuric  acid  (abbreviated  nHaSOO  to  neutralize  it. 
From  the  equation — 

2K0H     +     H,S04     =     K,S04     +    2H,0 
112.22  9a09  174.27  36.032 

we  see  that  98.09  Gm.  absolute  H2SO4  =  112.22  Gm.  absolute  KOH. 

98  02 
We  have  learned  that  a  liter  of  nH2S04  =  —5 —  Gm.  or  49.(^5  Gm. 

112  22 
absolute  H2SO4.     Since  49.045  Gm.  absolute  H2SO4  =    — ^ —  Gm.,  or 

56.11  Gm.  absolute  KOH,  we  find  thai 

1000  mils  nH2S04= 66.11  Gm.  absolute  KOH. 

1  mil  nH2S04= 0.05611  Gm.  absolute  KOH. 
Hence  16  mils  nH2S04  =  16X0.05611  Gm.  absolute  KOH. 

0.89776  Gm.  absolute  KOH. 

Hence  UGm.  potassium  hydroxide  we  examined  contained  0.89776 
gm.  absolute  KOH,  and  was  therefore  almost  90  per  cent,  absolute. 

Reference  to  U.S.P.  (p.  576)  will  show  that  the  factor  "  1  mil  nHsSOi  = 
0.05611  Gm.  absolute  KOH"  is  foimd  under  the  table  of  values  of  1  mil 
normal  sulphuric  acid  V.S.,  and  it  need  here  be  said  that  each  particular 
value  of  1  mil  normal  acid  found  therein  has  been  worked  out  by  process 
of  reasoning  just  given.  The  same  obtains  with  the  equivalent  tables 
found  under  the  several  volumetric  solutions,  and  incidentally  it  might 
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be  noted  that  one  mil  of  a  normal  acid  or  of  normal  alkali  is  represented 
as  the  same  nmnber  of  milligrammes  of  the  substance  tested  as  the 
molecular  weight  of  the  substance  if  it  be  monobasic  or  monacid,  half 
the  molecular  weight  if  it  be  dibasic  or  diacid,  one-third  the  molecular 
weight  if  it  be  tribasic  or  triacid.  The  following  volumetric  solutions 
are  used  in  acidimetry  and  alkalimetry: 

NORMAL  SULPHURIC  ACID  VOLUMETRIC  SOLUTIGN 

HsS04  ==^  98.00.  49.045  Gm.  in  1000  mils. 

Condensed  Recipe, 

Dilute  30  mils  of  sulphuric  acid  U.S. P.  with  enough  distilled  water  to  make  1050 
mils.  Standardize  this  either  by  titration  with  normal  potassium  hydroxide  V.S. 
or  weighing  out  a  definite  amount  of  anhydrous  sodium  carbonate  and  titrating  this 
with  the  acid  solution.  On  estimating  the  strength  of  the  latter,  it  is  diluted  with 
water  to  the  exact  normal  strength,  which  is  to  be  proven  by  a  titration  of  the  diluted 
product.  For  details  see  U.S.  P.,  p.  575  where  the  arithmetic  of  dilution  is  also 
discussed. 

The  pharmacopoeia  also  gives  the  equivalent  value  of  normal  sul- 
phuric acid  (the  so-called  factor)  for  a  list  of  27  chemicals  assayed  with 
that  reagent.  As  an  understanding  of  this  factor  is  essential  to  the  com- 
prehension of  volumetric  methods  it  is  worthy  of  explanation  at  this 
place. 

On  p.  881,  it  was  pointed  out  that  when  sulphuric  acid  and  potassium 

hydroxide  were  combined  (as  in  a  titration)  each  49.045  grammes  of  the 

absolute  acid  neutralized  56.11  grammes  of  the  absolute  hydroxide. 

Then  we  learned  that  1000  mils  of  normal  sulphuric  *acid  contained 

49.045  Gm.  H2SO4  and  therefore  was  the  equivalent,  in  a  titratiom,  of  56.11 

Gm.  KOH.     It  therefore  follows  that  1  mil  of  normal  sulphuric  acid 

represents  56.11  -r-  1000  or  0.05611  Gm.  KOH  and  this  we  find  is  stated 

in   the  table  of  "equivalent  values"  (or  factors)  of  normal  sulphuric 

acid  which  is  pointed  in  the  pharmacopoeia.     The  factor  of  course,  bears 

a  direct  relation  to  the  rciolecular  weight  of  the  chemical  in  question 

dei>ending,  as  do  volumetric  solutions,  on  the  hydrogen  value  of  the 

substance  under  consideration. 

Turning  to  the  U.S.P.  list  of  27  chemicals  assayed  with  normal  sul- 
phuric acid  we  find: 

The  equivalent  factor  (grammes  of  chemical  represented  by  1  mil 
of  normal  acid)  of  the  following  chemicals  is  the  molecular  weight  of  the 
chemical  divided  by  1000. 

Ammonia  gas,  NHs:  ammonium  acetate^  NH4C2H3O2;  lithium  salicylate,  liCTHsOt; 
potassium  acetate,  KGsHsOs,  potassium  bicarbonate,  I^HCOs;  potassium  bitartrate, 
KJEIO4H40«:  potassium  hydroxide^  KOH;  sodium  acetate,  NaCsHsOt;  sodium  bicar- 
bonate, NaHCOs;  sodium  hydroxide,  NaOH;  and  sodium  salicylate,  NaCrHftOj. 

Tlie  equivalent  factor  (grammes  of  chemical  represented  by  1  mil 
of  normal  acid)  of  the  following  chemicals  is  the  molecitUir  weight  of  the 
substctTice  divided  by  2000: 

Axxiinonium  carbonate  (NHi)sCOt;  calcium  hydroxide  Ca(OH)s:  calcium  oxide, 
(JslOi  I&bA  acetate,  Pb(CiH30i)s+3HiO:  lithium  carbonate,  liaCOs;  magnesium 
oxide,  MgO:  potassium  carbonate,  KiCOs;  potassium  and  sodium  tartrate,  KNa- 
Q^H*O«+4Ii»0;  sodium  borate  NatBiOy-j-lOHaO;  sodium  carbonate,  anhydrous, 
>^^200j:  sodium  carbonate,  monohydrated,  NatCOs+HtO;  zinc  oxide,  ZnO. 

Of  tne  remaining  chemicals,  the  factor  of  two — ammonium  carbonate  U.S.P., 
j,^2I*HCK)j.NH4NHjCOa  and  potassium  citrate  KaCeHsOT+HtO— is  the  mdecviar 
joeiahl  a/ the  chemical  divided  by  3000;  thef  actorof  one-lead  subacetate,  Pb>0(CtHsOs)t — 
g  ^Ae  -molecular  weight  of  the  chemical  divided  by  4000,  while  the  factor  of  the  laist — 
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magnesium  carbonate,  (MgC08)4Mg(OH)s+5HtO — is  the  molecular  weight  divided  by 
10,000. 

HALF-NORMAL  SULPHURIC  ACID  VOLUUETRIC  SOLUTION 

HsS04 »  98.09.  24.5225  Gm.  in  1000  mils. 

Condensed  Recipe. 

Dilute  500  mils  of  normal  sulphuric  acid  with  enough  distilled  water  to  make  1000 
mils.  Specific  directions  are  given  as  to  use  of  indicators  with  this  solution  for  details 
see  U.S.  r ..  p.  576.  A  list  of  18  equivalent  factors  are  given.  Of  these  12  are  chemicals 
mentionea  under  normal  sulphuric  acid;  the  factors,  of  course,  being  just  one-half  the 
normal-acid  values.  The  remaining  six  the  factor  of  one — sodium  bensoate,  NaGr- 
HtOs — ^is  the  molecular  weight  divided  by  2000;  while  the  factor  of  the  other  five — 
lithium  citrate,  anhydrous^  liCeHsOr;  lithium  citrate,  cr>'stallized,  LiC«Ht07  + 
4HsO;  potassium  citrate,  KaCfiHsOr;  sodium  citrate,  anhydrous,  NaiCcHfOr;  and 
sodium  citrate,  crystallized,  NatCeHtOr  +2H2O — is  the  molecular  weight  divided  by 
6000. 

TENTH-NORMAL  SULPHURIC  ACID  VOLUMETRIC  SOLUTION 
H2SO4  =>  98.09.  4.9045  Gm.  in  1000  mils. 

Dilute  100  mils  of  normal  sulphuric  acid,  with  sufficient  distilled  water  at  the 
same  temperature  to  measure  1000  mils. 

Provision  is  also  made  to  dilute  sulphuric  acid  directly  and  to  standardise  with 
anhydrous  sodium  carbonate.  Gareful  directions  are  given  as  to  use  of  indicators. 
For  detaUs  see  U.S.P.,  p.  677. 

The  pharmacopoeia  gives  a  list  of  equivalent  factors  for  24  chemicals  assaved  with 
tenth-normal  acid.  Of  these,  four — ^potassium  hydroxide,  calcium  hydroxiae,  anhy- 
drous sodium  carbonate  and  zinc  oxide — have  a  factor,  which  is,  of  course  one- 
tenth  of  the  value  given  under  the  normal  acid.  The  remainder  are  the  alkidoids 
and  with  fifteen  of  these:  aconitine,  atropine,  cephaline,  cinchbnidine,  cinchonine, 
cocaine,  coniine,  emetine,  nydrastine,  morphine  (amorphous  and  crystalline),  physo- 
stigmine,  pilocarpine,  quinine  and  strvchmne — ^the  factor  (grammes  of  alkaloid  repre- 
sented by  1  mil  of  tenth-normal  acid)  is  the  molecular  weight  divided  by  10,000;  the 
factor  of  one  brucine — ^is  the  moUcidar  weight  divided  hy  20,000,  while  the  remaining 
four  are  factors  calculated  for  the  alkaloidal  mixtures  found  in  aconite,  nux  vomica, 
ipecac  and  mydriatic  drugs  respectively. 

FIFTIETH-NORMAL  SULPHURIC  ACID  VOLUMETRIC  SOLUTION 

HsSOi  »  98.09.  0.9809  Gm.  in  1000  mils. 

Condensed  Recipe. 

Dilute  200  mils  of  tenth-normal  sulphuric  acid  with  enough  distilled  water  to 
make  1000  mils.  The  pharmacopoeial  monograph  directs  that  the  strength  of  this 
be  determined  with  half-normal  potassium  hydroxide  V.S.  See  U.S.P.,  p.  578.  The 
factors  given  are  for  aconitine,  atropine,  cinchonidine,  cinchonine,  combined  alkaloids 
of  cinchona  and  of  ipecac.  Of  course,  the  factor  in  the  case  of  each  of  the  alkaloids 
is  one-fifth  that  of  the  tenth-normal  sulphuric  acid  factor. 

TENTH-NORMAL  OXALIC  ACID  VOLUMETRIC  SOLUTION 
HiCi04+2HsO  - 126.05  6.3025  Gm.  in  1000  mils. 

Condensed  Recipe. 

Dissolve  6.45  Gm.  purified  oxalic  acid  in  enough  distilled  water  to  make  1000  mils. 
Standardize  this  with  tenth-normal  potassium  hydroxide  V.S.,  using  phenol-phthalein 
as  indicator  and  then  dilute  to  exactly  tenth-normal  strength.  For  detaOs  see  U.S.  P., 
p.  562. 

The  pharmacopoeia  gives  the  factor  for  13  chemicals  assayed  with  tenth^iormal 
oxalic  acid.  In  the  case  of  three  of  these — ammonia  gas,  potassium  krfdroxide  and 
sodium  hydroxide — ^the  factor  (grammes  of  chemical  represented  by  1  mu  of  the  tenth- 
normal acid)  is  the  molecular  weight  divided  by  10,000;  with  eight--calcium  carbonate, 
calcium  hydroxide,  calcium  oxide,  lead,  lead  acetate,  lead  oxide,  l^ul  peroxide  and 
manganese  dioxide — ^the  factor  is  the  molecular  xoeight  divided  by  20,000;  with  one — 
lead  subaoetate,  the  factor  is  the  molecular  weight  divided  by  40,000:  while  with  the 
last — ^potassium  permanganate — ^the  factor  (as  explained  on  page  898)  is  the  molecylar 
weight  divided  by  50,000. 
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NORKAL    HYDROOOORIC   ACID   VOLUKETRIC   SOLUTION 

HQ  »» 36.47  36.47.  Gm.  in  1000  mils. 

Condensed  Recipe. 

Mix  110  mils  of  hydrochloric  acid  with  enough  distilled  water  to  make  1000  mils. 
Standardize  with  normal  potassium  hydroxide  V.S.,  using  methyl-orange  as  indicator. 
Then  dilute  to  exactly  normal  strength.  For  details  including  the  arithmetic  of 
dilution^  see  XJ.S.P.,  p.  659. 

The  pharmacopceia  gives  factors  for  nine  chemicals,  when  tested  with  normal 
hydrochloric  acid.  Eight  of  these  are  in  the  list  given  under  normal  sulphuric  acid 
(p.  883)  and  are,  obviously  the  same  figures  as  there  given.  The  ninth  is  scniium  caco- 
aylate,  the  factor  for  which  is  the  molecular  weight  divided  by  1000. 

HALF-NORMAL  HYDROCHLORIC  ACID  VOLUMETRIC  SOLUTION 

HCl  =36.47.  18.235  Gm.  in  1000  mils. 

Condensed  Recipe; 

Dilute  500  mils  of  normal  hydrochloric  acid  V.S.  with  enough  water  to  make 
1000  mils.     For  details  see  U.S.P.,  p.  560). 

The  pharmacopceia  gives  factors  for  29  chemicals  assayed  with  half-normal  hydro- 
chloric acid,  V.S.  Of  these  20  are  substances  for  which  factors  have  been  ^ven 
under  normal  or  half-normal  sulphuric  acid.  In  the  case  of  three  of  the  remaim'ng 
chemicals — ^benzaldehyde.  citral,  and  sodium  glycerophosphate — ^the  factor  (grammes 
of  chemical  represented  by  1  mil  of  half -normal  acid)  is  the  molecular  wdgfu  divided 
by  2000;  while  with  the  remaining  six-calcium  lactate*  cinnamic  aldehyde,  mag- 
nesium hydroxide,  sodium  tartrate,  and  strontium  salicylate  (anhydrous  ana  crys- 
tallized) the  factor  is  the  molecidar  weight  divided  by  4000. 

NORMAL  POTASSIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

KOH»56.11         56.11  Gm.  in  1000  mils 
Condensed  Recipe. 

Dissolve  75  Gm.  specially  purified  potassium  hydroxide  in  enough  boiled  distilled 
water  to  make  1050  mils.  Standardize  this  titrating  with  an  accurately  weighed 
quantity  (4.7035  Gm.)  of  potassium  bitartrate^  using  phenolphthalein  as  indicator. 
The  above-mentioned  amount  of  bitartrate  reqmres  25  mils  of  normal  potassium  hy- 
droxide for  neutralization  and  the  solution  being  standardized  must  be  oiluted  accord- 
ingly. For  details,  including  arithmetic  of  dilution  see  U.S.P.,  p.  563.  The  pharma- 
copoeia also  permits  the  standardization  of  this  solution  with  normal  sulphuric  acid. 
It  also  gives  directions  for  preservation  of  the  alkaline  volumetric  solutions.  The  phar- 
macopoeia eives  factors  for  twenty-four  chemicals  assayed  with  normal  potaasium 
hydroxide  Y.S.  In  the  case  of  seventeen  of  these  chemicals:  acetic  acid,  HCtHtOt; 
acetic  acid  anhydride  (CHsCO)sO;  ammonia  gas,  NHt:  ammonium  chloride,  NH4CI; 
boric  add  (vnih  (glycerin)  HsBOsj  formaldehyde,  HCHO;  hydrated  chloralLCCUCHO- 
-fHiO;  hydriodio  acid,  HI;  hvarobromic  acid,  HBr;  hydrochloric  acid.  HCl;  hjrpo- 
phosphorous  acid.  HPHtOs;  lactic  acid,  KCtRiOzj  nitric  acid,  HNOs;  potassium 
Ditartrate,  KHC4H4O6;  sodium  bitartrate,  NaHC4H406;  sodium  hydroxide,  NaOH; 
and  trichloracetic  acid,  CGlsCOGH;  the  factor  (grammes  of  substance  represented  by 
1  mil  of  normal  potassium  hydroxide  V.S^  is  the  molecular  weight  divided  by  1000. 

With  five — oxalic  acid,  HsGsG4+2HsO;  phosphoric  acid  (with  phenolphthalein), 
HtP04;  sulphuric  acid,  H1SO4;  sulphuric  acid  anhydride,  SO3;  and  tartaric  acid, 
H1C4H4O8 — ^the  factor  is  the  molecular  weight  divided  by  2000:  while  with  the  remaining 
two — citric  acid,  HiCeHftOr;  and  paraformaldehydfe  (HGHO)i — the  factor  is  tf^ 
moUcular  weight  divided  by  3000. 

HALF-NORMAL  POTASSIUH  HYDROXIDE  VOLUMETRIC  SOLUTION 

KOH«56.11        28.055  Gm.  in  1000  mils 
Condensed  Recipe. 

Dilute  500  mils  of  exactly  normal  potassium  hydroxide  V.S.  with  enough  recently 
boiled  distilled  water  to  make  1000  mils.  The  pharmacopceia  also  provides  for  its 
standardization  with  potassium  bitartrate  and  discusses  the  proper  methods  of  j>re- 
servinglit  see  U.S.P.,  p.  565.  The  pharmacopoeia  gives  factors  for  eighteen  chemicals 
assayed  with  half -normal  potassium  hydroxide  V.S.,  all  of  which  are  listed  under 
normal  potassium  hydroxiae  V.S.  It  is  obvious  that  the  factors  for  the  half -normal 
solution  are  exactly  one-half  of  the  factors  for  normal  solution. 

In  preparing  these  volumetric  solutions  the  dry  chemicals  are  weighed 
on  an  appropriate  scale,  and  the  finished  standardized  solution  brought  to 
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the  exact  volume  in  an  accurately  measured  flask  (see  Fig.  21,  of  1000- 
mil  flask  on  p.  46).  The  other  apparatus  required  in  volumetric  analysis 
are  pipettes  (see  Fig.  22,  p.  46),  burettes,  which  have  just  been  described, 
and  a  number  of  chemical  flasks  of  appropriate  size. 

TERTH-NORHAL    POTASSIUM    HTDROXmE    VOLUMETRIC    SOLUTION 

KOH  -56.11         6.611  Gm.  in  1000  mils 
Condensed  Bedpe, 

Dilute  100  mils  of  exactly  normal  potassium  hydroxide  V.S.  with  enough  recently 
boiled  distilled  water  to  make  1000  mils.  It  can  also  be  made  and  standardized  directly 
with  potassium  bitartrate.  For  details  see  U.S.  P.,  p.  565»  where  directions  for  keep- 
ing are  also  given. 

Of  the  factors  given  in  the  pharmacopoeia,  four  are  for  those  chemicals  given  under 
normal  or  half-normal  potassmm  hydroxide  V.S.  These  factors  are,  of  course,  one- 
tenth  that  of  the  normal  or  one-fifth  half-normal  factors.  The  fifth  given  is  for  beta- 
eucaine  hydrochloride  and  this  is  the  molecular  weight  divided  by  10,0S9. 

HUNDREDTH-NORMAL  POTASSIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

KOH  «56.11         0.5611  Gm.  in  1000  mils 
Condensed  Recipe, 

Dilute  100  mils  of  tenth-normal  potassium  hydroxide  V.S.  with  enough  recently 
boiled  distilled  water  to  make  1000  mils.  Factors  for  potassium  bitartrate  and  for 
sulphuric  acid  are  given.  These  are,  of  course,  one-tenth  of  the  tenth-normal  factor 
or  one  one-hundredth  of  the  normal  factor. 

HALF-NORMAL  ALCOHOLIC  POTASSIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

KOH  -56.11         28.055  Gm.  in  1000  mils 
Condensed  Recipe. 

First  purify  the  alcohol  to  be  used  (freeing  it  from  aldehyde)  by  treatment  with 
silver  nitrate  followed  by  very  pure  potassium  hydroxide.  When  the  silver  has  all 
precipitated  as  hjrdroxide,  filter  the  alcohol  and  prepare  with  it  a  solution  consisting 
of  35  Gm.  potassium  hydroxide,  20  mils  of  distilled  water  and  enough  of  the  alcohcu 
to  make  1  liter.  Standardize  this  by  titration  with  potassium  bitartrate  andUioa 
dilute  with  the  purified  alcohol  to  exactly  half-normal  stren^h.  Permission  is  given 
to  standardize  tne  solution  with  half -normal  hydrochloric  acid  and  directions  are  also 
given  for  preserving  the  finished  solution.    For  details  see  U.S.  P.,  p.  567. 

The  pharmacopoeia  also  gives  the  factors  for  six  chemicals  assayed  with  half -normal 
alcoholic  potassium  hydroxide  V.S.  In  the  case  of  all  of  these,  the  factor  (grammes 
of  substance  represented  by  1  mil  of  the  half-normal  alcoholic  alkali)  is  the  molecular 
XDcight  of  the  chemical  divided  by  2000. 

NORMAL  SODIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

NaOH  « 40.01        40.01  Gm.  in  1000  mils 
Condensed  Recipe. 

Dissolve  50  Gm.  sodium  hydroxide  U.S.?.  in  enough  recently  boiled  distilled  water 
to  make  1  liter.  This  is  then  standardized  with  potassium  bitartrate  and  is  then 
diluted  in  exactly  normal  strength.  For  details  (including  the  factors  for  three 
chemicals,  which  are  the  same  as  given  under  normal  potassium  hydroxide  VjSw) 
see  U.S.P.,  p.  573). 

DOUBLE-NORMAL   SODIUM   HYDROXIDE   VOLUMETRIC  SOLUTION 

NaOH  « 40.01         80.02  Gm.  in  1000  mils 
Condensed  Recipe, 

Dissolve  90  Gm.  sodium  hydroxide  U.S.P.  in  enough  recently  boiled  distilled  water 
to  make  1  liter.  Standardize  either  with  potassium  bitartrate  or  with  normal  sul- 
phuric acid.     For  details  see  U.S.P.y  p.  573. 

TENTH-NORMAL  BARIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

Ba(OH)t+8HsO  -315.51         15.775  Gm.  in  1000  mils 
Condensed  Recipe, 

Dissolve  18  Gm.  crystallized  barium  hydroxide  in  1000  mils  of  recently  boiled  dia* 
tilled  water.  After  filtering,  standardize  with  either  tenth-normal  sulphuric  or  tenth- 
normal hydrochloric  acid  V.S*  using  phenolphthalein  as  indicator  and  dilute  with 
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freehly  boiled  distilled  water  to  exactly  tenth-normal  strength.     For  details,  including 
method  of  preservation,  see  U.S.P.,  p.  558. 

The  pharmacopoeia  gives  factors  for  six  chemicals  titrated  with  tenth-normal 
barium  hydroxide  V.S.  Oi  these,  two  are,  hydrochloric  acid  and  sulphuric  acid.  In 
the  case  of  the  other  four — ^ammonium  benzoate,  ammonium  salicylate,  benzoic 
acid  and  salicylic  acid — ^the  factor  ^grammes  of  chemical  represented  by  1  mil  of  the 
tenth-normal  solution)  is  t?ie  moUcvkir  weight  of  the  chemical  divided  by  10,000. 

OFFICIAL  CHEMICALS  ASSAYED  WITH  NORMAL  POTASSIUM  HYDROXIDE  V^ 

Hydrochloric  Add, — Accurately  weigh  about  3  mils  of  hydrochloric  acid,  dilute 
with  distilled  water  and  titrate  with  normal  potassium  hydroxide  V.S.  Indicator, 
methyl  orange.  Strength  from  31  to  33  per  cent.  HCl.  Each  mil  of  normal  KOH, 
V.S.  =0.03647  Gm.  HCl.  Each  Gm.  U.S.P.  acid  =  8.5  to  9.05  mils  normal  KOH, 
V.S.     For  details  see  U.S.P.,  p.  13. 

The  above  assay,  as  all  other  assays  of  the  present  pharmacopceia, 

omits  all  explanation  of  calculation*  of  results,  so  it  is  here  necessary  to 

state  that  the  mathematical  equation  used  in  calculating  strength  is 

mils  nKOH  used  X  proper  factor  X 100  . 

7-T-—e r  u — ^~l =  percentage. 

weight  of  assayed  chemical 

Referring  to  the  table  of  values  under  normal  Potassium  Hydroxide 
V.S.  on  p.  885,  it  will  be  seen  that  1  mil  of  the  volumetric  solution  equals 
0.03647  Gm.  absolute  hydrochloric  acid.  This  represents  the  "  proper 
factor*'  mentioned  in  the  equation  and  each  time  a  chemical  is  assayed 
with  a  volumetric  solution,  reference  to  the  table  of  factors  for  that 
solution  found  in  the  pharmacopoeia,  and  discussed  at  some  length 
on  page  883  of  this  book.  The  following  chemicals  are  assayed  by  use 
of  normal  KOH  and  the  manipulation  closely  follows  that  for  hydro- 
chloric acid  given  above.  In^each  case  an  approximate  amount  of  the 
chemical  is  taken  and  is  then  carefully  and  exactly  weighed,  the  titration 
is  then  performed  with  the  volumetric  solution,  the  proper  indicator 
telling  the  end  of  the  reaction,  the  point  where  the  acid  reaction  is  changed 
to  alkalinity.  As  noted  in  the  hydrochloric  acid  assay,  the  present 
pharmacopoeia  furnishes,  in  addition  to  the  '*  proper  factor,"  a  statement 
as  to  how  many  mils  of  the  volumetric  solution  will  be  required  to  neu- 
tralize 1  gramme  of  the  chemical  assayed.  In  the  following  table,  all 
of  the  data  suggested  above  is  presented,  but  for  other  detaUs,  such  as 
amount  of  water  required  for  dilution  or  solution  of  the  chemical,  is 
referred  to  the  pharmacopoeia  itself. 


Chemical 


Approximate 
quantity 
taken  for 
weighing 


Each   gramme   of 
chemical  corresponds 
to  mils  of  V.S. 


Indicator 
employed 


Acetic  Acid 

Diluted  Acetic  Acid 

Glacial  Acetic  Acid 

Citric  Acid 

Diluted  Hydrobromic  Acid.  . . . 

Hydrochloric  Acid 

Diluted  Hydrochloric  Acid  . . . . 

Hypophosphorous  Acid 

JMuted  Hypophosphorous  Acid 

lisctic  Acid 

Kitric  Acid 

Sulphuric  Acid 

Diluted  Sulphuric  Acid  

Tartaric  Acid 

Trichloracetic  Acid 

Potassium  Bitartrate 


6.0  mils 
25.0  mils 

2.5  mils 

3.0  mils 
20.0  mils 

3.0  mils 
10.0  mils 

7.0  mils 
25.0  mils 

2 . 5  mils 

2.0  mils 

1 . 0  mils 
20.0  mils 

3.0  Gm. 

4.0  Gm. 

6.0  Gm. 


6.0  to 
0.97  to 

16.5 

14.2 
1.17  to 

8.5  to 

2.6  to 
4.54  to 
1.44  to 
9.44  to 

10 . 63  to 

18 .  96  to 

1.94  to 

6.06  to 


6. 16  mils 

1 .  05  mils 

mils 

mils 

1 . 3    mils 

9 .  05  mils 

2.9   mils 

4.84  mils 

1 . 6   mils 

10.0   mils 

10.95  mils 

19.35  mils 

2.14  mils 

13.26  mils 

6.12  mils 

5 . 2    mils 


Phenolphthalein 
Phenolphthalein 
Phenolphthalein 
Phenolphthalein 
Methyl  orange 
Methyl  orange 
Methyl  orange 
Methyl  orange 
Methyl  oran^ce 
Phenolphthalein 
Methyl  orange 
Methyl  orange 
Methyl  orange 
Phenolphthalein 
Phenolphthalein 
Phenolphthalein 


888  PRINCIPLES    OF   PHAKMACY 

The  following  assays  with  normal  potassium  hydroxide  V.S.  are  too 
intricate  for  tabulation;  hence  are  printed  in  fairly  complete  abstract. 

Hydrated  Chloral, — Accurately  weish  about  4  Gm.  of  hydrated  chloral^  dissolve  in 
water,  add  30  mils  nKOH,  V.S.  After  standing,  titrate  the  residual  alkali  with 
bHsSOa,  V.S.  Indicator,  phenolphthalein.  Strength,  not  less  than  99.5  per  cent. 
C,HClaO  +  H,0.  Each  mU  nKOH,  V.S.«0.1664  Gm.  of  C,HC1,0  +  H,6.  Each 
Gm.  chloral  "not  less  than  6.02  mils  nKOH,  V.S. 

This  type  of  assay  is  called  a  "residual  assay."  It  will  be  noted 
that  the  chloral  hydrate  is  treated  with  a  known  excess  of  normal  alkali, 
which  is  partly  used  up  in  converting  the  chloral  into  chloroform.  The 
excess  of  alkali,  that  not  used  in  spUtting  up  the  chloral,  is  then  titrated 
with  normal  acid.  If  exactly  4  grammes  of  hydrated  chloral  were 
taken  and  the  excess  alkali  took  6  mils  of  normal  acid  for  neutraUzation, 
then  it  means  that  30— 6  or  24  mils  of  nKOH  were  used  by  the  hydrated 
chloral.  If,  as  stated  above  each  gramme  of  hydrated  chloral  corre- 
sponds to  6.02  mils  of  nKOH  then  it  follows  that  the  24  mils  used  in  the 
reaction  meant  4  grammes  of  hydrated  chloral. 

Solution  of  Formaldehyde, — ^Accurately  weigh  about  3  mils  of  solution  of  formalde- 
hyde dilute  with  water  and  then  add  50  mils  nKOH,  V.S.,  followed  by  50  mils  of 
a  neutral  solution  of  hydrogen  dioxide.  After  oxidation  is  complete,  titrate  with 
nHaS04,  V.S.  Indicator,  litmus  T.S.  Strengtth,  not  less  than  37  per  cent.  HCHO. 
Each  mil  KOH.  VS. -0.03002  Gm.  HCHO.  TSach  Gm.  HCHO  « 12.3  mils  nKOH, 
V.S.    For  details  see  U.S.P.,  p.  245. 

The  principle  of  this  assay  is  that  formaldehyde  is  oxidized  by  hydro- 
gen dioxide  to  formic  acid  and  this  acid  is  then  neutralized  by  titration 
with  nKOH.    The  same  method  is  employed  in  assaying. 

Paraformaldehyde, — For  details  see  U.S.P.,  p.  310. 

Aromatic  Sulphuric  Acid. — ^Accurately  weigh  10  mils  of  this  acid,  dilute  with  water 
and  boil  the  liquid  for  six  hours  in  a  flask  provided  with  a  reflux  condenser.  Then 
cool,  dilute  with  water  and  titrate  with  nKOH.  V.S.  Strength,  10  to  21  per  cent. 
HsSO^.  Each  mil  nKOH,  V.S.  ==0.049045  Gm.  HsS04.  Each  Gm.  aromaUc  acid  » 
3.87  to  4.28  mils  nKOH,  V.S.     For  details  see  U.S.P.,  p.  25. 

The  object  of  boiling  the  aromatic  acid  with  water  is  to  insure  the 
breaking  up  of  the  ethyl  sulphates  into  the  free  sulphuric  acid. 

OFFICIAL  CHEMICALS  ASSAYED  WITH  RORBXAL  SODIUM  HYDROXIDE  V.  S. 

Boric  Acid, — Accurately  weigh  about  2.5  Gm.  well-dried  boric  acid,  dissolve  in 
water,  add  50  mils  of  glycerin  and  titrate  with  nNaOH,  V.S.  Indicator,  ph^iol- 
phthalein.  Strength,  not  less  than  99.5  percent.  HtBOs.  Each  mil  nNaOH,  V.S. « 
0.06202  Gm.  H,BO,.  Each  Gm.  boric  acid  » 16.04  mils  nNaOH,  V.S.  For  details 
see  Ij.S.P.,  p.  9. 

While  the  direct  titration  of  boric  acid  with  alkalies  does  not  give 
satisfactory  results,  the  addition  of  glycerin  as  suggested  in  the  assay 
just  given  furnishes  accurate  figures. 

OFFICIAL  CHEMICALS  ASSAYED   WITH  TENTH-NORMAL  BARIUM   HYDROXIDB   V.S. 

Benzoic  Add. — Accurately  weigh  about  0.5  Gm.  well-dried  bensoic  acid,  dissolve 
in  25  mils  of  neutral  diluted  alcohol  and  titrate  with  n/10  Ba(OH)s,  V.S.  Indicator, 
phenolphthalein.  Strength,  not  less  than  09.5  per  cent.  HCrHtOt.  Each  mil  n/10 
Ba(OH)i,  V.S.  =0.012205  Gm.  HCtHrO,.  Each  Gm.  citric  acid -81.5  mils  n/10 
Ba(OH),,  V.S.     For  details  see  U.S.P.,  p.  8. 

Salicylic  Acid. — Exactly  as  in  the  assay  for  benzoic  acid,  except  that  1  gramme  of 
the  acid  requires  71.9  mils  of  the  Ba(OH)i,  V.S. 

Ammonium  Bemoate. — Weigh  accurately  about  0.5  Gm.  of  the  well-dried  bemoate, 
dissolve  in  water,  acidulate,  shake  out  with  three  portions  of  chloroform.     Evaporate 
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the  chloroformic  extract,  dissolve  the  residue  in  neutral  diluted  alcohol  and  titrate 
with  n/10  Ba(0H)2,  V.o.  Indicator,  phenolphthalein.  Strength,  not  less  than  98 
per  cent.  NH4C7H»Oi.  Each  mil  n/10  BaCOH)^.  V.S. -0.013908  Gm.  NH4C7H|Ot 
E^h  Gm.  benzoate«70.6  mils  Ba(0H)2,  V.S.     For  details,  see  U.S.P.,  p.  42. 

Ammonium  Salicylate. — Exactly  as  in  the  assay  for  ammonium  benzoate,  except 
that  1  gramme  of  the  salicylate  requires  63.2  mils  of  Ba(OH)i,  V.S. 

OFFICIAL  CHEinCAL  ASSAYED  WTTH  TENTH-NORMAL  POTASSIUM  HYDROXIDE,  V.  S. 

Belaeucaine  Hydrochloride. — Accurately  weigh  0.5  Gm.  of  the  well-dried  hydro- 
chloride in  100  mils  of  neutral  alcohol,  and  titrate  with  n/10  KOH,  V.S.  Indicator, 
phenolphthalein.  Strength,  not  less  than  99  per  cent.  C16H21NO1HCI.  Each  mil 
n/10  KOH,  V.S.  =0.0283  Gm.  CuHnNCHGl.  Each  Gm.  U.S. P.  hydrochloride - 
34.9  mils  n/10  KOH,  V.S.     For  details  see  U.S.P.,  p.  77. 

OFFICIAL  CHEMICALS  ASSAYED  WITH  NORMAL  SULPHURIC  ACID,  V.S. 

Ammonia  TTa/er.— Accurately  weigh  about  5  mils  of  ammonia  water,  dilute  with 
water  and  titrate  with  nHsSOi,  V.S.  Indicator,  litmus  or  methyl  orange  T.S. 
Strength,  9.5  to  10.5  per  cent.  NH,.  Each  mil  nHxSOi,  V.S. « 0.01703  Gm.  NHt. 
Each  Gm.,  U.S.P.,  ammonia  waters 5.57  to  6.16  mils  nHsSOi,  V.S.  For  details 
see  U.S.P.,  p.  53. 

The  following  chemicals  are  assayed  by  use  of  normal  H2SO4  and  an 
outline  of  the  manipulation,  having  such  details  as  amount  of  water  used 
(for  which  the  student  should  refer  to  the  pharmacopoeia)  is  given  below. 


Chemical 


ApprozimAte 

quantity 

taken  for 

weighing 


Each  gramme  of 
ohemieal  eorreeponds 
to  mile  of  V.S. 


Indicator 
employed 


Stronger  Ammonia  Water 

Potassium  Bicarbonate 

Potassium  Carbonate 

Sodium  Bicarbonate 

Monohydrated  Sodium  Carbonate 


2  mils 

4  Gm. 
3Gm. 

3  Gm. 
2.5  Gm. 


15.85  to  17.02 

9.9  mils 
14.33  mils 
11.78  mils 
16.05  mils 


Litmus  or  methyl 
orange 

Methyl  orange 
Methyl  orange 
Methyl  orange 
Methyl  orange 


The  following  chemicals  are  assayed  with  normal  H2SO4  by  ''residual 
titration;"  that  is,  the  chemical  is  dissolved  in  a  known  excess  of  the 
normal  acid  V.S.  and  the  solution  is  then  titrated  with  normal  KOH. 
Thus  in  the  case  of  lithium  carbonate  (see  U.S.?.,  p.  258)  we  start  in  with 
50  mils  nH2S04  which,  of  course,  would  require  50  mils  nKOH  for  neutrali- 
zation. If  we  start  in  with  exactly  1.5  Gm.  Uthium  carbonate  and  dis- 
solve this  in  50  mils  nH2S04  and  if  on  titration  10  mils  nKOH  are  re- 
quired for  neutraUzation,  it  follows  that  50— 10  or  40  mils  nHjSOi  were 
used  to  neutralize  1.5  gm.  lithium  carbonate.  Now  the  official  assay 
states  that  each  gramme  of  the  carbonate  requires  26.7  mils  nHsS04; 
the  1.5  grammes  of  our  carbonate  took  40  mils  nH2S04;  hence  the  real 


Chemical 

*.ir.n  #;.!.         obemioai  corresponds 

1 

Indioator 

Ammonium  Carbonate 

Magma  of  Magnesia 

2.0  Gm. 
5.0  Gm. 
1.0  Gm. 
0.5  Gm. 
1.0  Gm. 
1.5  Gm. 

17.6    to  18.8  mils 
2.23  to  2.57  mils 
19.44  mils 
47.62  mils 
16.79  mils 
24.3    mils 

• 

Methyl  orange 
Methyl  orange 
Methyl  orange 
Methyl  orange 
Methyl  orange 
Methyl  orange 

Magnesium  Ciu-bonate 

Magnesium  Oxide 

Zinc  Carbonate 

Zinc  Oxide 
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value  of  our  carbonate  is  40 -^  26.7.  Finish  the  calculation  and  see 
how  close  to  the  original  weight  the  quotient  is.  Other  chemicals  assayed 
by  "residual  titration"  with  nH2S04  and  nKOH  are  tabulated  below. 
For  details  see  U.S.P. 

In  the  case  of  the  magnesium  carbonate  and  oxide,  the  present  of  traces 
of  the  corresponding  ctJcium  compounds  are  taken  into  consideration. 
The  following  assay  present  unusual  features  which  are  summarized 
below. 

Solution  of  Ammonium  Acetate. — ^Accuratel^r  weigh  about  25  mils  of  the  solution, 
make  alkaliae  with  potassium  hydroxide  solution  and  distil  the  liberated  ammonia 
into  50  mils  nH8S04,  V.S.  After  the  distillation,  titrate  the  residual  acid  with  nKOH, 
V.S.  Indicator,  methyl  orange.  Strength,  not  less  than  7  j)er  cent.  NH4CtHsOs. 
Each  mil  nHi^SO**  0.07707  Gm.  NH^CjHaOj.  Each  Gm.  U.S.P.  solution  =  at  least 
0.91  mil  nHsSO*,  V.S.     For  details,  see  U.S.P.  p.  237. 

OFFICIAL  CHEBXICALS  ASSAYED  WITH  HALF-I70RISAL  SULPHURIC  ACID  V.S. 

This  reagent  is  used  in  assa3dng  the  alkali  salts  of  organic  acids  and 
the  manipulation  is  described  in  the  pharmacopoeia  (Part  II,  Test  6). 
The  test  may  be  summarized  as  follows: 

Oudine  of  Assay  for  Alkali  Salts  of  Oraanic  Acids. — Accurately  weigh  about  2 
grammes  of  the  salt,  then  carbonize  at  red  heat,  then  extract  the  carbonised  mass 
with  n/2  H2SO1,  V.S.  properly  diluted  and  titrate  the  filtrate  with  n/2  KOH,  V.S,, 
using  methyl  orange  as  indicator.  From  the  number  of  mils  of  n/2  KOH,  V.S.  used, 
the  number  of  mils  of  n/2  HsS04,  V.S.  can  be  deduced  and  this  number  times  the  fac- 
tor for  the  particular  salt  in  question,  will  give  the  amount  of  absolute  salt  in  the 
saniple  examined.     For  details  see  U.S.P.,  p.  689. 

Caffeine  Sodio-henzoate  is  assayed  for  sodium  benzoate  by  this  method ;  the  phar- 
macopoeia directing  that  the  benzoate  content  must  be  between  50  and  54  oer  cent . 

The  following  chemicals  are  similarly  tested: 


Chemical 

Each  gramme  of  chemical  oorreaponds 
to  mils  of  V.S. 

Solution  of  Potassium  Citrate 

1.57  mils 

Lithium  Citrate 

21.0   mils 

Potassium  Acetate 

20 . 2    mils 

Potassium  Citrate 

18.3    mils 

Potassium  and  Sodium  Tartrate 

14.03  to  14.73  mils 

Sodium  Acetate 

14.62  to  15.32  mils 

Sodium  Benzoate 

13.72  mils 

Sodium  Citrate 

20.0   mils 

Sodium  Salicylate 

12.43  mils 

Seidlitz  Powder  is  assayed  with  half-normal  sulphuric  acid  both  for 
sodium  bicarbonate  and  for  potassium  and  sodium  tartrate.  The  first 
assay  is  a  residual  titration;  while  the  second  one  is  the  one  prescribed 
for  alkali  salts  of  organic  acids.     Both  are  outlined  below. 

Compound  Effervescing  Powder. 

Assay  for  Sodium  Bicarbonate. — Dissolve  2  grammes  of  the  contents  of  the  blue 
paper  in  water,  add  20  mils  of  n/2  H2SO4,  V.S..  boil  until  about  one-half  of  the  original 
volume  remains,  then  titrate  the  excess  of  acid  with  n/2  KOH,  V.S. ;  using  phenmph- 
thalein  as  indicator.     Strength,  23  to  27  per  cent.  NaHCOa. 

Each  mil  n/2  HsSOi,  V.S. » 0.0420  Gm.  NaHCOa.  Each  Gm.  seidlitz  mixture 
«5.28  to  6.43  mils  n/2  H2SO4,  V.S. 

Assay  for  Potassium  and  Sodium  Tartrate. — Treat  2  grammes  of  the  contents  of 
the  blue  paper  as  directed  in  the  assay  for  alkali  salts  of  organic  acids.  (See  abovci) 
Assay  should  show  73  to  78  per  cent.  KNaCiHiOs. 
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OFFICIAL  CHEMICALS  ASSATED  WITH  TENTH-NORMAL  SULPHURIC  ACID 

SoltUion  of  Calcium  Hydroxide, — Titrate  50  mils  of  the  solution  with  n/10 
HsS04y  V.S.  Indicator,  phenolphthalein.  Strength,  not  less  than  0.14  per  cent. 
Ca(OH),. 

Each  mil  n/10  HjSO*,  V.S.«0.0037  Gm.  Ca(0H)2.  Each  mil  U.S.P.  solution 
=0.38  mil  n/10  H^Oi,  V.S.     For  details  see  U.S.P.,  p.  239. 

Zinc  Stearate, — Accurately  weigh  about  1  Gm.  zmc  stearate,  boil  with  50  mils 
n/10  H}S04,  V.S.  for  ten  minutes  and  then  cool.  Titrate  excess  of  acid  with  n/10 
KOH,  V.S.     Indicator,  methyl  orange.     Strength,  13  to  15.5  per  cent.  ZnO. 

Each  mil  n/10  H^SOi,  V.S.  =0.00406  Gm.  ZnO.  Each  Gm.  U.S.P.  stearate  -32 
to  38.1  mils  n/10  HjSG^,  V.S.    For  details  see  U.S.P.,  p.  494. 

OFFICIAL  CHEMICALS  ASSAYED  WITH  NORMAL  HYDROCHLORIC  ACID  V.S. 

Potaa^um  Hydroxide. — Accurately  weish  about  10  Gm.  potassium  hydroxide, 
dissolve  in  water,  add  barium  chloride  solution,  to  precipitate  sulphates  and  car- 
bonates, fUter  ana  titrate  exactly  one-fifth  of  the  filtrate  with  nHCl,  V.S.  Indicator, 
phenolphthalein.     Strength,  at  least  85  per  cent.  KOH. 

Each  mil  nHCl.  V.S.  =0.05611  Gm.  KOH.  Each  Gm.  U.S.P.  hydroxide -15.15 
mils  nHCl,  V.S.     For  details,  see  U.S.P.,  p.  339. 

Resembling  the  assay  just  given  are  the  following: 


Chemical 

Approximate 

quantity 

taken  for 

weighing 

Each   gramme   of 

chemical  corresponds 

to  miJa  of  V.S. 

Indicator 

Solutionof  Potassium  Hydroxide 
Sodium  Hydroxide 

20  Gm. 
10  Gm. 
20  Gm. 

0.8  mil 
22 . 5  mils 
1 .  12  mils 

Phenolphthalein 
Phenolphthalein 

Solution  of  Sodium  Hydroxide . 

Phenolphthalein 

The  assays  for  borax  and  for  sodium  cacodylate  are  simple,  direct 
titrations.     These  may  be  summarized*  as  follows: 

Sodium  Boraie. — Accurately  weigh  about  5  Gm.  sodiiun  borate,  dissolve  in  water 
and  titrate  with  nHCl,  V.S.  Indicator,  methyl  orange.  Strength,  52.32  to  54.92 
per  cent.  NasB^O?. 

Each  mil  nHq,  V.S.  =0.1010  Gm.  NaiB407.  Each  Gm.  U.S.P.  borate  «5.18 
to  6.44  mils  nHCl,  V.S.     For  details  see  U.S.P.,  p.  385. 

.Sodium  Cacodylate, — ^Accurately  weigh  about  2.5  Gm.  sodium  cacodylate,  neutralize 
the  solution  and  titrate  with  nHCl,  V.S.  Indicator,  methyl  orange.  Strength,  72  to 
75  per  cent.  Na(CHa)2As02. 

E^ach  mil  nHCl,  V.S.  «0.1600  Gm.  Na(CH,),As02.  Each  Gm.  U.S.P.,  cacodylate 
=  4.5  to  4.69  Gm.  nHCl,  V.S.     For  details  see  U.S.P.,  p.  386. 

OFFICIAL  CHEBXICALS  ASSAYED  WITH  HALF-NORBIAL  HYDROCHLORIC  ACID  V.S. 

Slrcrdium  Salicylate. — Accurately  weigh  2  Gm.  well-dried  strontium  salicylate, 
carbonize  at  red  heat,  extract  carbonized  residue  with  30  mils  n/2  HCl,  V.S.  and  then 
titrate  the  filtrate  with  nKOH,  V.S.  Indicator,  methyl  orange.  Strength,  at  least 
99  per  cent.  Sr(C7H*03)2+2H,0. 

Ea^h  mil  n/2  HCl,  V.S.  =0.99435  Gm.  Sr^CTHsO,),  +2H2O.  Each  Gm.  U.S.P. 
.salicylate  =9.96  mils  n/2  HCl,  V.S.     For  details  see  U.S.P.,  p.  414. 

^cdcium  Lactate. — Accurately  weigh  about  2  Gm.  lactate,  incinerate,  dissolve  the 
residue  in  50  mils  n/2  HCl  V.S.  and  titrate  the  acid  liquid  with  n/2  KOH,  V.S. 
indicator,  methyl  orange.     Strength,  not  less  than  98  per  cent.  Ca(C3H60s)s. 

Elach  mil  n/2  HQ,  V.S.  =  0.05454  Gm.  CaCCaHsOj)*.  Each  Gm.  U.S.P.  lactate  = 
17.^7  mils  n/2  HCl  V.S.     For  details  see  U.S.P.,  p.  94. 

lODOMETRY 

By  this  term  we  mean  those  volumetric  assays  in  which  we  use 
v^oltzmetric  solution  of  iodine  or  volumetric  solution  of  sodium  thio- 
3\ilpli*^te,  or  both. 
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As  already  explained  (p.  378),  iodine  in  solution  is  decolorized  by 
use  of  sodium  thiosulphate,  and  this  decoloration,  like  all  chemical 
actions,  takes  place  between  definite  proportions  of  the  two  chemicals, 
the  equation  being: 

It     +    2Na,SiO,5H,0     =     2NaI     -h     NajSiO.     -h     10H,O. 
2X126.92        2X248.22 
or  253.84         or  496.44 

We  see  from  this  equation  that  263.84  Gm.  iodine  take  496.44  Gm. 
crystallized  sodium  thiosulphate  to  complete  the  reaction — to  com- 
pletely decolorize  it.  Therefore,  if  we  prepare  a  decinormal  iodine 
solution  (12.69  Gm.  to  the  liter),  we  can  calculate  that  this  12.69  Gm. 

iodine  will  take  r^^^r^  X496.44  =  24.82  Gm.  sodium  thiosulphate,  which 

^Oo.o4 

amount  is  exactly  the  quantity  needed  to  make  1  liter  of  decinormal 
sodium  thiosulphate  solution.  Hence  equal  volumes  of  the  two  deci- 
normal solutions  exactly  react  with  each  other. 

In  titrating  iodine  solution  with  thiosulphate  solution  we  either 
add  the  thiosulphate  solution  imtil  the  brown-yellow  color  of  the  iodine 
is  discharged,  or,  better  still,  we  use  as  indicator  starch  mucilage,  which 
we  have  already  learned  strikes  a  deep  blue  color  with  iodine  (p.  378). 
The  moment  all  the  iodine  in  a  given  solution  is  taken  up  by  the  thio- 
sulphate, the  blue  color  is  discharged. 

Were  the  sole  use  of  iodine  solution  and  thiosulphate  solution  the 
estimation  of  the  strength  of  these  two  chemicals,  the  value  of  iodome- 
try  would  be  limited.  Far  more  extended,  however,  is  its  application, 
because  of  the  fact  that  iodine,  when  treated  with  reducing  agents,  is 
converted  into  hydriodic  acid  or  iodides,  as  shown  in  the  following 
equations: 

(a)  I,     +     S0»    +    2H,0     «     2HI     +     H«S04. 

Sulphurous  oxide.     Hydriodio  Sulphuric 

Mid.  aoid. 

(6)  21,     +     AS2O3     +     2H,0     «     4HI     4-     AsjO., 

Araenous  Anenio 

oxide.  oxide. 

(c)  I,     +     Fe     =     lel,, 

and  thus  loses  its  ability  to  color  starch  mucilage  blue.  Hence  if  we 
treat  a  known  excessive  quantity  of  iodine  solution  with  any  of  the 
reducing  agents  just  mentioned,  by  titrating  the  excess  of  iodine  remain- 
ing after  the  reaction  with  thiostdphate  solution,  we  can  calculate  how 
much  iodine  was  used  by  the  reducing  chemical  and  thus  estimate  the 
amount  of  chemical  itself. 

On  the  other  hand,  potassium  iodide  when  trea:ted  with  oxidiring 
agents  liberates  a  proportional  quantity  of  its  iodine,  as  is  shown  in  the 
following  equations: 

(d)  KI     +     Br     =     KBr     +     I. 

(e)  KI     4-     CI     =     KCl     +     I. 

(/)  3KI    +     CrOa     +    6HC1     =     CrCl,     +    3KC1     +     3HfO     +     !•. 

Chromic 
oxide. 

{g)  KI     +     FeCls     =     FeCl,     -{-     KCl     +     I. 

Ferric 
chloride. 

and  by  titrating  this  liberated  iodine  with  thiosulphate  solution  the 
amount  of  the  oxidizing  agent  can  be  deduced. 
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The  pharmacopoeial  preparation  of  decinormal  iodine  solution  and 
of  decinormal  thiosulphate  solution  are  given  below. 

TENTH-NORKAL   IODINE   VOLUMETRIC  SOLUTION 

I  ^  126.92     12.692  Gm.  in  1000  mils 
Condensed  Recipe. 

Either  dissolve  exactly  12.602  Gm.  purified  iodine  in  a  solution  of  18  Gm.  potassium 
iodide  in  300  mils  of  distilled  water;  finally  diluting  to  1000  mils.  Or,  dissolve  about 
14  Gm.  iodine  U.S.P.  in  a  solution  of  potassium  iodide  and  water;  diluting  the  solution 
to  1000  mils.  In  the  latter  case,  the  iodine  solution  is  standardized  with  tenth-normal 
sodium  thiosulphate  solution  (see  p.  892)  and  is  then  diluted  to  exactly  tenth-normal 
strength.     For  detaib  see  U.S.P.,  p.  561. 

The  pharmacopoeia  gives  equivalent  factors  for  sixteen  chemicals  assayed  with 
tenth-normal  iodine  V.S.  In  the  case  of  five  of  these,  mercurous  chloride,  HgGl;  mer- 
curous  iodide,  Hgl;  mercunr  (^'ous"  form)  H^;  and  sodium  thiosulphate  (anhydrous 
and  crystalline)  the  factor  (grammes  of  chemical  represented  by  1  mil  of  tenth-nor- 
mal iodine)  is  fhe  molecvlar  weight  of  the  chemical  dimded  by  10,()00. 

In  the  case  of  six  of  the  chemicals — antimony  and  potassium  tartrate  K(9bO)- 
CiHiOs+HHtO:  arsenic  iodide,  Asia;  potassium  sulphate,  KsS04+2HtO:  sodium 
bisulphite,  NaHSOst  sodium  sulphate,  NaiSOa;  and  sulphur  dioxide,  SOs — ^tne  factor 
is  the  molecylar  weight  divided  by  20,000;  with  iron  (in  ferrous  compounds  and  arsenic 
&Q  compounds)  the  factor  is  the  atomic  weight  divided  by  20j000;  in  the  case  of  arsenic 
trioxide  AssOs  and  of  calcium  sulphide,  OaS,  the  factor  is  molectdar  weight  divided 
by  40,000;  while  in  the  case  of  acetone  (CHs)iCO,  the  factor  is  the  molecular  weight 
divided  by  60,000. 

TERTH-NORHAL  SODIUM  THIOSULPHATE  VOLUMETRIC  SOLUTION 

NasSsOs  +5HtO  »248.22     24.822  gm.  in  1000  mils 
Condensed  Recipe. 

Dissolve  about  30  Gm.  sodium  thiosulphate  in  enough  distilled  water  to  make 
1  liter,  standardize  the  solution  by  titration  with  tenth-normal  potassium  dichro- 
mate  V.S.,  potassium  iodide  and  sulphuric  acid  (see  below)  and  then  dilute  the  solu- 
tion, so  that  each  mil  corresponds  with  one  mil  of  the  dichromate  solution.  For 
details,  including  preservation  of  solutions,  see  U.S.  P.,  p.  574.  The  pharmacopceia 
fdves  factors  for  thirteen  chemicals  assayed  with  tenth-normal  sodium  thiosulphate  V.S. 
These  include  four  elements — chlorine,  bromine,  iodine  and  ferric  iron — the  factor 
(grammes  of  chemical  represented  by  I  mil  of  the  thiosulphate  solution)  is  the  atomic 
weiahi  divided  by  10.000;  two  compounds — copper  sulphate  (anhydrous  and  crystalline) 
— the  factor  for  wnich  is  the  molecvlar  weight  divided  by  10,000;  three — ^lead  peroxide 
and  sodium  arsenate  (anhydrous  and  crystalline) — the  factor  for  which  is  the  molecular 
toeigfU  divided  by  20,000;  one — chromium  trioxide — ^the  factor  for  which  is  the  molecular 
u)eight  divided  by  30,000;  two — potassium  bromate  and  potassium  dichromate — ^the 
factor  for  which  is  trie  molecular  weight  divided  by  60,000  and  lastly,  one — ^the  iodine 
content  of  thymol  iodide — ^where  a  special  value  obtains. 

TWO-HUnDREDTH-NORHAL  SODIUM  THIOSULPHATE  VOLUMETRIC  SOLUTION 

NasS,0,+5H,0  »248.22     1.2411  Gm.  in  1000  mils 

Candenaed  Recipe, 

rHlute  25  mils  of  tenth-normal  sodium  thiosulphate  V.S.  with  enough  distilled 
water  to  make  a  liter.  This  solution  may  be  standardized  with  tenth-normal  potas- 
sium dichromate  V.S.,  potassium  iodide  and  sulphuric  acid.  For  details  see  U.S.P., 
p.  675. 

The  pharmacopoeia  gives  the  equivalent  factor  for  elemental  iodine  and  for  iodine 
from  thyroid  glands.  The  figures  are  obviously  one-twentieth  the  factors  for  the 
tenth-normal  uiiosulphaie  solution. 

The  arithmetic  of  the  standardization  of  the  tenth-normal  thiosul- 
phate solution  is  worthy  of  explanation. 

On  p.  892  (equation  /)  we  find  that  chromium  trioxide  liberations  io- 
dine from  potassium  iodide.  Potassium  dichromate  in  acid  solution  does 
likewise,  the  equation  being 

KjCriOi  +  6KH-  CH^O*  -  C5r,(S0«),  +  3K,S04  -h  6H,0  -h  31, 

294.20  6  X  126.9 
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From  this  equation,  we  learn  that 

6  X  126.9  Gm.  I 
126.9  Gm.  I 
12.69  Gm.  I 
Hence  1000 mil  n/lOiodine  (12.69 Gm.  to  the  liter) 

1  mil  n/10  iodine 


294.20  Gm.  KtCrtOT 
49.033  Gm.  KiCrsO, 
4.9033  Gm.  K,CrtOT. 
4.9033  Gm.  KsCrtOT 
0.0049033  Gm.  KtCrtOr. 


As  1  mil  of  tenth-normal  thiosulphate  V.S.  is  necessary  to  decolorize 
1  mil  of  tenth-normal  iodine  V.S.  and  as  1  mil  of  tenth-normal  dichromate 
V.S.  contains  0.0049033  Gm.  K2Cr207,  it  follows  that  in  the  thiosulphate 
assay  each  mil  of  an  exactly  tenth-normal  thiosulphate  V.S.  corresponds 
to  1  mil  of  tenth-normal  dichromate  V.S. 

OFFICIAL  DIRECT  ASSAYS  WITH  TENTH-NORMAL  SODnXH  THIOSULPHATE  V.S. 

Iodine, — Accurately  weigh  about  0.5  Gm.  powdered  iodine  and  dissolve  in  an 
aqueous  solution  of  potassium  iodide.  Dilute  this  with  water  and  titrate  with  n/10 
thiosulphate  V.S.  Indicator,  starch  paste.  Strength,  99.5  per  cent.  I.  Each  mil  n/ 10 
NasSiO^  V.S.  =0.01269  Gm.  I.  Each  Gm.  U.S.?.  iodine  =78.4  miU  NaiS,Oi.  V.S. 
For  details  see  U.S.P.,  p.  229. 

Like  the  foregoing  are  run. 

Tindure  of  Iodine. — Five  mils  are  taken  (not  weighed).  This  amoimt  should  take 
from  25.6  to  29.55  mils  of  V.S. 

Compound  Solution  of  Iodine. — Ten  grammes  are  taken  and  are  accurately  weighed. 
Each  gnunme  sho\ild  take  3.8  to  4.0  mils  of  V.S. 

OFFICIAL  DIRECT  ASSAY  WITH  TENTH-NORMAL  IODINE  V.S. 

't 

Sodium  Thiosulphate. — Accurately  weigh  about  1  Gm.  sodium  thiosulphate,  dis- 
solve in  distilled  water  and  titrate  with  n/10  iodine  V.S.  Indicator,  starch  paste. 
Strength,  63.07  to  67.48  per  cent.  Na«SsO<.  Each  mil  n/lOiodine  V.S.  >0.015814  Gm. 
NaaStOs.  Each  Gm.  U.S.P.  thiosulphate  « 39.9  to  42.7  mils  n/10  iodine  V.S.  For 
details  see  U.S. P.,  p.  401. 

In  the  assays  which  follow  the  chemical  or  preparation  is  titrated 
directly  with  n/10  iodine  V.S.  The  first  two  are  given  in  detail,  while 
last  three  are  tabulated.     For  details  concerning  these  see  U.S.P. 

Arsenic  Trioxide. — Accurately  weigh  about  0.2  Gm.  well-dried  arsenic  trioxtde. 
dissolve  in  boiling  water  with  the  aid  of  sodium  hydroxide  solution.  Garefullv  neu- 
tralize the  arisenical  solution ;  add  2  Gm.  sodium  bicarbonate  and  then  titrate  with  n/10 
I.  V.S.     Indicator,  starch  paste.      Strength,  at  least  99.8  per  cent.  AssOa. 

Each  mU  n/10  I.  V.S.  «  0.004948  gm.  As20«. 

Each  Gm.  U.S.?.  oxide  =  210.7  nSa  n/10  I,  V.S. 

Solution  of  Araenoue  Acid. — Accurately  weish  about  20  mils  of  the  solution  dilute, 
with  water,  add  2  Gm.  sodium  bicarbonate  and  titrate  with  n/10  iodine  V.S.  Indi- 
cator, starch  paste.     Strength,  0.975  to  1.025  per  cent.  AstOa. 

Each  mil  n/10  iodine  \^S.  «  0.004948  Gm.  AsiOc 

Each  Gm.  U.S.P.  solution  » 1.97  to  2.07  mils  n/10  iodine  V.S.  For  details  see 
U.S. P.,  p.  237. 


Chemical  (to  all,  sodium  bicarbon- 
ate are  added) 


Antimony       and       Potassium 

Tartrate. 
Solution  of  Arsenic  and  Mercuric 

Iodide. 
Solution  of  Potassium  Arsenite. 


Approximate 

quantity 

taken  for 

weighing 


0.5  Gm. 

25.0  Gm. 
20.0  Gm. 


Each   gramme   of 

chemical  corresponds 

to  mils  of  V.S. 


59.3  mils 

0.42  to  0.46  mils 
1.97  to  2.07  mils 


Indicator 


Starch  paste 

Starch  pasta 
Starch  paste 


1 


The  following  are  residual  titratioos,  a  definite  excess  of  n/10  iodine 


QUANTITATIVE    ANALYSIS  895 

V.S.  being  employed  and  the  surplus  of  free  iodine  remaining  after  the 
reduction  reaction  is  then  titrated  with  n/10  thiosulphate  V.S.  Taking 
as  tangible  example,  the  assay  for  exsiccated  sodium  sulphite  given  below, 
if  we  take  exactly  0.3  gramme  of  that  chemical,  treat  it  with  50  mils  of 
n/10  iodine  V.S.  and  find  on  residual  titration  that  the  excess  iodine 
requires  7.2  mils  n/10  thiosulphate  V.S.  for  decolorization,  it  means  that 
50  —  7.2  or  42.8  mils  n/10  iodine  V.S.  were  used  for  reducing  0.3  gramme  of 
the  sulphite.  Compare  this  result  w^ith  the  number  of  mils  of  n/10 
iodine  required  to  decolorize  1  gramme  of  sulphite. 

Exsiccated  Sodium  Sulphite. — Accurately  weigh  about  0.3  Gm.  exsiccated  sulphite, 
and  add  it  to  50  mils  n/10  iodine  V.S.  After  complete  solution,  titrate  with  n/10  Nat- 
SfOj,  V.S.    Indicator,  starch  paste.     Strength,  at  least  90  per  cent.  NasSOa. 

Each  mil  n/10  iodine  V.S.  =0.006304  Gm.  Na«SjO,. 

Each  Gm.  U.S.P.    sulphite  =  142.8    mils    n/10  iodine    V.S.     For   details    see 
U.S.P.,  p.  400. 

Mild  Mercurous  Chloride. — Accurately  weigh  about  1  Gm.  well-dried  chloride,  and 
mix  it  with  water  and  then  with  50  mils  n/10  iodine  V.S.  to  which  a  solution  of  potas- 
sium iodide  has  been  added.  After  complete  solution  has  taken  place,  titrate  with 
n/10  NasSsOs,  V.S.  Indicator,  starch  paste.  Strength,  at  least,  99.6  per  cent. 
HgCl.    Each  mil  n/10  iodine  V.S. « 0.0236  Gm.  HgCI. 

Each  Gm.  U.S.P.  chloride  =  42.2  mils  n/10  iodine  V.S.  For  details,  see  U.S.P.  p.  216 

OFFICIAL  OXIDATION  ASSAYS  WITH  TENTH-NORMAL  SODIUM  THIOSULPHATE  V.S. 

Yellow  Mercurous  Iodide. — ^Like  calomel.  One  gramme  corresponds  to  30.2  mils 
V.S. 

Mercuric  Salicylate. — Accurately  weigh  about  0.5  Gm.  mercuric  salicylate  and 
dissolve  it  by  digestion  in  a  mixture  of  sulphuric  and  nitric  acids.  Dilute  the  solution 
with  water^  oxidize  it  with  solution  of  hydrogen  dioxide,  then  add  diluted  hypophos- 
phorous  acid,  and  sodium  chloride.  Collect  and  wash  the  resulting  precipitate,  then 
transfer  it  to  a  flask  add  50  mils  n/10  I. V.S.  and  an  aqueous  solution  of  potassium 
iodide.  After  the  precipitate  has  dissolved,  titrate  the  mixture  with  n/10  NafijOi^V.S. 
Strength,  54  to  59.5  per  cent.  Hg.  Each  mil  n/10  iodine  S.  «0.0200  Gm.  Hg.  Each 
Gm.  U.S.P.  salicylate  =  26.9  to  29.7  mils  n/10  iodine  V.S.  For  details  see  U.S.P., 
p.  219. 

The  following,  while  a  residual  reduction  assay  with  n/10  iodine  V.S. 
is  so  complex  that  an  outline  of  the  pharmacopoeia!  text  is  given.  It  de- 
pends upon  the  precipitation  of  the  sulphide  as  cadmium  sulphide  and  the 
titration  of  this  precipitate  with  n/10  iodine  V.S. 

Crude  Calcium  Sulphide. — Accurately  weigh  about  0.2  Gm.  crude  sulphide,  mix  it 
with  distilled  water  and  with  10  per  cent,  ammonium  chloride  solution.  After  shaking 
add  10  per  cent,  cadmium  chlonde  solution  and  again  shake.  Then  add  acetic  acio, 
w-arm  on  a  water-bath  for  fifteen  minutes,  after  which  collect,  and  wash  the  resulting 
precipitate^  which  is  then  mixed  with  50  mils  of  n/10  iodine  V.S.  and  with 
hydrochloric  acid  and  water.  Finally  titrate  the  excess  of  iodine  with  n/10 
Na^SjOs,  V.S.    Strength,  at  least  55  per  cent.  CaS. 

Each  mil  n/10  I. V.S.  * 0.003607  Gm.  CaS.  Each  Gm.  U.S.P.  sulphide  - 152.5 
mils  n/10  I. V.S.     For  details  see  U.S.P.,  p.  94. 

The  following  assay  is  based  upon  the  fact  that  acetone  plus  alkali 
plus  iodine  yields  iodoform  (p.  583).  A  known  excess  of  n/10  iodine  V.S. 
is  employed  in  assay  and  the  free  iodine,  remaining  after  the  acetone  has 
been  converted  into  iodoform,  is  titrated  with  n/10  thiosulphate  V.S. 

Acetone. — Accurately  weigh  about  1  mil  of  acetone  and  dissolve  in  enough  dis- 
tilled water  to  make  1  liter.  Treat  25  mils  of  this  solution,  with  25  mils  of  nKOH, 
V.S.,  then  add  35  mils  n/10  iodine  V.S.  and  let  stand.  Then  acidulate  with  nHCl, 
V.S.  and  titrate  with  n/10  NasSsOs,  V.S.  Indicator,  starch  paste.  A  blank  ex- 
periment must  be  run  at  the  same  time. 

Each  mil  n/10  iodine  V.S.  consumed » 0.000967  Gm.  C,H«0.  Each  Gm. 
U.S.P.  acetone  - 1023  mils  n/10  iodine  V.S. 
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Chlarinaled  Lime. — Weigh  accurately  in  water,  between  3  and  4  Gm.  chlorinated 
lime,  mix  with  water,  take  one-tenth  of  the  mixture,  add  potassium  iodide  and  acetic 
acid  and  then  titrate  the  liberated  iodine  with  n/10  NaiStOi,  V.S.  Indicator,  starch 
paste.    Strength,  at  least  30_per  cent,  available  chlorine. 

Each  mill  n/10  NaiSsOs,  V.S.  -»0.003546  Gm.  CI. 

Each  Gm.  U.S.P.  lime -84.6  mils  (n/10  NaiStOt,  V.S.  For  details  see  U.S.P.. 
p.  96. 

Similar  to  this  assay,  treatment  of  the  chemical  with  potasaium 
iodide  and  acetic  acid  and  final  titration  of  the  liberated  iodine  with 
n/10  thiosulphate  V.S.,  are  the  ones  outlined  below.  For  details  in  each 
case  see  U.S.P. 

SoliUian  of  Chlorinated  Soda, — Use  7  grammes,  accurately  weighed.  Each 
gramme  corresponds  to  7  mils  thiosulphate  V.S. 

Copper  Sulphate. — Use  1  gramme,  accurately  weighed.  This  amount  corresponds 
to  41.83  mils  thiosulphate  V.S. 

The  assays  which  follow  resemble  the  three  just  given  except  that 
the  iodine  is  liberated  from  potassium  iodide  by  treatment  with  hydro- 
chloric acid  instead  of  acetic  acid. 

Ferric  Chloride, — Accurately  weigh  about  1  Gm.  ferric  chloride,  dissolve  in  water, 
add  hydrochloric  acid  and  potassium  iodide  and  after  digestion  at  40*^0.,  titrate  the 
liberated  iodine  with  n/10  NaiStO«,  V.S.  Indicator,  starch  paste.  Strength,  at  least 
20  per  cent.  Fe. 

£ach  mU  n/10  NasSsOs  -0.005584  Gm.  Fe. 

Each  Gm.  U.S.P.  chloride  -35.8  mils  n/10  NatSsO«,  V.S.  For  details  see  U.S.P., 
p.  166. 


Chemical 


Approximate 

amount 

takins  for 

weighing 


Solution  of  Ferric  Chloride . . . 
Tincture  of  Ferric  Chloride . . . 

Solution  of  Ferric  Sulphate . . . 
Solution  of  Ferric  Subsulphate 
Iron  and  Ammonium  Citrate . 
Iron  and  Quinine  Citrate  .... 

Ferric  Phosphate 

Sodium  Arsenate 

Ebraiccated  Sodium  Arsenate. 
Solution  of  Sodium  Arsenate  . 
Chromium  Trioxide 


2.0  Gm. 
5.0  mils 


1.5 
1.5 


Gm. 
Gm. 


1.0  Gm. 
1.0  Gm. 


1.0 
0.5 


Gm. 
Gm. 


0.3  Gm. 

30.0  Gm. 

0.15Gm. 


Each  gramme  of 

chemioal  oorresponds 

to  mils  of  V.S. 


17.9  to  19.7  mils 
[Each  mil  «5.1  to 

5.9  mils  V.S.] 
17.9  to  19.7  mils 
23.3  to  25.1  mils 
28.6  to  32.2  mils 
24. 18  mils 
21.5    mils 
63.44  to  66.59  mils 
105.4    mils 
1.05  to  1.10  mils 
285.0    mils 


Indicator 


Starch  paste 
Starch  paste 


Starch 
Starch 
Starch 
Starch 
Starch 
Starch 
Starch 
Starch 
Starch 


paflte 
paste 
paste 
paste 
paste 
paste 
paste 
paste 
paste 


For  details  concerning  these  see  U.S.  P. 

Thymol  Iodide. — Accurately  weigh  about  0.25  Gm.  well-dried  iodide,  mix  with 
about  3  Gm.  anhydrous  sodium  carbonate  and  carbonize  at  red  heat.  Extract  the 
residue  with  boiling  distilled  water,  oxidize  the  warmed  aqueous  liquid  with  potassium 
permanganate  solution,  remove  excess  of  permanganate  bv  addition  of  alcohol, 
dilute  with  water  and  then  filter.  To  exactly  one-half  of  the  filtrate^  add  dilutee 
sulphuric  acid  and  potassium  iodide  and  then  titrate  the  liberated  iodme  with  n/10 
NaoSsOs,  V.S.  Indicator,  starch  paste.  Strength,  at  least  43  per  cent,  iodine.  Each 
mU  n/10  NasSsOi,  V.S.  -0.002115  Gm.  I.  Each  Gm.  U.S.P.  iodide »203.3  mils  n/10 
NaiStOi,  V.S.     For  details  see  U.S.?.,  p.  442. 

The  object  of  the  thymol  iodide  assay  given  above  is  first  to  convert 
the  organic  iodide  into  inorganic  sodium  iodide  and  then  to  oxidise  this 
iodide  to  iodate  by  treatment  with  {)otassium  permanganate.  The 
resulting  iodate  is  then  treated  with  potassium  iodide  and  sulphuric 
acid  and  the  liberated  iodine  is  then  titrated  with  n/10  thiosulphate  V.S. 


QUANTITAIIVE   ANALYSIS  897 

OFnOAL  ASSAY  WITH  TWO-HUNDREDTH-NORHAL  SODIUM  THIOSULPHATE  V.S. 

Dried  Thyroids, — Fuse  1  Gm.  dried  thyroids  with  a  mixture  of  potassium  carbonate, 
sodium  carbonate  and  potassium  nitrate.  When  the  mixture  is  completely  carbonised 
dissolve  the  residue  in  warmed  distilled  water.  Then  add  solution  of  chlorinated  soda 
and  phosphoric  acid,  dilute  with  water  and  boil  for  one-half  hour.  After  cooling  the 
liquid,  add  to  it  potassium  iodide  and  titrate  the  liberated  iodine  with  n/200  NasSsOs, 
V.S.  Indicator,  starch  paste.  Strength,  0.17  to  0.23  per  cent,  iodine.  £ach  mil  n/200 
NatStOt,  V.S. -0.0000105  Gm.  iodine.  Each  Gm.  U.S. P.  thyroids  =  16.07  to  21.74 
mils  n/200  NasSsOi,  V.S.     For  details  see  U.S.P.,  p.  443. 

This  assay,  like  the  one  for  thymol  iodide,  is  based  upon  the  conversion 
of  the  organic  into  inorganic  iodide,  the  oxidization  of  this  to  iodate,  the 
treatment  of  this  with  potassium  iodide  and  phosphoric  acid;  and  the 
final  titration  of  the  liberated  iodine  with  n/200  Thiosulphate  V.S. 

OXIDATION  ASSAYS  WITH  TENTH-NORHAL  POTASSIUM  PERMANGANATE  V.  S. 

We  have  already  learned  (p.  369)  that  potassium  permanganate 
is  a  powerful  oxidizer,  and  that  a  solution  in  the  process  of  oxidation 
loses  its  characteristic  purple  or  rose  tint; — ^becomes  decolorized.  This 
phenomenon  is  employed  in  the  volumetric  estimation  of  oxidizable 
substances,  known  quantities  of  such  substances  being  added  to  volu- 
metric solution  of  potassium  permanganate  until  a  permanent  pink  tint 
ensues.  In  other  cases  advantage  is  taken  of  the  fact  that  oxalic  acid 
decolorizes  potassium  permanganate,  and  by  mixing  chemicals  that 
react  with  oxalic  acid  with  ^  known  quantity  of  volumetric  solution  of 
that  acid  and  titrating  the  excess  of  the  acid  with  permanganate,  the 
quantity  of  acid  used  in  combining  with  the  particular  chemical  can 
be  deduced  and  the  amount  of  the  chemical  calculated. 

Before  discussing  the  arithmetic  of  such  calculation  it  may  be  well 
to  give  an  outline  of  the  official  method  of  making  decinormal  perman- 
ganate solution: 

TENTH-NORMAL  POTASSIUM  PERMANGANATE  VOLUMETRIC  SOLUTION 

KMnO^  =  158.03.  3.1606  Gm.  in  1000  mils. 

Condensed  Recipe. 

Mix  3.3  Gm.  potassium  permanganate  U.S.P.  in  1000  mils  of  distilled  water  and 
boil  about  5  minutes.  Plug  the  flask  with  absorbent  cotton,  let  stand  two  days,  and 
then  decant  the  clear  liquid,  which  is  to  be  standardized  and  then  dilute  to  exactly 
tenth-normal  strength  with  a  special  distilled  water,  which  has  been  treated  with  per- 
manganate before  being  distilled.  The  pharmacopoeia  permits  two  methods  of  stand- 
arclization  of  the  tenth-normal  permanganate  V.S.  In  one,  0.3  Gm.  well-dried  sodium 
oxalate  is  dissolved  in  water,  acidulated  with  sulphuric  acid  and  then  titrated  with 
the  permanganate  V.S.  until  a  permanent  pink  color  is  obtained.  Each  0.0067  Gm. 
oxalate  is  equivalent  to  1  mil  of  exactly  n/10  KMn04,  V.S.  The  second  method 
consists  in  treating  25  mils  of  the  permanganate  V.S.  with  potassium  iodide  and  sul- 
phuric acid  and  then  titrating  the  liberated  iodine  with  tenth-normal  sodium  thio- 
mlphate  V.S.  Each  25  mils  n/lO  KMn04,  V.S.  is  equivalent  to  25  mils  n/10  NajSjOs, 
V.S.  The  pharmacopoeia  discusses  the  arithmetic  of  the  standardization  and  the 
lilution.  of  the  permanganate  V.S.  (see  also  below)  and  directs  how  the  finished 
solution  should  be  kept.     For  details  see  U.S. P.,  p.  568. 

The  pharmacopceia  also  gives  equivalent  factors  for  13  chemicals  assayed  with 
enth-normal  potassium  permanganate  V.S.  In  the  case  of  four  of  these — ^ferrous 
arbonate,  ferrous  oxide,  and  ferrous  sulphate  (anhydrous  and  crystalline)  the  factor 
grammes  of  chemical  represented  Joy  1  mil  of  tenth-normal  permanganate  V.S.) 
i  the  molecular  weight  of  the  substance  divided  by  10,000.  With  five — calcium  oxide 
is  oxalate),  hydrogen  dioxide,  oxalic  acid,  sodium  nitrite  and  sodium  oxalate— the 
ictor  is  the  molecmar  weight  oj  the  chemical  divided  by  20,000;  with  two — potassium 
tilorate  and  sodium  chlorate^ — ^the  factor  is  the  moleciUar  weight  of  the  substance 
Ci/ided  by  60,000.  The  remainins  two  are  the  elements;  iron  (in  ferrous  compounds 
id  oxygen.  Tlie  factor  for  the  former  is  the  atomic  weight  divided  by  10,000,  while 
lat  of  tbe  latter  is  the  atomic  weight  divided  by  20,000. 
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It  will  be  seen  from  the  above  outline  that  the  potassium  permanga^ 
nate  solution  is  standardized  by  two  methods — the  one,  the  use  of  sodium 
oxalate;  the  other,  by  utilizing  the  property,  possessed  by  permanganate 
in  common  with  all  other  oxidizing  agents,  of  liberating  iodine  from 
potassium  iodide,  estimating  the  amount  of  free  iodine  with  sodium 
thiosulphate  solution.  As  this  latter  process  has  just  been  explained 
(p.  892),  we  will  proceed  forthwith  to  the  estimation  of  permanganate 
with  sodium  oxalate. 

The  reaction  of  this  combination  is  as  follows: 

2KMn04  +  5Na2C,04  +  SHjSO*  =  KtSO*  -f  2MnS04  -f  SNajSO*  +  lOCO,  4-  8HiO 
2  X  158.03  5  X  134.0 

or  316.06  or  670.0 

It  will  be  seen  from  this  equation,  that  670  Gm.  sodium  oxalate  de- 
colorize 316.0Q  Gm.  potassium  permanganate.  The  pharmacopoeial  mon- 
ograph states  that  each  mil  of  n/10  permanganate  V.S.  is  equivalent  to 
0.0067  Gm.  sodium  oxalate.  Then  a  liter  ( 1000  mils)  of  n/ 10  permanganate 
V.S.  is  equivalent- to  6.700  Gm.  sodium  oxalate.  The  equation  just  given 
shows  that  670  Gm.  sodium  oxalate  represents  316.06  Gm.  [permanganate; 
hence  6.7  Gm.  oxalate  is  equivalent  to  3.16  Gm.  permanganate;  the  obvi- 
ous conclusion  therefore  is  that  a  liter  of  n/10  permanganate  V.S,  should 
contain  3.16  Gm.  KMn04. 

At  first  glance  it  seems  erroneous  to  call  the  permanganate  solution 
containing  in  a  liter  the  number  of  grammes  equivalent  to  one-fiftieth 
its  molecular  weight  a  decinormal  solution,  and  it  might  here  be  stated 
that  this  conception  is  hard  to  comprehend  unless  we  adopt  the  double 
formula  of  permanganate,  K2Mn208.  If  we  take  this  double  formula 
to  express  one  molecule;  if  we  appreciate  that  K2Mn208  liberates  5 
atoms  oxygen  in  oxidation,  viz., 

K,Mn,08     +     3H,S04     «     2MnS04     -f     K,S04     +     3H,0     +     O*; 

if  we  appreciate  that  this  liberation  of  five  atoms  of  oxygen  really  means 
combination  of  ten  atoms  of  hydrogen,  viz., 

lOH     +    50     «     5H,0, 

and,  lastly,  if  we  remember  that  the  foundation  of  the  arithmetic  of 
volumetric  testing  is  the  quantity  of  substance  that  combines  with  or 
replaces  one  atom  of  hydrogen,  we  will  see  that  the  true  normal  solution 
of  permanganate  contains  the  amount  with  which  one  atom  of  hydro- 
gen will  combine — that  is,  Ho  of  316.06 — and  that  the  decinormal  solu- 
tion must  contain  in  1  Uter  J^oo  of  316.06  Gm. 

That  this  reasoning  is  sound  is  proved  by  the  fact  that  a  decinormal 
solution  containing  3.16  Gm.  permanganate  to  the  liter  combines  with 
equal  volumes  of  other  decinormal  solutions,  such  as  n/10  oxalic  acid 
V.S.,  and  (in  the  second  process  of  standardization)  n/10  thiosulphate  V.S. 

Referring  to  the  table  given  above,  showing  the  equivalent  values 
of  1  mil  of  n/10  permanganate,  we  find  that  while  n/10  KsMn^Os  equals 
as  many  milligrammes  of  permanganate  as  its  molecular  weight  divided 
by  100,  1  mil  represents  of  the  ferrous  «alts  and  hydrogen  dioxide  as 
many  milligrammes  as  the  molecular  weight  in  each  case  divided  by  10; 
while  with  the  substances,  calcium  oxide,  oxalic  acid,  and  sodium  nitrite, 
1  mil  of  n/10  permanganate  represents  as  many  milligrammes  as  the 
molecular  weight  divided  by  20.  These  can  be  best  explained  by  a  typi- 
cal equation  from  each  class: 
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(a)  10FeSO47H»O-fKjMniO8-i-8HiSO4  «5Fe,(S04}»+2MnS04+KiS04-f  15HtO. 
10  X  278.02.        316.06 
or  2780.2 
We  see  that  316.06   Gm.  KMn04        =2780.2         Gm.  FeS047H,0. 

3.1606   Gm.  KMn04 
or  1000  mils  n/10  =     27.802     Gm.  FeS047HtO. 

and  that  1  mil  n/10  KMnO*        =       0.0278   Gm.  FeS047H20. 
(6)  5NaN0,  +  KaMnjOg  +  3H,S04  =  5KN0,  +  2MnS04  +  KSOa  +  3H,0. 
5X69.10       316.06 
or  345.05 
We  see  that  316.06        Gm.  KMn04    =345.05       Gm.  NaNO« 

3.1606     Gm.  KMn04 
or  1000  mils  n/10  KMn04    =     3.4505   Gm.  NaNOs. 
and  that  1  mil  n/10  KMn04    =     0.00345  Gm.  NaNOi. 

That  is,  while  chemicals  of  the  type  ''a*'  in  oxidizing  take  up  one 
atom  of  oxygen  to  every  two  molecules  of  the  oxidized  chemical,  chem- 
icals of  type  "6"  combine  with  oxygen  in  the  proportion  of  one  atom  of 
oxygen  to  each  molecule. 

It  will,  of  course,  be  remembered  that  one  molecule  K2Mn208  jrields 
five  atoms  of  oxygen,  and  these  five  atoms  combine  with  ten  molecules 
of  chemicals  of  type  "  a  "  and  with  five  molecules  of  chemicals  of  type  "  6. " 

OFFICIAL  ASSAYS  MADE  WITH  TEHTH-NORMAL  PERMANGANATE  V.S. 

Sduiion  of  Hydrogen  Dioxide. — Accurately  weigh  about  2  Gm.  solution  of  hydrogen 
dioxide,  dilute  with  water,  acidulate  with  diluted  sulphuric  acid  and  then  titrate  with 
n/10  KMn04.V.S.  Strength,  at  least  3  per  cent.  HaOj.  Each  mil  n/10  KMn04 
V.S.  =  0.0017008  Gm.  H^G,.  Each  Gm.  U.S.P.  solution  =  17.6  mils  n/10  KMn04,  V.S. 
For  details  see  U.S. P.,  p.  247. 

This  reaction  differs  from  either  equation  given  at  the  top  of  this  page, 
inasmuch  as  both  hydrogen  dioxide  and  permanganate  liberate  oxygen, 
which  passes  ofT  as  gas,  as  shown  in  the  following  equation: 

5H,0t  -h  KjMnjOg  +  3H,S04  =  50j  -f  K,S04  +  2MnS0«  +  8H,0. 

Sodium  perborate  likewise  liberates  oxygen  when  treated  with  per- 
manganate. 

Sodium  Perborate, — ^Like  the  assav  for  solution  of  hydrogen  dioxide.  One-quarter 
of  a  gramme  is  accurately  weighed.  'One  gramme  corresponds  to  112.5  mils  n/10 
permanganate  V.S.     For  details  see  U.S.?.,  p.  394. 

Ferrous  Stdphate, — Accurately  weigh  about  1  Gm.  ferrous  sulphate,  dissolve  in 
25  mils  of  diluted  sulphuric  acid  and  the  titrate  with  n/10  KMn04,  V.S.  Strength, 
54.36  to  57.07  per  cent.  FeS04.  Each  mil  n/10  KMn04,  V.S.  =  0.015191  Gm.  FeS04. 
Each  Gm.  U.S.P.  sulphate  =35.78  to  37.57  mils  n/10  KMn04,  V.S.  For  details 
see  U.S.P.,  p.  170. 

Exsiccated  Ferrous  Sulphate. — ^like  ferrous  sulphate,  except  that  0.8  Gm.  is  taken 
and  is  accurately  weighed  and  that  1  Gm.  corresponds  to  52.7  mils  V.S. 

Redrused  Iron. — Accurately  weigh  about  1  Gm.  reduced  iron,  add  10  Gm.  mercuric 
chloride  and  50  mils  of  boiling  distiUed  water^  boil  for  5  minutes,  cool,  filter,  take 
exactly  one-fifth  of  the  fluid,  acidulate  with  diluted  sulphuric  acia  and  then  titrate 
with  n/10  KMn04,  V.S.  Strength,  at  least  90  per  cent.  Fe.  Each  mil  n/10  KMn04, 
V.S.  =0.005584  Gm.  Fe.  Each  Gramme  U.S.P.  iron  =  161.2  mils  n/10  KNMO4,  V.S. 
For  details  see  U.S.P.,  p.  173. 

In  this  assay,  the  boiling  of  the  iron  with  the  mercuric  chloride, 
converts  all  of  the  iron  into  ferrous  chloride  which  is  then  assayed  by 
titration  with  n/10  per  manganate  V.S. 

The  following  are  residual  titrations,  the  chemical  being  treated  with 
an  excess  of  n/10  oxalic  acid  V.S.  which  combines  with  the  metal  found 
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in  the  chemical.     The  surplus  oxalic  acid  is  then  titrated  with  n/10 
permanganate  V.S. 

PredpUated  Calcium  Carbonate. — Accurately  weigh  from  0.3  to  0.4  Gm.  well- 
dried  carbonate,  mix  with  10  mils  of  distilled  water  and  10  mils  of  diluted  hydrochloric 
acid  and  boil  to  expel  the  evolved  carbon  dioxide.  Then  add  100  mils  n/10  ox^c 
acid  V.S.,  make  alkaline  with  ammonia,  let  mixture  stand  and  then  filter.  Acidulate 
the  amount  of  filtrate  representing  exactly  one-half  of  the  original  fluid  with  diluted 
sulphuric  acid  titrate  the  excess  of  oxalic  acid  with  n/10  KMn04  V.S.  and  then  cal- 
culate the  amount  of  n/10  oxalic  acid  V.S.  used  by  the  lime  salt.  Strength,  at  least 
98  per  cent.  CaCOj. 

Each  mil  n/10  HjCjO*,  V.S.  =0.005003  Gm.  CaCO,.  Each  Gramme  U.S.P.  car- 
bonate* 196.9  mils  n/10  H1C1O4,  V.S.     For  details  see  U.S.P.,  p.  90. 

Calcium  Oxide, — One  gramme  is  dissolved  in  20  mils  diluted  hydrochloric  acid  and 
enough  water  to  make  100  mils  one-fifth  of  the  solution  is  then  titrated  as  above. 
One  gramme  of  lime  =  338.9  mils  V.S. 

Prepared  Chalk. — Assay  like  precipitated  chalk.  One  gramme  equals  ld3.9 
mils,  V.S. 

Lead  Oxide. — Accurately  weigh  about  0.4  Gm.  freshly  ignited  oxide,  dissolve  in 
acetic  acid  and  distilled  water,  and  mix  with  50  mils  n/10  oxaBc  acid  V.S.  ^  Then  filter, 
acidulate  the  amount  of  filtrate  representing  exactly  one-half  of  the  original  oxide, 
with  diluted  sulphuric  acid,  titrate  the  excess  of  oxalic  acid  with  n/10  KMn04,  V.S. 
and  finally  calculate  the  amount  of  n/10  oxalic  acid,  V.S.  consumed  by  the  oxide. 
Strength,  at  least  96  per  cent.  PbO.  Each  mil  n/10  HtCj04,  V.S.  =0.01115  Gm. 
PbO.  Each  gramme  ignited  oxide  =86.1  mils  n/10  HsCs04,  V.S.  For  details  see 
U.S.P.,  p.  329. 

Lead  Acetate. — Accurately  weigh  about  5  Gm.  lead  acetate  and  dissolve  in  recenthr 
boiled  distilled  water.  Mix  one-tenth  of  this  with  50  mils  n/10  oxalic  acid,  V.S. 
let  stand,  then  filter,  acidulate  the  amount  of  filtrate  representing  one-twentieth  of 
the  amount  of  original  acetate,  titrate  with  n/10  KMnO*,  V.S.  and  then  calculate  a 
amount  of  n/10  oxalic  acid  V.S.  consumed  by  the  acetate.  Strength,  85.31  to  89.75 
per  cent.  PbCCjHsOs)?. 

Each  mil  n/10  HsCjO^,  V.S.«0.016257  Gm.  PbCCH.Oa)^. 

Each  Gramme  U.S.P.  acetate  =52.5  to  55.1  mils  n/10  H,Ci04,  V.S.  For  details 
see  U.S.P.,  p.  328. 

Solution  of  Lead  Subacetate. — Like  lead  acetate,  except  that  1.5  granmies  of  the 
solution  are  added  to  the  n/10  oxalic  acid  V.S.  and  filtrate,  representing  one-half  of 
the  original  solution,  is  titrated  with  n/10  p>ermanganate  V.S.  JBach  granime  of  solu- 
tion equals  17.4  mils  V.S.     For  details  see  U.S.P.,  p.  250. 

Precivitated  Manganese  Dioxide.-^Acc\iTa.te\y  weigh  about  0.2  Gm.  precipitated 
dioxide,  dissolve  in  a  mixture  of  50  mils  n/10  oxalic  acid  V.S.  and  3  mils  smphunc  acid, 
wann^  titrate  with  n/10  KMn04,  V.S.  and  then  calculate  the  amount  of  n/10  oxalic 
acid  V.S.  consumed  bv  the  dioxide.     Strength,  80  per  cent.  MnOt. 

Each  mU  n/XO  H2C2O4,  V.S.  =0.00434  Gm.  MnOj.  Each  Gm.  U.S.P.  oxide  «184 
mils  n/10  HaCO^,  V.S.     For  details  see  U.S.P.,  p.  266. 

Potassium  Permanaarutte. — Accurately  weigh  about  0.15  Gm^  dissolve  in  25  mils 
water,  add  1  mil  sulphuric  acid  and  50  mils  n/10  oxalic  acid  V.S.  Titrate  excess  of 
oxalic  acid  with  n/lO  permanganate  V.S.  Each  gramme  permanganate  equals  313.2 
mils  n/10  oxalic  acid  V.S.      For  details  see  U.S.P.,  p.  342. 

The  following  is  a  residual  titration  in  which  an  excess  of  n/10  perman- 
ganate V.S.  is  used  to  oxidize  a  nitrite  to  a  nitrate:  The  surplus  perman- 
ganate is  then  titrated  with  n/10  oxalic  acid  V.S. 

Sodium  Nitrite. — Accurately  weigh  about  1  Gm.  well-dried  nitrite,  dissolve  in  dis- 
tilled water,  add  one-tenth  of  the  solution  to  a  mixture  of  50  mils  n/10  KMnO«{  V.S. 
and  5  mils  of  sulphuric  acid.  Warm  the  liouid,  let  stand  for  five  minutes,  titrate 
excess  of  permanganate  with  n/10  oxalic  acid  V.S.  and  then  calculate  the  amount  of 
n/10  KM11O4,  V.S.  consumed  by  the  nitrite.    Strength,  at  least  95  per  cent.  NaNOs. 

Each  mil  n/10  KMn04,  V.8.=0.0034p  Gm.  NaNOj.  Each  Gm.  dried  nitrite-* 
275.3  mils  n/10  KMn04,  V.S.     For  details  see  U.S.P.,  p.  394. 

The  following  assay  represents  an  oxidation  of  ferrous  sulphate 
to  ferric  sulphate  with  the  chemical  assayed.  From  the  amount  of 
ferrous  sulphate  4;hat  is  converted  into  ferric  sulphate,  the  quantity  of 
chlorate  used  can  be  deduced- 
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Potasnum  Chlorate, — Accurately  weigh  about  0.1  Gm.  potassium  chlorate,  dissolve 
in  water  and  add  to  it  an  acidulated  ferrous  sulphate  solution.  Then  boil  the  mixture 
in  a  flask  fitted  with  a  Bunsen  valve;  after  the  boiled  mixture  has  cooled  add  man- 
ganese sulphate  solution  and  then  titrate  with  n/10  KMn04|  V.S.  At  the  same  time, 
run  a  blank  titration,  thus  estimatine  the  strength  of  the  ferrous  sulphate  solution 
used  and  then  calculate  the  amount  of  ferrous  sulphate  consumed  by  the  chlorate  and 
of  n/10  KMn04,  V.S.,  that  this  represents.  Strength  at  least  99  p)er  cent.  KClOj. 
Each  mil  of  n/10  KMn04,  V.S.  =0.0204  Gm.  KClOs.  Each  Gm.  U.S.P.,  chlorate 
-484.7  mils  n/10  KMn04,  V.S.     For  details  see  U.S. P.,  p.  335. 

OXIDATION  ASSAYS  WITH  TENTH-NORMAL  POTASSIUM  DICHROMATE  V.S. 

As  the  operation  is  so  closely  similar  to  assaying  with  potassium 
permanganate,  and  as  only  three  official  preparations  are  directed  to  be 
tested  by  this  method,  we  need  not  take  much  time  for  its  discussion. 

All  that  is  necessary  to  state  is  that  the  oxidation  with  dichromate 
is  limited  to  ferrous  salts  and  to  the  liberation  of  iodine  from  potassium 
iodide  in  standardizing  sodium  thiosulphate  V.S.  Further,  that  the 
oxidizing  action  of  dichromate  is  that  shown  in  the  following  typical 
equation: 

K,Cr»07     +     4H,S04     =     K,S04     +     CrjCSOOa     +     4H,0     +     O,. 

• 

In  other  words,  while  two  molecules  nitric  acid  in  oxidation  processes 
give  three  atoms  of  oxygen  (see  p.  399),  one  molecule  dichromate  gives 
three  atoms  of  oxygen  also.  Hence  when  dichromate  can  be  substituted 
for  nitric  acid  in  oxidations,  one  molecule  does  the  work  of  two  molecules 
of  acid. 

Since  one  molecule  K2Cr207  yields  three  atoms  of  oxygen,  one  mole- 
cule K2Cr207  is  the  equivalent  of  six  atoms  of  hydrogen;  hence  normal 
potassium  dichromate  solution  would  contain  in  1000  mils  as  many 
grammes  K2Cr207  as  the  molecular  weight  (294.2)  divided  by  6:  that  is, 
49.033  Gm.  Therefore  decinormal  dichromate  V.S.  contains  4.9033 
Gm.  K2Cr207  to  the  liter,  as  is  shown  in  the  pharmacopoeial  recipe  given 
below. 

TEKTH-NORMAL  POTASSIUM  DICHROMATE  VOLUMETRIC  SOLUTION 

KsCr,07 » 294.20  4.9033  Gm.  in  1000  mils 

Condensed  Recipe. 

Dissolve  4.9033  Gm.  purified  potassium  dichromate  in  enough  distilled  water  to 
make  exactly  1000  mils.  This  solution  is  tenth-normal  when  used  in  oxidizing  reac- 
tions and  is  therefore  the  eauivalent  of  an  equal  volume  of  tenth-normal  potassium 
permanganate  V.S.  or  of  tentn-normal  sodium  thiosulphate  V.S..  the  cases  of  liberating 
iodine  bv  oxidation.  In  direct  titration,  for  neutralization  of  alkalies,  however,  when 
phenolphthalein  is  used  as  an  indicator,  its  value  is  thirtieth-normal. 

The  pharmacopoeia  also  describes  its  use  in  estimating  ferrous  salts  and  gives  its 
equivalent  factors,  for  five  chemicals;  these  factors,  of  course,  the  same  sa  the  thio- 
siiiphate  factors  for  the  same  chemicals.     For  details  see  U.S.JP.,  p.  562. 

OFFICIAL  ASSAT  MADE  WITH  TENTH-NORMAL  POTASSIUM  DICHROMATE  V.  S. 

SaccharcUed  Ferroue  Carbonate. — Accurately  weigh  about  2  Gm.  saccharated  car- 
bonate, dissolve  in  15  mik  of  diluted  sulphuric  acid  and  dilute  with  distiUed  water. 
Then  titrate  with  n/10  KMn04,  V.S.     Indicator,  potassium  ferricyanide. 

Strength,  at  least  15  per  cent.  FeCOs. 

Each  mil  n/10  KiCrjOr,  V.S.  =0.01168  Gm.  FeCOi.  Each  Gm.  saccharate  car- 
bonate » 13  mils  n/10  KsCrtOr,  V.S.    For  details  see  TJ.S.P.,  p.  166. 

The  following  preparations  of  ferrous  carbonate  are  similarly  assayed. 
For  details  see  U.S.P. 
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Chemical 


Approximate 

quantity 

taken  for 

weighing 


Each  gramme  of 

chemical  corresponds 

to  mils  of  V.S. 


Indication 


Mass  of  Ferrous  Carbonate. . . 
Pills  of  Ferrous  Carbonate .  . . 


1  Gm. 
Spills 


I 


30.2  mils    •  Potassium  ferh- 

I    cyanide. 
1  pill » 5.2  mils     Potassium    fern- 
cyanide. 


VOLUXXETRIC   ASSAYS   WITH   SILVER   NITRATE,   POTASSIUM   SULPHOCTARATZ.  AND 

SODIUM  CHLORIDE 

This  class  of  assays  is  based  either  on  the  ability  of  silver  nitrate 
to  precipitate  in  definite  proportions  with  the  halogens,  as  shown  in 
the  following  equation: 

AgNO,     +    NaCl     =     AgCl     +     NaNO,, 
169.89  58.46 

or  with  potassium  sulphocyanate,  viz., 

KNOa. 


AgNO, 
169.89 


+    KSCN     =     AgSCN     + 
97.18 


From   the  above  equations  and  appended  molecular  weights  we 
see  that  169.89  Gm.  AgNOs  =  58.46  Gm.  NaCl, 
and  that  169.89  Gm.  AgN03=  97.18  Gm.  KSCN. 

Since  n/10  AgNOg  V.S.  contains  16.989  Gm.  AgNOa  to  1000  mils 
and  n/10  AgNO,  V.S.  contains  0.016989  Gm.  AgNOj  to  1  mil, 
therefore  1  mil  n/10  AgNOj  V.S.  =  0.005846  Gm.  NaCl 
and  1  mil  n/10  AgNO,  V.S.=  0.009718  Gm.  KSCN. 

As  fully  explained  below,  the  indicator  used  when  assaying  halogens, 
with  silver  nitrate  is  potassium  chromate,  it  striking  a  red,  permanent 
tint  (silver  chromate)  only  after  the  addition  of  just  enough  silver 
nitrate  completely  to  precipitate  the  halogen.  When  testing  with 
sulphocyanate,  ferric  alum  is  used  as  indicator,  it  forming  red  ferric 
sulphocyanate  only  after  all  the  silver  is  precipitated. 

The  preparation  of  the  volumetric  solutions  is  given  below: 

TENTH-NORMAL  SILVER  NITRATE  VOLUBXETRIC  SOLUTION 

AgNO,  =  169.89  16.989  Gm.  in  1000  mils 

Condensed  Recipe. 

Dissolve  10.798  grammes  of  pure  silver  in  30  mils  (more  if  necessary}  of  nitiio 
acid  U.S.P.  Evaporate  the  acid  liquid  on  a  water-bath,  dry  the  residue  in  an  oven 
and  then  dissolve  in  enough  distilled  water  to  make  1  liter.  The  pharmacopceift 
explains  three  methods  of  titration  with  tenth-normal  silver  nitrate  V.S. 

Soluble  chlorides  or  bromides  are  titrated  with  the  solution  (usins  piitassium  chro- 
mate T.S.  as  indicator)  the  end  of  the  reaction  being  indicated  by  the  change  in  color 
of  the  solution  from  yellow  to  red  (see  above).  This  method  is  satisfactory  only  in 
neutral  solutions. 

Free  halogen  acids  or  their  salts  in  acid  sohUion  are  assaved  bv  adding  a  knovii 
excess  of  the  silver  nitrate  V.S.  to  a  solution  of  the  chemical,  acidulating  with  nitnr 
acid  and  then  titrating  with  tenth-normal  potassium  sulphocyanate  V.S.,  using  ferric 
alum  as  indicator,  llie  end  of  the  reaction  is  shown  by  the  formation  of  a  red  eolor 
in  the  solution  (see  above.)     This  assay  is  called  the  Volhard  method. 

Alkaline  cyanides  and  hydrocyanic  acid  are  assayed  by  titrating  their  solutions  with 
fifth-normal  silver  nitrate  V.S.  until  a  permanent  white  precipitate  is  formed.  For  d^ 
tails  see  U.S. P.,  p.  571.  The  pharmacopoeia  gives  equivalent  factors  for  foiiy-lhite 
chemicals  assa^^ed  with  tenth-normal  silver  nitrate  V.S.  Three  of  these  are  the  haKofec 
elements  bromine,  chlorine  and  iodine  and  their  equivalent  factor  (grammes  of  chenueai 
represented  by  1  mil  of  tenth-normal  silver  nitrate  V.S.)  is  the  atomic  umghi  of  tks  la- 
ment divided  by  10,000.  Then  there  are  three  com]3ounds — ^hydrocyanic  add,  poUs- 
aium  cyanide  and  sodium  cyanide;  all  by  the  precipitation  methoo-^the  factor  for 
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which  is  the  molecular  xjoeight  o]  the  substance  divided  by  5000.  .  With  eighteen  chenucals — 
hydrocyanic  acid  (bv  the  chromate  method),  ammonium  bromide,  ammonium  chloride, 
ammonium  iodide,  hydriodic  acid,  hydrobromic  acid,  hydrochloric  acid,  lithiimi  bro- 
mide, lithium  chloride,  potassium  bromide,  potassium  chloride,  potassium  iodide,  potas- 
sium nitrate,  potassium  sulphocyanate,  sodium  bromide,  sodium  chloride,  sodium  iodide 
and  sodium  mtrate — ^the  factor  is  t^  molecular  weight  of  the  sybetance  divided  by  10,000; 
with  eleven  chemicals — allyl  iso-thiocyanate,  calcium  bromide  (crystalline  and 
anhydrous)  calcium  chloride  (crystalline  and  anhydrous)^  ferrous  bromide,  ferrous 
iodide,  strontium  bromide,  strontium  chloride,  strontium  iodide  and  zinc  chloride — 
the  factor  is  the  moUcvlar  weight  of  the  substance  divided  by  20,000;  with  six — arsenous 
iodide,  phosphoric  acid,  potassium  hypophosphite,  sodium  hypophosphite  and  sodium 
phospnate  (crystalline  and  anhydrous) — ^the  factor  is  the  molecular  weight  of  the  sttb- 
stance  divided  by  30^000;  with  one,  strontium  salicylate,  the  factor  is  the  molectUar 
weight  divided  by  40,000;  while  with  one,  calcium  hypophosphite,  the  factor  is  the 
molecular  weight  divided  by  60,000. 

HUNDREDTH-NORMAL  SILVER  NITRATE  VOLUMETRIC  SOLUTION 

AgNOa » 169.89  1.6989  Gm.  in  1000  mils 

Condensed  Recipe. 

Dilute  100  mils  of  tenth-normal  silver  nitrate  V.S.  with  enough  distilled  water  to 
make  1  liter.  The  pharmacopoeia  gives  directions  for  keeping  the  solution  and  states 
that  each  mil  of  it  is  the  equivalent  of  0.0005846  Gm.  sodium  chloride.  For  details 
see  U.S.P.,  p.  573. 

TENTH-NORMAL  SODIUM  CHLORIDE  VOLUMETRIC  SOLUTION 

NaCl  »  58.46.     5.846  Gm.  in  1000  mils. 
Condensed  Recipe. 

Dissolve  5.846  Gm.  of  specially  purified  sodium  chloride  in  enough  distilled  water 
to  make  exactly  1  liter. 

The  pharmacopoeia  points  out  that  it  corresponds,  volume  for  volume, 
with  tenth-normal  silver  nitrate  V.S.  and  then  gives  the  equivalent 
factor  (grammes  of  chemical  correspojiding  to  1  mil  of  tenth-normal 
sodium  chloride  V.S.)  for  silver,  silver  nitrate  and  silver  oxide.  The 
factor  for  silver  is  the  atomic  weight  divided  by  10,000  and  for  the  salts  is 
the  molecular  weight  of  each  divided  by  10,000.  For  details  see  U.S.P., 
p.   573. 

TENTH-NORUAL  POTASSIUM  SULPHOCYANATE  VOLUMETRIC  SOLUTION 

KSCN  =97.18.     9.718  Gm.  in  1000  mils 
Condensed  Recipe. 

Dissolve  1 1  Gm.  crystalline  potassium  sulphocyanate  in  1000  mils  of  distilled  water. 
Standardize  this  by  titrating  a  mixture  of  10  mils  of  tenth-normal  silver  nitrate  V.S., 
3  mils  of  ferric  alum  solution  and  3  mils  of  nitric  acid  with  it,  by  the  Volhard  method. 
Then  dilute  the  solution  to  exactly  tenth-normal  strength.  The  pharmacopceia 
explains  the  arithmetic  of  dilution.  For  details  see  U.S.r.,  p.  570.  The  pharma- 
copoeia also  gives  the  equivalent  factor  for  seven  chemicals  assayed  with  tenth- 
normal potassium  sulphocyanate  V.S.  Of  these  two  are  for  silver  compounds — the 
nitrate  and  the  oxide — the  factor  (grammes  of  substance  represented  by  1  mil  tenth- 
normal potassium  sulphocyanate  V.S.)  being  the  molecular  weight  of  the  substance 
divided  bu  10,000;  three  are  for  mercuric  compounds — ^the  nitrate,  the  iodide  and  the 
oxide — ^the  factor  being  the  molecular  weight  of  the  substance  divided  by*  20,000;  while 
the  other  two  are  for  the  elements  themselves.  The  factor  of  silver  is  the  atomic 
toeight  divided  by  10,000;  that  for  mercury  is  the  atomic  weight  divided  by  20,000.  For 
details  see  U.S.P.,  p.  571. 

The  following  chemicals  are  assayed  with  n/10  silver  nitrate  V.S.  by 
direct  titration. 

Diluted  Hydrocuanic  Acid. — Accurately  weigh  about  5  mils  of  the  acid  in  a  potas- 
sium hydroxide  solution.  Add  3  drops  of  potassium  iodide  solution  and  then  titrate 
with  n/10  AgNOsf  V.S.  until  a  permanent  precipitate  results.  Strength,  1.9  to  2.1 
per  cent.  HON. 

'^  Bach  mil  n/10  AgNO,,  V.S.  =0.0064  Gm.  HON.     Each  Gm.  U.S.P.  acid  -3.6  to 
3.89  mils  n/10  AgNO,,  VS.     For  details  see  U.S.R,  p.  16. 
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Sodium  Cyanide. — ^Ldke  the  foregoing,  except  that  0.45  Gm.  of  the  cyanide,  accu- 
rately weighed  is  dissolved  in  25  mils  water,  and  4  mils  ammonia  water  are  added  before 
the  titration.     Each  gramme  equals  96.9  mils  n/10  AgNOs,  V.S. 

This  assay  is  based  on  the  formation  of  a  soluble  double  salt  (Ag- 
CNKCN),  which  is  decomposed  the  minute  an  excess  of  silver  is  added. 
Potassium  iodide  accentuates  the  .reaction. 

Oil  of  Bitter  Almond  (for  HON). — Prepare  a  solution  of  magnesium  sulphate,  add 
to  it  n/ 2  NaOH,  V.S.  and  potassium  chromate  solution  and  then  titrate  with  n/10 
AgNOt,  V.S.  to  a  permanent  reddish  tint.  To  this,  add  about  1  Gm.  oil  of  bitter  al- 
mond, accurately  weighed  (which  bleaches  the  solution)  and  again  titrate  with  n/lO 
AgNOi.  V.S.  to  a  permanent  red  tint.  Note  the  number  of  mils  of  silver  solution 
required  in  the  second  titration  and  then  calculate. 

Each  mil  n/10  AgNO,,  V.S.  =0.0027  mil  HON.  Each  Gm.  U.S.P.  oil«7.4  to 
14.8  mils  n/10  AgNO«.  V.S.     For  details  see  U.S.P.,  p.  285. 

VOLUMETRIC  ASSAYS  WIFH  TENTH-NORMAL  POTASSIUM  SULPHOCYANATE  V.  S. 

Silver  Nitrate, — Accurately  weizh  about  0.8  Gm.  well-dried  nitrate,  dissolve  in 
distilled  water,  add  nitric  acid  and  ferric  alum  solution  and  titrate  with  n/10  KSCN, 
V.S.    Strength,  99.8  per  cent.  AgNO|. 

Each  mil  n/10  KSCN,  V.S.  « 0.016989  Gm.  AgNO,.  Each  Gm.  U.S.P.  nitrate  = 
58.7  mils  n/10  KSCN,  V.S.     For  details  see  U.S.P.,  p.  61. 

Moulded  Silver  Nitrate. — Accurately  weigh  about  0.8  Gm.  moulded  nitrate  mixed 
with  distilled  water,  filter  off  the  silver  nitrate  solution^  washing  the  residue  and 
the  filter  with  distilled  water,  add  to  the  filtrate  nitric  acid  and  potassium  chromate 
T.S.  and  then  titrate  with  n/10  KSCN,  V.S.    Strength,  at  least  94.5  per  cent.  AgNO». 

Each  mil  n/10  KSCN.  V.S.  =0.01698  Gm.  AgNO».  Each  Gm.  moulded  nitrate  » 
55.6  mils  KSCN,  V.S.     For  details  see  U.S.P.,  p.  62. 

The  following  chemicals  are  similarly  assayed,  it  being  necessary 
however  in  each  case  to  dissolve  the  compound  in  nitric  acid  in  order  to 
eflfect  solution.     For  details  see  U.S.P. 


Chemical 

Approximate 

quantity  taken 

for  weiffhing 

Each     gramme     of 

chemical  corresponds 

to  mils  V.S. 

Indicator 

Silver  Oxide.. 

0.6  Gm. 
0.4  Gm. 

86.0  mils 
90  2  mils 

Ferric  alum 

Mercury 

Ferric  alum 

Mercurv  with  Chalk 

1.0  Gm.     .'16-Qllo  .^8.0  mils 

Ferric  alum 

Yellow  Mercuric  Oxide 

Red  Mercuric  Oxide 

0.5  Gm. 
0.5  Gm. 

91.9  mils 
91.9  mils 

Ferric  alum 
Ferric  alum 

Solution  of  Arsenic  and  Mercuric  Iodide  (for  mercuric  iodide). — ^Accurately  weigh 
about  25  grammes  of  the  solution;  add  it  to  5  mils  of  potassium  hydroxide  solution 
and  5  mils  of  formaldehyde  solution,  then  warm  imtil  all  of  the  mercuric  salt  is  re- 
duced to  metallic  mercury.  Wash  the  metal  with  distilled  water,  then  dissolve  in 
nitric  acid  and  then  titrate  with  n/10  KSCN,  V.S.,  using  potassium  chromate  solution 
as  indicator. 

Strength,  0.95  to  1.05  per  cent.  Hgl,.  Each  mil  n/10  KSCN,  VS.  -0.02277  Gm. 
Hgl,.  tich  "Gm.  U.S.P.  solution  «0.42  to  0.46  mil  n/10  KSCN,  V.S.  For  details 
see  U.S.P.,  p.  238. 

The  object  of  the  first  part  of  the  manipulation  in  the  assay  is  to  con- 
vert the  mercury  into  a  solution  of  mercuric  nitrate.  This  then  is 
directly  titrated  with  n/10  sulphocyanate  V.S.,  which  forms  an  insoluble 
mercury  sulphocyanate,  even  as  it  does  an  insoluble  silver  compound. 

Mass  of  Mercury, — Accuratelv  weigh  about  0.5  Gm.  mass  of  mercury,  add  a  mixturo 
of  sulphuric  and  nitric  acids  and  heat  on  a  sand-bath  until  a  clear  colorless  solution 
results.  Then  oxidize  the  solution  with  permanganate  solution,  decomposing  excess 
of  permanganate  with  oxalic  acid  solution.  This  solution  is  then  titrated  with  n/10 
KSCN,V.S.^  ferric  alum  being  used  aa  indicator.    Strength,  32  to  34  per  cent.  Hg. 
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Each  mil  n/10  KSCN,  V.S.  -0.01003  Gm.'  Hg.    Each  Gm.  U.S.P.  mass  -31.9  to 
33.9  mils  n/10  KSCN,  V.S.     For  details  see  U.S.P.,  p.  268. 

In  this  assay,  the  heating  of  the  mass  with  sulphuric  and  nitric  acids 
is  to  destroy  the  organic  matter  with  which  the  mercury  is  admixed.  The 
addition  of  potassium  permanganate  solution  is  to  convert  any  possible 
mercurous  salt  into  the  mercuric  form.  The  rest  of  the  assay  is  a  direct 
sulphocyanate  titration. 


VOLUIIBTiaC  ASSAYS  WITH  TENTH-NORMAL  SILVER  NITRATE  V.S.  AND  TENTH- 

NORKKAL  POTASSIUM  SULPHOCYANATE  V.S*. 

The  present  pharmacopoeia  (Part  II,  Test  5)  provides  special  direc- 
tions for  the  assay  of  bromides,  chlorides  or  iodides. 

OuUine  of  Assay  for  Chlorides* — ^Accurately  weigh  about  0.2  gramme  of  the  salt 
in  distilled  water,  add  50  mils  n/10  AeNOj,  V.S.,  acidulate  with  nitric  acid,  dilute  with 
distilled  water  and  filter.  To  the  volume  of  filtrate  representing  exactly  one-half  of 
the  original  liquid,  add  ferric  alum  solution  and  titrate  with  n/10  KSCN, V.S.  to  a 
permanent  reddish  tint.  From  this  figure,  calculate  the  amount  of  n/10  AgNOj,  V.S. 
consumed  by  the  amount  of  chloride  employed. 

For  bromides f  or  iodides,  from  0.4  to  0.5  Um.  salt  is  accurately  weighed,  is  dissolved 
in  distilled  water,  the  solution  is  treated  with  50  mils  n/10  AgNOj,V.S.,  with  ferric 
alum  solution  and  with  nitric  acid,  after  which  the  excess  of  silver  nitrate  is  titrated 
with  n/10  KSCN,  V.S. 

The  pharmacopoeia  adds  that  0.4  Gm.  solution  of  zinc  chloride  and  0.7  Gm.  stron- 
tium bromide  or  iodides  are  to  b^  used  in  the  above  assay.  For  details  see  U.S. P., 
p.  588. 

By  this  method  the  following  chemicals  are  tested : 

Potassium  Bromide, — This  is  to  be  assayed  as  directed  in  the  pharmacopoeia 
under  the  assay  for  bromides.     The  salt  must  contain,  at  least,  98.5  per  cent.  KBr. 

Each  mil  n/10  AgNOa, V.S.  =0.0119  Gm.  KBr.  Each  Gm.  U.S.P.  bromide- 
82.8  to  84.8  mils  n/lO  AgNO«,  V.S. 

In  this  assay  an  excess  of  volumetric  solution  of  silver  bromide  is 
added,  and  after  precipitation  of  silver  bromide,  the  silver  still  remaining 
in  solution  is  titrated  with  potassium  sulphocyanate.  The  calculations 
whereby  the  figures  given  in  the  assay  are  obtained  are  as  follows: 

By  reference  to  the  equivalent  tables  given  on  p.  572  we  find: 
1  mil  If/10  AgN08,V.S.  =0.011902  Gm.  KBr,  or  reversed,  0.011902  Gm.  KBr  takes  1 

mn  n/10  AgNOa,V.S.     Then  1.00  Gm.  KBr  takes  \^^  X 1  mil  n/10  AgN0,,V.8. 

or  1.00  Gm.  KBr  takes  about  84  mils  n/10  AgNO,,V.S. 

The  other  chlorides,  bromides  and  iodides  may  be  titrated  as  follows: 


Chemical 


Amount  of  chemical 
!  taken    to   be    weighed 


Eaoh    gramme    of    chemical 
corresponds  to   mils   V.S. 


Potassium  Iodide. ...... 

Sodium  Bromide 

^dium  Chloride 

ktdiuin  Iodide 

!iitliium  Bromide 

Vjnxnonium  Bromide. . . . 
LmTtionium  Chloride. . . . 

Lznmonium  Iodide 

calcium  Bromide 

'Calcium  Chloride 

'trontium  Bromide 

trontiiim  Iodide 

'due  Chloride 

olut;ion  of  Zinc  Chloride 
arsenic  Iodide 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 


.4  Gm. 
.4  Gm. 
.25  Gm. 
.5  Gm. 
.  35  Gm. 
.40  Gm. 
.2  Gm. 
.5  Gm. 
.4  Gm. 
.3  Gm. 
.8  Gm. 
.0  Gm. 
.3  Gm. 
.6  Gm. 
.5    Gm. 


59.6  to    60. 

95. 

169. 

66.3  to  67. 

79. 

100. 5  to  103. 

186. 

68.2  to  70. 

84. 

135. 

55.1  to  56. 

44. 

139. 

71.9  to  74. 

65. 


98  mils 


7 
3 
7 
9 
4 
0 
1 
0 
0 
6 
0 
4 
8 


mils 
mils 
mils 
mils 
mils 
mils 
mils 
mils 
mils 
mils 
mils 
mils 
mils 


1 7  mils 
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For  detaiLi  see  U.S.P. 

PotasHum  NUraU. — ^Accorately  weigh  about  0.4  Gm.  well-dried  nitrate,  dinoHe 
in  10  mils  of  hydrochloric  acid^  evaporate  the  solution  to  dryness  on  a  water-bath; 
repeat  treatment  with  hydrocnloric  acid  and  evaporation,  then  dissolve  in  water 
and  assay  for  chlorides,  as  above.  The  pharmacopoeia  directs  that  another  sample 
of  nitrate  be  assayed  for  chlorides  and  this  be  considered  in  the  calculations  of  tiie 
assay  for  nitrate. 

fiwjh  mil  n/10  AgNO,,  V.S. -0.01011  Gm.  KNO,.  Each  Gm.  U.S.P.  nitrate 
«  at  least  97.9  mils  n/10  AgNOa,  V.S.    For  details  see  U.S.P.,  p.  341. 

In  the  foregoing  assay,  the  nitrate  is  heated  with  hydFOchloric  acid 
and  the  resulting  chloride  is  then  n/10  silver  nitrate  V.S.  and  n/10 
sulphocyanate  V.S. 

Similar  residual  assays  are  provided  for  the  following  official  chem- 
icals: 

DHuUd  Hydriodic  Acid, — Accurately  weigh  about  5  mils  of  diluted  hydriodic 
acid,  dilute  with  distilled  water,  add  50  mils  n/10  AgNOt,  V.S.  and  shake.  Addulate 
with  nitric  acid,  add  ferric  alum  solution  and  then  titrate  the  excess  of  sdlver  nitrate 
with  n/10  KSCN,  V.S.  From  the  amount  used,  calculate  the  amount  of  n/10  AgNOi, 
V.S.  consumed  by  the  hydriodic  acid.    Strength,  9.5  to  10.5  per  cent.  HI. 

Each  mil  n/10  AgNO,,  V.S.  =0.012793  Gm.  HI.  Each  Gm.  U.S.P.  acid  -7.4  to 
8.2  mils  n/10  AgNO,,  V.S.    For  details  see  U.S.P.,  p.  12. 

Syrup  of  Hydriodic  Acid. — Like  the  foregoing  except  take  exactljr  25  mils  of  the 
syrup,  add  40  mils  of  n/10  AgNO,  and  proceed  with  residual  titration.  E^h  100 
mils  of  syrup  takes  101.6  to  113.3  mils  V.S.    For  details  see  U.S.P.  p  ,  427. 

Syrup  of  Ferrous  Iodide, — Exactly  as  in  assay  of  diluted  hydriodic  acid,  except 
that  10  Gm.  syrup  are  accurately  weighed.  Each  gramme  equals  3.07  to  3.4  mils 
VS.      For  details  see  U.S.P.,  p.  429. 

Phosphoric  Acid. — Accurately  weigh  about  1  Gm.  phosphoric  acid  and  dilute  witii 
distilled  water  to  100  mils.  Take  10  mils  of  this  dilution,  neutralize  it  with  sodium 
hydroxide  solution,  add  50  mils  n/10  AgNO,,  V.S.,  then  zinc  oxide  and  then  enoii^ 
distilled  water  to  make  100  mils.  Filter,  add  to  50  mils  of  filtrate,  nitric  acid  and  ferric 
alum  solution  and  then  titrate  the  excess  of  silver  nitrate  with  n/10  KSCN,  V.S. 
From  the  amount  of  sulphocyanate  V.S.  used  calculate  the  amount  of  n/10  AgNOt, 
V.S.  consumed  by  the  phosphoric  acid.    Strength,  85  to  88  per  cent.  H,P04. 

Each  mil  n/10  AgNO,, VS.  =0.00326  Gm.  H,P04.  EachGm.  U.S.P.  acid -260 
to  269.2  mils  n/10  AgNO,, V.S.    For  details  see  U.S.P.,  p.  21. 

The  following  chemicals  are  assayed  like  phosphoric  acid.  For 
details  see  U.S.P. 


Chemical 

Amount  of  chemicala 
taken  to  be  wei^bed 

Each    sramme    of    ohemiosl 
oorreeponda  to  znila   V.S. 

Diluted  Phosphoric  Acid 

Imil 
0 . 4  gm. 
0.2  gm. 
0.76  gm. 
1 . 0  gm. 
0.4  gm. 

29.0  to    31.2  mils 

Sodium  Phosphate 

30.2  to    44.0  mils 

Sodium  Phosphate  Exsiccated 

Calcium  HyDODhosphite 

207.0  mils 
345.5  mils 

Potassium  Hvpophosphite 

282.3  mils 

Sodium  Uvpophosphite 

39.25  to  44.0  mils 

Volatile  Oil  of  Mustard. — Accurately  weigh  about  4  mib  of  the  oil,  and  diasohre 
it  in  enough  alcohol  to  make  100  mils.  Mix  5  mils  of  this  solution  with  30  mils  n/10 
AgN03,V.S.  and  with  ammonia  water,  heat  in  flask  provided  with  a  reflux  condenser 
on  a  water-bath  for  one  hour,  then  cool,  dilute  with  distilled  water,  filter  and  titrate 
one-half  of  the  filtrate  (after  adding  nitric  acid  and  ferric  alum  solution)  with  n/10 
KSCN, V.S.  From  the  amount  of  this  solution  used  calculate  the  amount  of  si^er 
nitrate  consumed  by  the  oU.     Strength,  at  least,  92  per  cent,  allyl  iso-thiocjranate. 

Each  mil  n/10  AgNOt,V.S. » 0.00495  Gm.  allyl  iso-thiocyanate.    For  details 
U.S.P.,  p.  302. 
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CHAPTER  LV 
ASSAYS  OF  ORGANIC  SUBSTANCES 

PHARMACEUTIC  ASSAYING 

AsiDB  from  the  volumetric  estimation  of  organic  acids  described  on  p. 
890  mider  Alkalimetry,  there  are  several  forms  of  volimietric  assays 
peculiar  to  organic  substances.  These  include  estimation  of  saponifica- 
tion number  and  iodine  absorption  niunber  of  oils  and  fats;  the  acid 
number  of  resins;  that  modification  of  acidimetry  applied  in  alkaloidal 
assays,  as  well  as  the  special  assay  of  sugars  with  Fehling's  solution  and  of 
phenol  with  Koppeschaar's  solution.  These  will  be  considered  in  this 
chapter. 

ALKALOIDAL  ASSAYS 

OFFICIAL  ASSAYS  IN  WHICH  THE  ALKALOID  OR  PRINCIPLE  IS  WEIGHED 

As  already  outlined  on  p.  859,  the  official  assays  for  alkaloids  naturally 
fall  into  two  groups — the  isolation  of  the  alkaloid  and  the  estimation  of 
the  isolated  alkaloid  either  by  direct  weighing  or  by  estimation  by  titration 
with  decinormal  or  centinormal  acid  (or  indirectly  by  titrating  excess  of 
acid  with  volumetric  alkali  solution).  As  already  mentioned,  the  alkaloid 
is  isolated  by  extracting  the  drug  with  aqueous  (either  plain  or  acidulated) 
media,  the  alkaloid  set  free  by  addition  of  alkali,  and  the  freed  alkaloid 
separated  by  ''shaking  out"  with  a  solvent  immiscible  with  water.  The 
pharmacopoeial  details  of  the  ''shaking  out''  process  are  outlined  below. 

The  pharmacopoeia  (p.  693)  gives  minute  general  directions  for  con- 
ducting alkaloidal  assays  and  the  monograph  should  be  carefully  read  by 
all  students.  It  discusses  the  "shaking  out"  process  with  suggestions  as 
to  the  separation  of  the  chloroformic  or  the  ethereal  layer.  The  determina- 
tion as  to  whether  the  aqueous  layer  has  been  freed  from  alkaloids;  the 
care  required  in  the  evaporation  of  the  chloroformic  or  ethereal  extract; 
the  best  way  of  avoiding  emulsions  in  the  "shaking  out"  process;  and  the 
choice  of  indicators,  when  the  alkaloid  is  titrated. 

Otttline  of  Assay  of  Cinchona. — Extract  5  Gm.  powdered  cinchona  with  a  mixture 
of  chloroform,  ether,  ammonia  water  and  water.  From  this  mixture  decant  the 
amount  of  clear  fluid  representing  4  Gm.  drug.  Filter  into  a  separator  and  shake  out 
nrjth  weak  sulphuric  acid.  Put  the  acid  solution  in  another  separator,  make  alkaline 
lyith  ammonia  water,  shake  out  with  chloroform,  evaporate  the  chloroformic  extracts 
ind  after  purifving  by  dissolving  in  alcohol  and  again  evaporating  to  dr3mess,  at 
100**C.,  weigh  tne  alkaloidal  residue.     For  details  see  U.S.P.,  p.  112. 

Outline  of  Assay  of  Fluidextract  of  Cinchona. — Distribute  5  mils  of  the  flui^ji- 
ix tract  over  purified  sawdust  and  after  evaporating  to  dryness  at  80^C.,  proceed  to 
issay  as  in  the  case  of  cinchona.     For  detail  see  U.S.P.,  p.  181. 

Outline  of  Assay  of  Tincture  of  Cinchona. — Concentrate  25  mils  of  the  tincture  by 
leatins  on  a  water-bath  to  15  mils,  mix  with  purified  sawdust,  dry  at  80°C.  and  then 
yroceecL  as  in  the  cinchona  assay. 

Tlie  As8i^  of  Compound  Tincture  of  Cinchona  is  like  that  of  the  simple  tincture 
except  that  50  mils  of  the  compound  tincture  are  taken. 

From  the  above  assays  it  is  seen  that  the  process  of  manipulation  is 
ledious  and  intricate.  It  can  be  noted,  however,  that  there  are  really 
hree  steps  in  the  process:  the  extraction  of  the  drug  with  ether  and  chloro- 
orm ;  the  shaking  <mt,  first,  with  normal  sulphuric  acid  and  water,  then 
after  rendering  alkaline)  with  chloroform  and  lastly,  evaporation  of 
olution  and  weighing  of  alkaloids.  The  "separator''  mentioned  in  the 
bssay  means  one  of  the  separatory  fimnels  pictured  on  p«  141. 
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OtttUne  of  Assay  of  Colchicum  Seed. — Digest  15  Gm  j>owdeTed  seed,  with  solution 
of  lead  subacetate  and  distilled  water,  at  60°  to  70^0;.  for  three  hours,  then  cool, 
dilutewith  distilled  water.  Filter,  precipitate  the  lead  from  the  filtrate  with  sodium 
phosphate  and  again  filter.  Of  the  second  filtrate,  put  the  amount  representing 
5  Gm.  colchicum  seed  into  a  separator,  shake  out  with  chloroform  and  evaporate 
the  chloroformic  extracts  to  drjmess.  Purify  by  dissolving  in  alcohol  and  then  evapo- 
rate ag;ain  and  then  wei^h  the  alkaloidal  residue.  Treat  this  residue  with  n/20 
HsSOi.  v.S.  collect  the  portion  insoluble  in  this  acid  upon  a  pledget  of  absorbent  cotton 
and  alter  washing  and  partially  drying  it.  Then  dissolve  this  residue  in  alcohol 
followed  by  ether,  evaporate  the  alcohol-ether  filtrate,  weigh  what  matter  is  left 
after  the  evaporation,  and  subtract  this  weight  from  the  weight  of  the  original 
alkaloidal  residue.  Tne  difference  represents  the  amount  of  colchicine  in  5  Gm. 
colchicum  seed.     For  details  see  U.S.P.,  p.  120. 

The  Assay  of  Colchicum  Corm  is  like  wat  of  the  seed;  starting  with  15  grammes  of 
the  corm. 

The  Assay  of  Extract  of  Colchicum  Conn  is  like  that  of  the  seed,  except  that  6  Gm. 
extract  are  taken  and  the  weight  of  the  purified  residue  shows  the  amount  of  colchicine 
in  2  Gm.  extract. 

The  Assay  of  Fluidextract  of  Colchicum  Seed  is  like  that  of  the  seed,  except  that 
15  mils  of  the  fluidextract  are  taken  and  the  treatment  with  solution  of  lead  subace- 
tate  is  slightly  different.     For  details  see  U.S.P.^  p.  182. 

The  Assay  of  Tincture  of  Colchicum  Seed  is  hke  that  of  the  seed,  except  that  150 
mils  of  the  tincture  are  evaporated  on  a  water-bath  to  about  20  mUs  and  that  the 
treatment  with  solution  of  lead  subacetate  and  water  is  slightly  different.  For 
details  see  U.S.P.,  p.  453. 

Outline  of  Assay  of  Cantharides. — Extract  15  Gm.  powdered  cantharides  with  a 
mixture  of  benzene,  purified  petroleum  benzin  and  hydrochloric  acid,  macerating 
for  twelve  hours  and  then  digesting  for  three  hours  at  40'*C.  Decant  the  amount 
of  clear  fluid  representing  10  Gm.  cantharides,  evaporate  spontaneously  to  about  5 
mils,  add  5  mils  of  chloroform  and  evaporate  to  dryness  spontaneously  in  a  warm 
place.  Purify  the  crystalline  residue  by  washing  with  a  saturated  solution  of  can* 
tharidin  in  dehydrated  alcohol  and  purified  petroleum  benzin,  imtil  it  is  free  from  fat 
and  color.  Then  dissolve  the  crystalline  residue  in  chloroform,  evaporate  the  chloro- 
form with  the  aid  of  a  blast  of  air^  drsr  the  crystals  at  60^*0.  and  weigh.  The  weifdbt 
represents  tlie  amount  of  canthandin  in  10  Gm.  cantharides.  For  details  see  U.8^., 
p.  100. 

Outline  of  Assay  of  Guarana. — ^Extract  6  Gm.  i>owdered  ^anuuu  with  a  mixture 
of  chloroform  and  ammonia  water  by  maceration  with  agitation.  Filter  the  mixture 
and  taking  the  amount  of  filtrate  representing  5  Gm.  guarana,  evaporate  it  to  dry- 
ness, dissolve  the  evaporated  residue  m  weak  smphuric  acid,  transfer  the  acid  solution 
to  a  separator,  make  alkaline  with  ammonia  water  and  shake  out  with  several  portions 
of  chloroform.  Evaporate  the  chloroformic  extracts  at  SO^'C.  and  weign.  The 
weight  represents  the  caffeine  in  5  Gm.  guarana.    For  details  see  U.S.P.,  p.  212. 

Outline  of  Assay  of  Fluidextract  of  Guarana. — Mix  5  mils  of  the  fluidextract 
with  1  mil  of  ammonia  water  in  a  separator,  shake  out  with  chloroform,  evaporate 
the  chloroformic  extract,  then  dissolve  the  residue  in  distilled  water  and  filter.  Trans- 
fer the  aqueous  fiiltrate  to  a  separator,  shake  out  with  chloroform  and  evaporate  the 
chloroformic  extracts  to  constant  weight  at  80^0.     For  details  see  U.S.P.,  p.  186. 

Jalap  is  assayed  by  extraction  and  weighing,  but  as  the  assay  is  a 
pyrely  physical  process,  involving  no  chemical  change  and  no  '^  shaking 
out,"  it  is  placed  under  the  discussion  of  the  drug  on  p.  646.* 

Scammony  Root  is  assayed  just  as  is  jalap. 

Asafetida  is  assayed  for  its  alcohol  solubility.  The  method  is  given 
on  p.  777. 

OFFICIAL  ASSAYS  IN  WHICH  THE  ALKALOID  IS  TITRATED 

Outline  of  Assay  of  Belladonna  Root. — Extract  15  Gm.  powdered  beUadonna 
root  with  a  mixture  of  chloroform,  ether  and  ammonia  water.  After  proper  macera- 
tion, decant  the  amoimt  of  clear  fluid  representing  10  Gm.  drug,  transfer  it  to  a 
separator  and  shake  out  with  weak  sulphunc  acid.  Put  the  acid  extracts  in  another 
separator,  make  alkaline  with  ammonia  water  and  shake  out  with  chloroform.  Evap- 
orate the  chloroformic  extracts  to  dryness,  dissolve  the  residue  in  exactly  5  mils  n/lO 


p.  73. 


.S.  and  titrate  excess  of  acid  with  n/50  KOH.  V.S.    Indicator,  cochineal  T.8. 
Each  mil  n/10  H2SO4,  V.S.  »0.02892  Gm.  alkaloids.    For  details  see  U.&P., 
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Outline  of  Assay  of  Flitideztract  of  BoHadoima  Root. — Mix  10  mils  of  the  fluid- 
extract  with  distilled  water  and  ammonia  water  in  a  separator.  Shake  out  with  several 
portions  of  chloroform,  transfer  the  chloroformic  extracts  to  another  separator  and 
shake  out  with  weak  sulphuric  acid.  Transfer  the  acid  extracts  to  another  separator, 
make  alkaline  with  ammonia  water  and  shake  out  with  chloroform.  Evaporate  the 
chloroformic  extracts  to  dr^ess,  dissolve  the  residue  in  exactly  5  mils  n/10  HtSO^ 
V.S.  and  titrate  excess  of  acid  with  n/50  KOH,  V.S.     Indicator,  cochineal  T.S. 

Each  mil  n/10  HsSOf,  V.S.  »0.02892  Gm.  alkaloids.  For  details  see  U.S.P., 
p.  178. 

The  Assay  of  Belladonna  Leaves  is  like  that  of  belladonna  root,  except  slight  changes 
the  amount  of  water  used  and  the  fact  that  the  residue  before  titration  is  treated  with 
ether.    For  details  see  U.8.P.,  p.  72. 

Outline  of  Assay  of  Pilular  Extract  of  Belladonna  Leaves. — Dissolve  2  Gm.  extract 
in  10  mils  of  diluted  alcohol,  transfer  to  a  separator,  make  alkaline  with  ammonia 
water  and  proceed  as  in  the  assay  of  the  fluidextract.  For  minor  variations  and  other 
details  see  U.S. P.,  p.  145. 

Outline  of  Assay  of  Powdered  Extract  of  Belladonna  Leaves. — Mix  3  Gm.  powdered 
extract  with  washed  sand,  macerate  with  a  mixture  of  chloroform,' ether  and  ammonia 
water,  decant  an  amoimt  of  the  clear  fluid  representing  2  Gm.  extract  and  proceed 
as  in  the  assay  of  belladonna  root.  For  minor  variations  and  other  details  see  U.S.P., 
p.  146. 

Outline  of  Asaav  of  Tincture  of  Belladonna  Leaves. — Evaporate  100  mils  of  the 
tincture  in  a  water-bath  to  about  10  mils  and  proceed  as  in  the  assay  of  fluidextract 
of  belladonna  root.     For  minor  variations  and  other  details  see  U.S. P.,  p.  448. 

Outline  of  Assay  of  Belladonna  Plaster.-^Extract  10  Gm.  belladonna  plaster  in 
strips  with  chloroform,  alcohol  and  some  ammonia  water.  After  the  mass  nas  sepa- 
rat4^  from  the  cloth  tbase,  dry  the  cloth,  weigh  it  and  subtract  its  weight  from  the 
weight  of  the  spread  plaster.  Then  pour  tne  chloroform-alcohol  solution  into  a 
separator,  mix  with  distillodVater,  draw  off  the  chloroform  layer,  transfer  it  to  another 
separator  and  rinse  it  out  with  more  water.  Combine  with  aqueous  extracts,  shake 
them  out  with  more  chloroform,  which  is  to  be  mixed  with  the  original  chlon^orm 
extract.  The  mixed  chloroform  solution  is  then  shaken  out  several  times  with  weak 
sulphuric  acid,  the  acid  extracts  are  put  with  another  separator,  are  made  alkaline 
with  ammonia  water  and  are  shaken  out  with  chloroform.  The  filtered  chloroform 
extracts  are  evaporated  to  dryness,  the  residue  is  dissolved  in  exactly  5  mils  of  n/10 
H2S04,  V.S.  and  the  excess  of  acid  is  titrated  with  n/50  KOH,  V.S.  Indicator,  cochineal 
T.S.     For  details  see  U.S.P.,  p.  134. 

The  Assay  of  Aconite  is  like  that  for  bellcuionna  root,  except  that  ether  is  used  as 
the  immiscible  solvent.     For  details  see  U.S. P.,  p.  30. 

The  Assay  for  Extract  of  Aconite  is  like  that  of  belladonna  root  except  that  the 
extract  is  mixed  with  washed  sand,  then  macerated  with  ether  and  ammonia  water 
and  the  amount  of  clear  fluid  representing  2  Gm.  extract  is  decanted  and  used  in  the 

Srocess.  Another  difference  is  the  fact  that  ether  is  used  as  the  immiscible  solvent, 
ee  U.S.P.,  p.  144. 

The  Assay  for  Fluidextract  of  Aconite  is  like  that  of  belladonna  root,  except  that 
ether  is  used  as  the  immiscible  solvent  and  that  15  mils  of  the  fluidextract  are  mixed 
with  purified  sawdust  and  dried  prior  to  maceration  with  ether  and  ammonia  water. 
For  details  see  U.S. P.,  p.  177. 

The  Assay  for  Tincture  of  Aconite  is  like  that  of  the  fluidextract  except  that  150 
mils  of  the  tincture  are  concentrated  to  about  20  mils,  mixed  with  purified  sawdust 
dried  and  then  macerated  with  ether  and  ammonia  water.  For  details  see  U.S. P., 
p.  445. 

The  Assay  of  Hydrastis  is  like  that  of  belladonna  root,  except  that  ether  is  used  as 
the  inuniscible  solvent  and  that  the  amount  of  ethereal  solution  representing  5  Gm. 
drugia  taken  to  complete  the  assay.     For  other  minor  details  see  U.S.  P.,  p.  224. 

The  Assay  of  Extract  of  Hydrastis  is  like  that  of  belladonna  root,  except  that  the 
extract  is  mixed  with  washed  sand,  is  macerated  with  ether  and  ammonia  water  and 
that  an  amount  of  the  clear  fluid  representing  2  Gm.  extract  is  decanted  and  used. 
Another  difference  is  the  use  of  ether  as  the  immiscible  solvent.  For  details  see 
U.S.  P.,  p.  154. 

The  Assay  of  Fluidextract  of  Hydrastis  is  like  that  of  fluidextract  of  belladonna  root, 
except  that  5  mils  of  the  fluidextract  are  used  and  that  the  immiscible  solvent  is  ether. 
For  details  see  U.S. P.,  p.  186. 

The  Assay  for  Glvcerite  of  fiLydrastis  resembles  that  of  the  fluidextract.  For  minor 
differences  and  for  details  see  U.S. P.,  p.  205. 

The  Assay  for  Tincture  of  Hydrastis  is  like  that  of  the  fluidextract  except  that 
50  mils  of  tincture  are  taken  and  are  concentrated  to  about  10  mils  before  proceeding 
with,  the  assay.    For  details  see  U.S.P.,  p.  456. 
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The  Assav  of  ^oscf  amus  is  like  that  of  belladonna  root.  For  minor  differences 
and  for  details  see  U.S.P.,  p.  225. 

The  Assay  of  Bztract  of  Hyoscyamus  is  like  that  of  pilular  extract  of  belladonna 
leaves  except  that  5  Gin.  extract  are  used.     For  details  see  U.S.P.,  p.  155. 

The  Assay  of  Fltudextract  of  Hyoscyamus  is  like  that  of  fluidexttact  of  belladonna 
root  except  that  25  mils  of  the  fluidextraet  are  used.  For  minor  differences  and  for 
details  see  U.S.R.  p.  187. 

The  Assay  of  Tincture  of  Hyoscyamus  is  like  that  of  fluidextraet  of  belladonna  root, 
except  that  250  mils  of  the  tincture  are  concentrated  to  10  mils  before  proceedinfc 
with  the  assay.     For  other  minor  differences  see  U.S. P.,  p.  457. 

The  Assay  of  Ipecac  is  like  that  of  belladonna  root  except  that  ether  is  used  as  the 
immiscible  solvent  and  that  the  amoimt  of  ethereal  extract  representing  5  Gm.  dni|c 
is  used  in  the  assay.     For  other  minor  differences  see  U.S.P.,  p.  230. 

Outline  of  Assay  of  Fluidextraet  of  Ipecac. — Mix  10  mils  of  the  fluidextraet 
with  purified  sawdust,  dry  at  80^C.,  and  macerate  with  a  mixture  of  ether  and  ammonia 
water.  ^  Then  decant  the  amount  of  clear  fluid  representing  5  mils  of  the  fluidextraet, 
put  it  in  a  separator  and  shake  out  with  weak  sulphuric  acid.  Put  the  acid  solution 
m  another  separator,  make  alkaline  with  ammonia  water  and  shake  out  with  ether. 
EiVaporate  the  ethereal  extracts  to  dryness,  dissolve  residue  in  exactly  10  mils  n/10 
HsSOi,  V.S.  and  titrate  excess  of  acid  with  n/50  KOH,  V.S.  Indicator,  cochineal 
T.8.     For  details  see  U.S.P.,  p.  188. 

The  Assay  of  Nux  Vomica  is  like  that  of  belladonna  root,  except  minor  details, 
such  as  the  amount  of  ammonia  water  and  of  n/10  HsSOi,  V.S.  used  and  the  time  of 
shaking  and  maceration.     See  U.S.P.,  p.  281. 

The  Assay  of  Extract  of  Nux  Vomica  is  like  that  of  belladonna  root,  except  that  the 
extract  is  mixed  with  washed  sand,  is  macerated  with  a  mixture  of  ether,  chloroform 
and  ammonia  water  and  that  the  amount  of  clear  fluid,  representing  2  Gm.  extract,  is 
decanted  and  assayed.  Then  the  amount  of  n/10  HsS04,  V.S.,  used  to  dissolve  the 
residue  is  10  mils.    For  details  see  U.S. P.,  p.  157. 

The  Assay  of  Fluidextraet  of  Nux  Vomica  is  like  that  of  fluidextraet  of  belladonna 
root,  except  that  10  mils  n/10  H^SOi,  V.S.  are  used  to  dissolve  the  residue.  For 
details  see  U.S.R.  p.  189. 

The  Assay  of  Tincture  of  Nux  Vomica  is  like  that  of  fluidextraet  of  belladonna  root, 
except  that  100  mils  of  the  tincture  are  concentrated  to  about  10  mils,  before  proceed- 
ing with  the  assay  .     For  other  minor  differences  see  U.S.P.,  p.  461. 

Outline  of  Assay  of  Opium. — Carefully  extract  8  Gm.  opium  with  distilled  water. 
Evaporate  the  aqueous  filtrate  and  washings  on  a  water-bath  to  about  40  Gm.  and  then 
dilute  with  enough  distilled  water  to  m£Uce  exactly  50  mils  of  fluid.  Mix  this  with 
pure,  freshly  slaked  lime,  dilute  with  water,  filter  and  macerate  the  amount  of  filtrate 
representing  4  Gm.  opium  with  a  mixture  of  alcohol,  ether  and  ammonium  chloride. 
Wash  the  resulting  cr^^tals  of  morphine,  first  with  ether^  then  with  a  saturated,  aoueous 
solution  of  morphine,  dissolve  them  in  exactly  20  mils  n/10  HsS04,  V.S.  ana  then 
titrate  excess  of  acid  with  n/50  KOH,  V.S.  Indicator,  cochineal  T.S.  For  details 
see  U.S.P.,  p.  306. 

Powdered  Opium,  Deodorized  Opium  and  Gnmulated  Opium  are  assayed  just  as 
is  opium. 

The  Assay  of  Extract  of  Opium  is  like  that  of  opium,  except  that  in  starting,  4  Gm. 
extract  are  dissolved  in  distilled  water,  filtered  and  the  filter  is  washed  with  enou^ 
water  to  make  50  mils.  This  filtrate  is  then  treated  with  lime.  For  details  see  U.S.P. 
p.  158. 

The  Assay  of  'Hncture  of  Opium  is  like  that  for  opium  except  that  in  8tarting80 
mib  of  the  tincture  is  heated  on  a  water-bath  until  all  of  the  alcohol  is  removed.  The 
residue  is  then  diluted  with  water  and  treated  with  lime.  For  details  see  U.S.P., 
p.  462. 

Tincture  of  Deodorized  Opium  is  assaved  just  as  is  the  simple  tincture. 

Outline  of  Assay  of  Physostigma. — Macerate  15  Gm.  physostigma  with  a  mixture 
of  ether,  distilled  water  and  sodium  bicarbonate,  decant  off  the  amount  of  clear 
liquid  representing  10  Gm.  drug.  Add  to  this  filtered  ethereal  solution  20  mils  n/10 
HsS04,  V.S.  and  then  evaporate  the  ether.  Pour  off  the  acid  liquid  from  the  resin 
and  fat  into  a  separator  and  treat  the  resin  and  fat  with  more  ether  and  n/10  HsSO^ 
V.S.  and  continue  doing  this  until  all  of  the  alkaloids  have  been  dissolved  by  the  acid. 
Then  make  the  acid  solution,  alkaline  with  sodium  bicarbonate  solution  and  shake 
out  with  ether.  Wash  the  ethereal  extract  with  distilled  water  then  evaporate  it 
to  dryness.  Dissolve  the  residue  in  exactly  5  mils  n/10  HsSGi,  V.S.  and  titrate  the 
excess  of  acid  with  n/50  KOH,  V.S.  Indicator,  cochineal  T.S.  For  details  see  U.S.P., 
p.  320. 

The  Assay  of  Extract  of  Physostigma  is  like  that  of  physostigma,  except  that,  in 
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starting,  3  Gm.  extract  are  mixed  with  washed  sand  and  then  mixed  with  ether, 
distilled  water  and  sodium  bicarbonate.     For  details  see  U.S. P.,  p.  160. 

The  Assay  of  Tincture  of  Physostigma  is  like  that  of  physostigma,  except  that  in 
starting;,  150  mils  of  the  tincture  are  concentrated  to  about  20  mils,  the  evaporated 
liquid  18  mixed  with  purified  sawdust  and  dried  and  the  dry  mixture  is  then  treated 
with  ether,  distilled  water  and  sodium  bicarbonate.     For  details  see  U.S.P.,  p.  464. 

The  Assay  of  Pilocarpus  is  like  that  of  belladonna;  15  Gm.  drug  being  used.  For 
minor  differences  see  U.S.P.,  p.  323. 

The  Assay  of  Fluidextract  of  Pilocarpus  is  like  that  of  belladonna  root,  except  that, 
in  starting,  15  mils  of  the  fluidextract  are  mixed  with  purified  sawdust  ana  the  mixture 
is  evaporated  to  dr^ess.  before  macerating  with  chloroform,  ether  and  ammonia 
water.     For  other  mmor  aifferences  see  U.S.P..  p.  190. 

The  Assay  of  Stramonium  is  hke  that  of  bellsulonna  root;  15  Gm.  drug  being  used. 
The  main  difference  is  the  treatment  of  the  alkaloidal  residue  with  ether,  prior  to 
titration.     For  details  see  U.S.P.,  p.  411. 

The  Assay  of  Powdered  Extract  of  Stramonium  is  exactly  like  that  of  the  powdered 
extract  of  belladonna. 

The  Assay  of  Pilular  Extract  of  Stramonium  is  exactly  like  that  of  the  pilular  extract 
of  belladonna. 

The  Assa3fr  of  Tincture  of  Stramonium  is  like  that  of  fluidextract  of  belladonna  root, 
except  that,  in  starting  100  mils  of  the  tincture  are  concentrated  to  about  10  mils, 
before  mixing  with  distilled  water  and  ammonia  water.  For  other  minor  differences 
see  U.S.P.,  p.  467. 

It  might  be  well  to  give  brief  consideration  to  the  arithmetic  of  alka- 
loidal titration. 

Taking  aconite  as  a  type,  it  will  be  well  to  notice  that  it  is  stated  in 
the  assay  of  the  drug  the  fluidextract  and  the  tincture  that  each  mil  of 
n/10  H2SO4,  V.S.  corresponds  to  64.539  milligrammes  of  aconitine.  This 
figure  it  will  be  noted,  is  an  exact  decimal  fraction  of  the  molecular 
weight  of  aconitine,  645.39.  That  1  mil  n/10  H2SO4,  V.S.  equals  64.539 
milligrammes  can  be  proven  by  following  the  regular  process  of  finding 
the  equivalent  value  for  that  amount  of  volumetric  solution.  Repeating 
the  process  in  this  special  case: 

H2SO4        +       2C,4H47NOii        =        (C,4H47NOu)lH,S04 

One  molecule        Two  molecules  Aoooitixie  sulphate, 

sulphuric  acid.  aconitine. 

98.00  2X646.39 

Remembering  (p.  884)  that  1  mil  tenth-normal  H2S04  =  0.0049045 
Gm.  absolute  H2SO4,  we  see — 

That  98.07  Gm.  absolute  H2SO4  that  =  2  X  645.39  Gm.  aconitine, 
40.045  Gm.  absolute  H2SO4  »  645.39  Gm.  aconitine. 

And  that  0.0049045  Gm.  absolute  H,S04    =  Tq"^  X  645.39  Gm.  aconitine,  or 

0.064539  Gm.  aconitine 
or  64.539  milligrammes 
of  aconitine. 

This  method  of  reasoning  applies  to  all  of  this  class  of  assays;  the 
lefinite  numeric  factor  being  the  molecular  weight  of  the  appropriate 
ilkaloid  divided  by  10,000;  the  amount  of  alkaloid  (expressed  in  grammes) 
leutralized  by  one  mil  of  tenth-normal  sulphuric  acid  V.S. 

SPECIAL  ACIDIMETRIC  ASSAYS  OF  VOLATILE  OILS 

Aldehydes  and  volatile  oils  containing  them  can  be  indirectly  assayed 
)y  acidimetric  processes.  The  present  pharmacopoeia  provides  assays 
>f  this  character  for  benzaldehyde  and  for  six  volatile  oils. 

Outiine  of  Assay  of  Benzaldehyde. — Titrate  25  mils  of  a  freshly  prepared  alcoholic 
olution  of  phenylhydrazine  with  n/2  HCl,  V.S.,  using  methyl  orange  T.S.  as  an 
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indicator.  Mix  about  1  Gm.  benzaldehyde,  accurately  weighed,  with  another  25 
mils  of  the  same  pheuylhydrasine  solution,  let  stand  for  thirty  minutes,  add  methyl 
orange  T.S.  and  then  add  a  known  excess  of  n/2  HCL  V.S.  FUter  the  mixture  and 
then  titrate  the  filtrate  and  washings  with  n/2  KOH,  V.S.  From  the  amount  of 
alkali  V.S.  required,  calculate  the  amount  of  n/2  HQ,  V.S.  consimied  bv  the  exceas 
of  phen^rlhydrazine  and  from  this,  the  amount  of  bensaldehyde  may  be  deduced.  The 
factor  given  by  the  pharmacopoeia  is  0.053.  (See  below.)  For  details  see  U.S.P., 
p.  74. 

This  assay  is  based  upon  the  following  principles:  Phenylhydrazine 
is  an  organic  base  and  is  neutralized  by  acids  (such  as  HCl)  in  molecular 
proportions.  It  also  combines  in  molecular  proportions  with  aldehydes. 
The  HCl  value  of  a  certain  phenylhydrazine  solution  is  determined 
by  titration;  another  batch  (same  volume)  of  the  same  hydrazine  so- 
lution is  treated  with  a  definite  amount  of  aldehyde  and  its  hydro- 
chloric acid  value  is  determined  by  residual  titration.  The  sample  to 
which  the  aldehyde  has  been  added  will,  of  course,  require  less  acid  for 
neutrahzation  than  did  the  original  phenylhydrazine  solution,  since 
a  portion  of  the  hydrazine  was  used  up  in  combining  with  the  aldehyde. 
The  reaction  runs 

Benzaldehyde  Phenylhydrazine  Aldehyde  compound  Water 

CeHsCHO  +  H2N   -   NHCeHs    =   CeH^CH   =   NNHCeH^  +  H,0 
The  neutralization  of  the  hydrazine  can  be  expressed  as  follows: 

NHCeHft 


H2N— NHCeHfi  +  HCl  = 

NHjCl 

Hence  one  molecule  hydrochloric  acid  indirectly  represents  one  mole- 
cule benzaldehyde. 
Hence  36.47      Gm.  absolute  HCl  =  106.05  Gm.  absolute  benzaldehyde, 

0.01832  Gm.  absolute  HCl    f  _       ^^2       v. , ^a  nt;  -  n  rn^Q 
(amount  in  1  mil  n/2  HCl)  \  ~  3,647,000  ><AUt).U{)-u.UM 

Gm.  absolute  benzaldehyde. 

In  this  way  is  deduced  the  factor  0.053  used  in  the  assay  given  above. 
Like  benzaldehyde  assay  are  the  other  three,  viz. : 

Oil  of  Bitter  Almond  is  assayed  by  exactly  the  same  method  as  is  benzaldehyde. 

Outline  of  Assay  of  Citral  in  Oil  of  Lemon. — Mix  15  mils  of  the  oil  with  10  mils 
of  a  10  per  cent,  alcoholic  phenylhydrazine  solution  and  let  the  mixture  stand  for 
thirty  minutes.  Add  some  methyl  orange  T.S.  and  then  neutralize  by  titration  with  n/2 
HCl,  V.S.  If  the  neutralization  is  difacxilt,  a  special  manipulation  is  suggested  by 
the  pharmacopoeia.  At  the  same  time,  run  a  blank  test  (omitting  the  oily^and  note 
amount  of  n/2  HCl,  V.S.  needed  to  neutralize  the  phenylhydrazme  soluticm.  The 
difference  between  the  number  of  mils  of  n/10  HCl,  V.S.  consumed  by  the  straight 
phenylhydrazine  solution  and  the  phenjrlhydrazine  solution  treated  with  the  oil, 
multiplied  by  0.076  gives  the  weight  of  citral  in  15  mils  of  the  oil.  For  details  see 
U.S.P.,  p.  294. 

"CASSU  FLASK'*  ASSAYS  OF  VOLATILE  OILS 

• 

At  this  place,  mention  should  be  made  of  the  assays  of  oils  for  phenols  or  for  alde> 
hydes  based  upon  the  formation  of  a  water-eoluble  compound  of  these  substances 
and  the  subsecjuent  liberation  of  the  free  phenol  or  aldehyde  and  the  direct  reading 
of  its  volume  m  a  *' cassia  flask.''  Seven  official  oils  are  thus  assayed — caraway  {p. 
751);  clove  (p.  749);  cassia  (p.  746);  eucalyptus  (p.  746);  pimenta  (p.  762);  spearmint 
(p.  748)  and  thyme  (p.  743).  On  me  pages  just  designated  the  pharmacopoeia  assay 
for  each  oil  is  given  in  abstract. 
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SAPONIFICATION  NUMBER  OF  OILS  AND  FATS 

As  already  explained  on  p.  665,  fixed  oils  and  fats  are  esters  of  glycerin 
with  fatty  acids,  and  the  process  of  soap-making  is  the  cooking  of  such 
oils  with  soda  or  potassa,  whereby  the  sodium  or  potassium  salts  of  the 
fatty  acids  are  obtained.  This  fact  is  utilized  in  the  assay  of  oils  and  fats, 
a  given  weight  of  the  fatty  substance  being  boiled  with  a  known  excess 
of  alcoholic  potassium  hydroxide  T.S.  (p.  886),  and  titrated  with  half- 
normal  hydrochloric  acid.  In  this  way  we  can  find  out  the  exact  amount 
of  alkali  taken  up  by  the  oil,  and  thus  the  ''saponification  number"  can 
be  deduced. 

The  pharmacopoeial  process  may  be  outlined  as  follows: 

Outline  of  the  Estimation  of  the  Saponification  Value. — Accurately  weigh  1.5  to 
2.0  grammes  of  the  fat  or  oil,  mix  with  25  mils  of  alcoholic  KOH,  V.S.  and  heat  for 
thirty  minutes  on  a  water-bath  in  a  flask  provided  with  an  upright  condensing  tube. 
Then  titrate  with  n/2  HCl.  V.S.,  using  pnenolphthalein  T.S.  as  indi<;ator.  At  the 
same  time  titrate  25  mils  oi  alcoholic  ICOH,  V.o.  wi^-h  n/2  HCl,  V.S. 

The  difference  between  the  number \)f  mils  of  n/2  HCl,  V.S.  used  by  the  straight 
alcoholic  KOH,  V.S.  and  bv  the  same  solution  oiter  treatment  of  the  fat,  multiplied 
by  28.055  and  divided  by  the  weight  of  the  fat,  gives  the  saponification  value.  For 
details  see  U.S.P.,  p.  590. 

The  saponification  number  means  the  number  of  milligrammes 
absolute  potassium  hydroxide  which  combines  with  1  gramme  of  oil. 
Thus,  taking  an  example  of  calculating  by  process  given  above,  suppose 
2  grammes  of  olive  oil  combines  with  13.9  mils  half-normal  potassium 
hydroxide  V.S.  That  is,  suppose  it  takes  25  mils  half-normal  hydro- 
chloric acid  V.S.  to  neutralize  25  mils  alcoholic  potassium  hydroxide 
before  saponification,  and  11.1  mils  half-normal  hydrochloric  acid  V.S. 
to  neutraJize  the  25  mils  alcoholic  potassium  hydroxide  a/i^  saponification. 
The  calculations  in  this  case  would  be  25  —  11.1  =  13.9, 

13.9  X  28.055  ^  389.9645  ^  - 

ind  the  saponification  number  is  194.9. 

Now  let  us  see  the  amount  of  potassa  combining  with  the  oil: 

1  mil  n/2  KOH«0.()28055  Gm.  absolute  KOH  (p.  886). 
13.9  mils  hJ2  KOH  » 13.9X0.028055=0.3899645  Gm.  absolute  KOH. 

lence  we  see  that  2  Gm.  oil  combines  with  390  milligrammes  KOH 
and  1  Gm.  oil  combines  with  195  milligrammes  KOH 

SAPONIFICATION  NUBSBER  OF  OFFICIAL  OILS  AND  FATS 

The  following  oils  and  fats  are  thus  assayed : 

Sap.  No.  Sap.  No. 

Hive  oil 190-195  Oil  of  theobroma 188-195 

Expressed  ml  of  almond 191-200  OH  of  sesame 188-193 

Cottonseed  ml 190-198  Cod4iver  aU 180-190 

dnseed  ml 187-195  Lard 193-203 

'astor  oU 17^-185  Suet 193-200 

'roton  oil 200-215 

The  manipulation  employed  in  estimating  the  saponification  number 
.f  storax  differs  from  the  routine  method;  hence  it  is  printed  below: 

Storaz. — ^Accurately  weigh  about  1  Gm.  purified  storax,  mix  with  50  mils  of  purl- 
ed petroleum  benxin,  add  25  mils  alcoholic  KOH,  V.S.  and  macerate  twenty-four 
ours,  with  frequent  shaking.  Then  titrate  with  n/2  HCl.  V.S.  Indicator,  phenol- 
htbalein.    Saponification  number,  170  to  230.    For  details  see  p.  417. 
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The  assay  of  yellow  wax  differs  from  the  saponification  number 
determined  in  the  fact  that  both  free  and  ester  value  is  determined  in  the 
same  sample.    The  official  directions  are  as  foUows: 

Yellow  Wax. — Accurately  weigh  about  3  Gm.  wax,  warm  with  25  mils  neutral 
dehydrated  alcohol  until  melted  and  titrate,  while  warm  with  alcoholic  KOH,  V.S.y 
using  phenolphthalein  as  indicator.  Acid  value,  18  to  24.  Then  add  another  25  mik 
alconolic  KOH,  V.S.  and  some  alcohol,  boil  for  two  hours  in  flask  connected  with 
reflux  condenser  and  titrate  excess  of  alkali  with  n/2  HCl,  V.S.  Ester  value,  72  to 
77.     For  details  see  U.S.P.,  p.  105. 

The  ester  assays  of  volatile  oils  are  modifications  of  the  saponification 
number  determination.  Four  volatile  oils  are  thus  assayed  in  the  present 
pharmacopGeia. 

Methyl  Saliciflate. — ^Accurately  weigh  about  2  mils  of  the  oil  mix  with  50  mils 
alcoholic  KOH,  V.S.  heat  for  two  hours  on  a  water-bath^  in  a  flask  connected  with  a 
reflux  condenser,  then  titrate  excess  of  alkali  with  n/2  HCl,  V.S.  Indicator,  phenol- 
phthalein T.S.    Strength,  at  least,  98  per  cent.  CHsCrHtOs. 

Each  mU  n/2  alcohoUc  KOH,  V.S.  =0.07603  Gm.  CHsCtHsO..  Each  Gm.  U.S.P. 
oil  -  at  least  12.9  mils  n/2  alcoholic  KOH,  V.S.    For  details  see  U.S.P.,  p.  273. 

The  test  for  esters  (as  impurity)  in  oil  of  lavender  (see  U.S.P,,  p.  294) 
is  a  type  of  ester  assay. 

OH  of  Peppermint  (ester  assay). — ^Accuratelv  weigh  10  mils  of  the  oil  and  boil  with 
25  mils  alcoholic  KOH.  V.S.  for  one  hour  in  a  nask  connected  with  a  refhix  condenser. 
After  cooling,  titrate  tne  excess  of  alkali  with  n/2  HsSOi,  V.S.,  using  phenolphthalein 
as  indicator.  The  number  of  mils  of  alcoholic  KOH,  V.S.  consumed  by  the  oil 
multiplied  by  9.909  and  divided  bv  the  weight  of  the  oil,  gives  the  percentage  of 
menthyl  acetate.     For  details  see  U.S.P.,  p.  296. 

Oil  of  Peppermint  (menthol  assav). — Acetylize  10  mils  of  the  oil  by  heating  in  an 
acetvUzation  flask  with  acetic  anhydride  and  anhydrous  sodiiun  acetate  for  one  hour. 
Cool,  and  then  wash,  dry  and  accurately  weigh  about  5  mils  of  acetylised  oil.  Then 
boil  the  acetylized  oil  for  one  hour  with  50  mils  n/2  alcoholic  KOH,  V.S.  in  a  flask 
connected  with  a  reflux  condenser.  After  cooling,  titrate  excess  of  alkali  with  n/2 
HtSOi,  V.S.,  using  phenolphthalein  T.S.,  as  indicator.  For  the  menthol  calculation 
and  other  details  see  U.S.r.,  p.  296. 

OH  of  Rosemary  (ester  and  Domeol  assa^rs)  exactly  like  the  ester  and  menthol  assays 
of  oil  of  peppermint  except  that  the  factor  is  different.    For  details  see  U.S.P.,  p.  300. 

It  will  be  noticed  that  there  are  two  parts  to  the  assay  of  oil  of  pepper- 
mint and  oil  of  rosemary:  The  first  part  resembling  a  saponification 
number  determination,  while  the  second  part — a  phenol  assay — depends 
upon  the  acetyUzation  of  that  substance. 

As  to  the  saponification  tests,  it  will  be  seen  that  the  factor  9.909 
for  the  menthyl  acetate  of  oil  of  peppermint;  9.808  for  the  bomyl  acetate 
of  oil  of  rosemary)  represents  the  molecular  weight  of  the  characteristic 
ester  divided  by  200,  or  100  times  the  amount  of  ester  that  combines 
with  1  mil  half-normal  potassium  hydroxide  V.S. 

This  can  best  be  explained  by  a  hypothetic  assay. 

Suppose  we  find  grammes  of  oQ  of  peppermbit  combine  with  7.5 
mils  half-normal  alcoholic  KOH;  that  is,  while  the  25  mils  half -normal 
alcoholic  KOH  took  25  mils  half-normal  H2CO4  before  saponification, 
after  saponification  the  alkali  left  took  only  17.5  mils  half-normal  H^SOi* 
In  s\ich  cases  we  find — 

that  (a)  9  Gm.  oil  «  7.5  mils  n/2  alcoholic  KOH. 

that  (&}  1  mil  n/2  alcoholic  KOH      «  0.09909  Gm.  menthyl  acetate. 

that  (c)  7.5  mils  n/2  alcohoUc  KOH  «  7.5X0.09909. 

B  0.743175  Gm.  menthyl  acetate. 

Therefore  that  (d)  9  Gm.  oil  »  0.743175  Gm.  menthyl  acetate. 

100 
and  that  (e)  9  Gm.  oil  -  -g-X 0.7431 76  =8.2  per  cent,  menthyl 

acetate. 
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Careful  examination  of  the  above  figures  shows  that  the  real  calcu- 
lation ''c"  and  ''e"  means  the  multiplication  of  the  number  of  mils 
of  alcoholic  potassa  used  by  0.09909  and  by  100  (or  by  9.909),  and  finally 
dividing  by  weight  of  oil.  In  passing,  it  may  be  stated  that  the  use 
of  the  acetylization  factors  7.808  for  the  menthol  in  oil  of  peppermint 
and  7-707  for  the  bomeol  in  oil  of  rosemary)  can  be  explained  in  the  same 
way. 

The  acetylizdtion  tests  given  above  for  oil  of  peppermint  and  for  oil 
of  rosemary,  as  well  as  that  for  the  santalol  in  oil  of  santal,  given  below, 
are  based  on  the  fact  that  the  characteristic  alcohols  of 
these  three  oils  form  well-defined  acetyl  compounds  when 
boiled  with  acetic  acid  anhydride  and  sodium  acetate,  in 
the  -appropriate  "acetyUzation  flask"  (Fig.  249) ;  that  this 
oil,  separated  from  the  aqueous  liquid,  washed  with  water, 
and  dried,  can  be  saponified  like  any  other  ester,  and  from 
the  amount  of  alcoholic  potassa  required  for  saponifica- 
tion the  amount  of  alcohol  can  be  estimated. 

The  oils  thus  assayed  are: 

Oil  of  Peppermint. — See  U-S.P.,  p.  296. 

Oil  of  Rosemary. — See  U.S.P.,  p.  300. 

Oil  of  Santal, — ^Like  assay  for  menthol  in  oil  of  pepper- 
mint, except  that  the  factor  is  11.11. 

THE  ACID  NUMBER  OF  RESINS 

As  mentioned  on   p.  773,   true  resins   contain   resin 
acids.    These  resin  acids,  like  other  acids,  combine  with 
alkali  in  definite  proportions.     Hence  their  amount  can  Fia.  240.— Aoety- 
be  estimated  by,  titration  with  volumetric  alkali  solution.       '»»*»on  flask. 
The  pharmacopoeial  directions  for  acid  number  estimations  may  be  sxun- 
marized  as  follows: 

Acid  Number  for  Resins, — ^This  represents  the  number  of  milligrammes  of  potas- 
sium hydroxide  required  to  neutralize  1  gramme  of  resin.  Accurately  weigh  about 
2  Gm.  resin,  dissolve  it  in  alcohol  and  titrate  with  n/2  KOH,  V.S.  The  pharmacopoeia 
also  suggests  adding  an  excess  of  n/2  KOH,  V.S.  and  then  titrating  back  with  naif- 
normal  acid.  Each  mil  of  half -normal  alkali  used,  multiphed  by  0.028055  and  divided 
by  the  weight  of  the  resin  equals  the  acid  number.    For  details  see  U.S.P.,  p.  591. 

The  official  substances  so  tested  are: 

Acid  Number 
Rosin  Not  less  than  150 

Slorax      •  56  to  S5 

Balsam  of  Tolu  154  to. 220 

Balsam  of  Peru  (Cinnamein  value)  235  to  238 

The  manipulation  of  the  last  three  cases  is  quit«  complex.    For  details 

see  U.S.P. 

IODINE  ABSORPTION  NUMBER 

As  already  explained  on  p.  569,  fixed  oils,  like  all  other  unsaturated 
bodies,  when  treated  with  halogens,  notably  iodine,  loosen  whatever 
double  bonds  they  possess,  attaching  an  atom  of  the  halogen  to  each 
bond  thus  freed;  hence  each  double  bond  in  such  oil  takes  up  two  atoms 
of  iodine.  As  the  percentage  of  unsaturated  ester  differs  in  each  fixed 
oil,  the  different  fixed  oils  absorb  different  amounts  of  iodine;  hence  the 
iodine  absorption  number  is  a  valuable  aid  to  identification  and  differ- 
entiation of  oils. 
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The  pharmacopoeia  gives  a  monograph  on  the  subject  that  may  be 
summarized  as  follows: 

Accurately  weigh  about  0.8  Gm.  solid  fat  or  0.3  Gm.  oil  (exceptions  linseed,  cod- 
liver  oil  and  theobroma  oUs)  dissolve  it  in  chloroform  and  add  to  the  solution  iodo- 
bromide  test  solution  U.S. P.  Macerate  one-half  hour  (lon^^er  with  castor  and  linseed 
oils)  being  sure  that  at  the  end  of  the  maceration,  the  mixture  is  colored  brown  by 
free  iodine.  Then  add  potassium  iodide  and  distilled  water  and  titrate  the  excess  of 
iodine  with  n/10  sodium  thiosulphate  V.S.,  using  starch  paste  as  indicator.  Run  a 
blank  test  of  the  iodo-bromide  T.S.  with  the  thiosulphate  V.S.  and  the  difference 
between  the  mils  of  n/10  NasSiOs,  V.  S.  used  by  the  straight  iodo-bromide  solution 
and  used  by  the  number  of  mils  used  by  the  same  solution  after  treatment  with  fat, 
multiplied  by  1.269  and  divided  by  the  weight  of  the  fat,  gives  the  iodine  value  of 
the  fat.  The  iodo-bromide  solution  is  made  by  dissolving  iodine  in  glacial  acetic  acid 
and  then  adding  bromine  to  the  solution.    For  details  see  U.S. P.,  p.  590. 

Explaining  the  arithmetic  of  this  process,  let  us  suppose  that  0.3 
gramme  of  a  certain  fat  plus  25  mils  iodo-bromide  T.S.  take  60  mils 
tenth-normal  thiosulphate  V.S.  to  decolorize,  while  in  the  blank  experi- 
ment 25  mils  iodo-bromide  T.S.  take  90  mils  tenth-normal  thiosulphate 
V.S.  for  decolorization.  This  would  mean  that  0.3  gramme  fat  absorbed 
90— 60,  or  30  mils  tenth-normal  thiosulphate  V.S. 

1  mil  n/lO  thiosulphate  V.S.  «  0.012692  Gm.  iodine  (p.  893). 
30  mils  n/10  thiosulphate  V.S.  «  30  X0.012692  Gm.  iodine. 

»  0.38076  Gm.  iodine. 
Hence  0.3  Gm.  fat  absorbed  0.38076  Gm.  iodine. 

1000 
Hence  100  Gm.  fat  would  absorb  — ^  X0.38076  Gm.  iodine. 

or  126.9  Gm.  iodine. 

The  factor  as  given  in  the  pharmacopoeia  is:  subtract  from  amount 
thiosulphate  V.S.  consumed  in  blank  test  (in  our  case,  90  mils)  the 
amount  consumed  in  actual  test  (in  our  case,  60  mils)  and  the  difference 
(30,  in  our  case)  multiplied  by  1.269  and  divided  by  weight  of  fat  taken 
(in  our  case  0.3  Gm.)  gives  the  iodine  value 


30X1.269 
0.3 


126.9 


which  shows  that  the  so-called  "iodine  number''  means  the  number  of 
grammes  of  iodine  absorbed  by  100  grammes  of  fat. 

The  following  official  oils  are  tested  exactly  as  in  the  process  given 
above : 


Iodine  value 

Iodine  Tmltie 

Castor  Oil 

83-  88 
140-180 
106-114 
104-110 

93-100 
at  least  170 

79-  90 

Sesame  Oil 

103-112 

Codliver  Oil 

Oil  of  Theobroma 

Lard 

Suet 

33-  38 

Cottonseed  Oil 

46-  70 

Croton  Oil 

33-  48 

Expressed  Oil  of  Almond 

Linseed  Oil 

Wool  Fat 

18-  28 

Soap  (Acids  from) 

84-  90 

Olive  Oil 

SPECIAL  ORGANIC  VOLUMETRIC  ASSAYS 
I.    PHENOL  ASSAY  WITH  KOPPESCHAAR'S  SOLLTION 

As  the  theory  of  this  assay  is  given  on  p.  688,  it  is  merely  neceflsary 
to  insert  pharmacopoeial  directions  and  to  calculate  results: 
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TERTH-NORMAL  BROIONE  VOLUHETiaC  SOLUTION 

[Koppbsghaab'b  Solution] 

Br  » 79.02     7.992  Gm.  in  1000  mils. 
Condensed  Recipe, 

Dissolve  3  Um.  potassium  bromate  and  50  Gm.  potassium  bromide  in  enough  water 
to  make  1000  mils.  Standardise  20  mils  of  this  by  treatment  with  purified  hydro- 
chlorio  acid  and  potassium  iodide  and  then  titrate  the  liberated  iodine  with  n/10 
sodium  thiosulphate  Y.S.  Then  dilute  the  bromine  solution  so  that  each  mil  corre- 
sponds to  1  mil  n/10  NasSsO«,V.S.  The  pharmacopoeia  also  discusses  the  arithmetic 
of  the  dilution.    For  details  see  U.S. P.,  p.  558. 

The  pharmacopoeia  gives  the  equivalent  factor  for  four  chemicals  assaved  with 
tenth-normal  bromine  Y.S.  In  the  case  of  two  of  these — sodium  phenolsulphonate 
(anhydrous  and  crystalline) — the  factor  (grammes  of  chemical  represented  by  1  mil 
of  tenth-normal  bromine  V.S.)  is  the  molecular  weight  of  the  substance  divided  by  40,000 
while  with  the  other  two — ^phenol  and  resorcinol — ^the  factor  is  the  molecular  weight 
divided  by  60,000. 

The  following  official  chemicals  are  assayed  with  this  reagent. 

Phenol, — Treat  a  known  quantitv  of  an  aqueous  solution  of  phenol  (containing 
between  0.038  and  0.041  Gm.  C«HfiOH)  with  30  mils  of  n/10  bromine  V.S.,  add  hydro- 
chloric acid  and  potassium  iodide  solution,  then  add  a  little  chloroform  and  titrate 
with  n/10  sodium  thiosulphate  V.S.  From  amount  of  n/10  NasSiOs,  V.S.  used,  cal- 
culate amount  of  n/10  Br,  V.S.  used  by  the  phenol. 

Each  mil  n/10  Br,  V.S.  ^0.001508  Gm.  C«H«OH.  Each  Gm.  U.S.P.  phenol « 618.6 
mils  n/10  Br,  V.S.     For  details  see  U.S.P.,  p.  317. 

It  will  be  seen  that  a  certain  amount  of  bromine  is  absorbed  by 
the  phenol;  that  the  excess  liberates  iodine  from  the  added  potassium 
iodide,  and  that  the  iodine  thus  freed  is  titrated  with  tenth-normal 
thiosulphate  solution. 

ViTe  have  already  learned  (p.  892)  that  1  mil  tenth-normal  thio- 
sulphate V.S.  equals  1  mil  tenth-normal  iodine  Y.S.,  and  as  the  bromine 
liberates  iodine  atom  for  atom,  1  mil  tenth-normal  thiosulphate  solu- 
tion must  equal  1  mil  tenth-normal  bromine  solution. 

We  find  above  that  1  mil  n/10  bromine  V.S.  =  0.001568  Gm.  phenol. 
This  is  because  the  reaction  between  bromine  and  phenol  runs  as  follows: 

CeHiOH     -h    6Br     =     C«H,Br,OH     -h    3HBr. 
94.05  6X79.92 

or  479.52 

We  therefore  see — 

479.52  Gm.  Br.  =  94.05  Gm.  CJijOH. 

Hence  79.92  Gm.  Br  «  ?^  «  15.68  Gm.  CJi.OH. 

o 

and  7.992  Gm.  Br.      \  ,  ^aq  r«»«    n  u  nu 

or  1000  mils  n/10  Br.  V.S.     /  =  ^'^^  ^°^-  ^^H'^H. 

Hence  1  mil  n/10  Br,  V.S.  «  0.001568  Gm.  C«H»OH. 

In  the  pharmacopoeia!  assay  of  phenol  we  take  a  solution  equivalent 
to  about  0.04  Gm.  phenol,  mix  it  with  30  mils  tenth-normal  bromine 
V.S.,  then  with  acid  and  potassium  iodide,  and  finally  titrate  freed 
iodine  with  tenth-normal  thio  V.S.  Suppose  it  takes  6  mils  thiosul- 
phate solution  to  decolorize,  that  would  mean  that  there  had  been  in 
the  solution  before  adding  the  potassium  iodide  6  mils  tenth-normal 
bromine  V.S.,  and  that  the  phenol  had  combined  with  30— 6  or  24  mils 
tenth-normal  bromine  V.S. 

Since  1  mil  n/10  Br,  V.S.  =  0.001568  Gm.  phenol. 

24  mils  n/10  Br,  V.S.  =  24  X  0.001568  Gm.  phenol. 
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Hence  0.04  Gm.  of  the  sample  of  phenol  contained  0.037632  Gm. 

37  632 
absolute  phenol  or  tttt^  of  100  per  cent,  or  94  per  cent,  absolute  phenoL 

Liquefied  phenol  is  cissayed  like  phenol.  Each  gramme  corresponds  to  554.8 
mils  n/lO  Br.  V.S. 

ResoTcinct, — ^Accurately  weigh  1.5  Gm.  resorcinol  and  dissolve  in  enough  distilled 
water  to  make  1  liter.  Mix  25  mils  of  this  solution  with  50  mils  of  n/10  Br,  V.S., 
add  water,  hydrochloric  acid  and  potassium  iodide  solution  and  then  titrate  the  liber- 
ated iodine  with  n/10  NasSsOs,  V.S..  using  starch  paste  as  indicator.  From  the  amount 
of  n/10  Na2SsOsy  V.S.  used,  calculate  the  amount  of  n/10  Br,  V.S.  used  by  the 
resorcinol. 

Each  mil  n/10  Br,  V.S. » 0.001834  Gm.  CeHiCOH)!.  Each  Gm.  U.S.P.  lesoicinol 
=542.5  mils  n/10  Br,  V.S.     For  details  see  U.S.P.,  p.  360. 

Sodium  Phenolsulphonate. — Accurately  weigh  about  0.25  Gm.  sodium  phenol- 
sulphonate,  dissolve  it  in  distilled  water,  add  ^  mils  of  n/10  Br,  V.S.,  hydrochloric 
acid  and,  later  potassium  iodide  solution.  Then  titrate  with  n/10  KaiSiOt,  V.S., 
using  starch  paste  as  indicator.  From  the  amount  of  n/10  NasSsOs,  V.S.  used  calcu- 
late the  amoimt  of  n/10  Br,  V.S.  consmned  by  thephenolsulphonate. 

Each  mil  n/10  Br,  V.S.  =0.04903  Gm.  NaC«H604S.  Each  Gm.  U.S.P.  phenol- 
sulphonate  =  170  to  179.1  mils  n/10  Br,  V.S.    For  details  see  U.S.P.,  p.  395. 

II.    SUGAR  ASSAY  WITH  FEELING'S  SOLUTION 

This  assay  has  been  discussed  on  p.  625,  and  as  neither  of  the  official 
sugars  is  directed  to  be  assayed,  we  can  leave  the  subject  after  presenting 
an  outline  of  the  pharmacopoeial  directions  and  a  few  additional  remarks. 

ALKALINE  CUPRIC  TARTRATE  VOLUMETRIC  SOLUTION 

[Fbhung's  Solution] 
Condensed  Recipe, 

Two  solutions  are  prepared. 

Solution  A  consists  of  34.66  Gm.  uneffloresced  copper  sulphate  U.S. P.  dissolved  in 
enough  distilled  water  to  make  500  mils. 

Solution  B  is  made  by  dissolving  173  Gm.  crystalline  potassium  and  sodium  tar- 
trate U.S.P.  and  50  Gm.  sodium  hydroxide  U.S. P.  in  enough  distilled  water  to  make 
500  mils.  Mix  equal  volumes  of  the  two  solutions  at  the  time  of  titration.  The 
pharmacopoeia  gives  directions  for  keeping  these  solutions  and  also  the  equivalent 
factors  for  carbohydrates.  Each  mil  oi  the  mixed  solution  represents  0.0^500  Gm. 
anhydrous  glucose;  0.00475  Gm.  cane  sugar  after  inversion;  and  0.00678  Gm.  anhy- 
drous milk  sugar.    For  details  see  U.S.P.,  p.  557. 

It  will  be  seen  from  the  above  that  10  mils  of  mixed  solution  equals 
5  centigrammes  (0.05  Gm.)  of  glucose.  In  carr3dng  out  the  assay,  10 
mils  mixed  solution  is  put  into  an  evaporating  dish,  is  diluted  with 
water  (say  60  mils),  and  is  brought  to  the  boiling-point. 

The  diluted  sugar  solution  (usually  diabetic  urine,  as  far  as  the  phar- 
macist is  concerned)  is  put  into  a  burette  and  is  poured  into  the  boiling 
solution,  little  by  little,  until  all  the  copper  is  precipitated.  Details 
are  beyond  the  scope  of  this  work;  hence  the  reader  is  referred  to  some 
standard  book  on  urinary  analysis  such  as  Hawk's  Physiological 
Chemistry. 

The  process  outhned  above  involves  a  peculiar  form  of  calculation; 
for  we  see  that  in  this  case,  contrary  to  the  usual  assay,  the  volumetric 
solution  is  measured  and  the  hquid  whose  strength  is  to  be  determined 
is  dropped  from  the  burette.  This  makes  our  report  read  something 
like  this:  10  mils  Fehling's  solution  was  completely  precipitated  by 
15  mils  of  urine.    In  such  case  the  calculation  runs  as  follows: 

10  mils  Fehling's  solution  « 15  mils  urine. 
10  mils  Fehling's  solution  »0.05  Gm.  glucose. 
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Hence    15  mils  urine  contained  0.06  Gm.  glucoee. 

100 

Hence  100  mils  urine  contained  -=^X0.05  or  0.333  Gm.  glucose. 

and  we  ordinarily  say  that  such  urine  contains  0.333  per  cent.  (^  of  1 
per  cent.)  glucose,  although  bear  in  mind  that  in  exact  chemical  op- 
erations percentage  should  mean  grammes  to  100  grammes,  an,d  not 
grammes  to  100  mils. 

Before  leaving  Fehling's  solution  mention  should  be  made  of  its 
modification — Pavy's  solution.  This  is  made  by  adding  12  mils  mixed 
Fehling's  solution  to  30  mils  stronger  ammonia  water,  10  mils  10  per  cent, 
soda,  and  water  to  make  100  mils.  This  mixture  is  boQed  in  a  flask 
protected  from  air  by  having  a  layer  of  melted  parafl^  floating  on  its 
surface.  When  all  the  copper  is  taken  up  by  the  urine  dropped  from  the 
burette,  the  blue  solution  becomes  colorless.  Ab  no  precipitate  of  cu- 
prous oxide  forms,  the  end  of  the  reaction  is  much  easier  to  note  than  it 
is  in  the  FehUng's  process. 

The  above  100  mils  mixture  represents  0.05  Gm.  glucose;  in  short, 
has  exactly  the  same  value  as  10  mils  Fehling's  solution. 
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GRAVIMETRIC  AND  GASOMETRIC  ASSAYS 

Gravimetric  analysis,  as  explained  on  p.  859,  is  the  estimation  of 
the  quantity  of  a  certain  ingredient  of  a  given  substance  by  the  separation 
of  this  ingredient,  free,  in  combination,  or  possibly  in  reduced  form, 
weighing  the  sohd  so  separated,  and  from  the  weight  obtained  deducing 
the  amount  in  the  original  compound. 

Ordinarily,  the  process  consists  of  precipitating  the  ingredient  as 
an  insoluble  compound,  but  in  the  final  grouping  this  class  of  anal3rsis 
includes  such  assays  as  the  extracting  and  weighing  of  alkaloids  (see 
Cinchona  Assay,  p.  907,  the  burning  of  organic  salts  as  carbonates, 
which  are  then  weighed,  and  the  separation  of  a  button  of  metal  from  the 
ore  in  the  so-called  fire  assa3rs. 

The  pharmacopoeial  gravimetric  assays  may  be  grouped  into  (a) 
precipitation  assa3rs;  (b)  incineration  of  metallic  compounds  and  weighing 
the  resulting  oxide;  (c)  isolation  of  mercury  from  its  ointments. 

Precipitation  assays  are  conducted  by  taking  an  aqueous  solution 
of  a  soluble  salt,  adding  thereto  the  appropriate  precipitant  (p.  142), 
collecting  the  insoluble  form  of  the  desired  ingredient  thus  precipitated, 
and  weighing  same  after  carefully  washing  free  from 'soluble  impurity 
and  after  heating  until  all  moisture  and  volatile  impurities  are  driven 
off.    The  process  can  best  be  explained  by  a  few  typical  examples. 

We  want  to  estimate  the  amount  of  sulphuric  acid  in  a  certain  batch 
of  dried  sodium  sulphate.  We  take  0.2  Gm.  of  the  sulphate,  dissolve 
in  water,  and  add  barium  chloride  T.S.,  when  the  following  reaction  occurs: 

(a>  Na,S04    +    BaCl,     =     2NaCl    +     BaSO*. 
142.07  208.29  2X58.46  233.44 

The  insoluble  barium  sulphate  is  collected  on  a  filter,  washed,  dried, 
and  weighed,  when  we  find  in  the  case  imder  consideration  that  0.2  Gm. 
NajS04  gave  0.325  Gm.  BaS04. 
From  the  equation  above  we  find: 


/ 
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0.233  Gm.  BaSO4»0.142  Gm.  absolute  NasSO*. 
Then  0.325  Gm.  BaSOi  »|^  XO.  142  « 0.197  Gm.  absolute  NaiSOi. 

Hence  we  see  that  the  0.2  Gm.  sodium  sulphate  contained  0.197  Gm. 
absolute  Na2S04. 

If  it  is  desired  to  estimate  only  the  acidulous  portion  (SO4)  of  the 
sodiimi  sulphate,  the  calculation  runs  like  this: 

NaiS04    +    Baa,     =     2NaCl     +     BaSO*. 
46+96.07         208.29  2X5^46  233.44 

142.07 
0.233  Gm.  BaSOi- 0.096  Gm.  SO4. 

Then  0.325  Gm.  BaSO=»|||x0.096«  0.133  Qm.  SO4. 

We  therefore  see  that 

0.2  Gm.  NaiSOi  contained  0.133  Gm.  SO4, 

or  ^X100«67.5  per  cent.  SO4. 

Another  case,  showing  that  the  process  is  applicable  to  the  estima- 
tion of  the  basic  constituent  of  a  salt  as  well  as  the  acidulous  portion, 
might  be  given.  0.2  Gm.  silver  nitrate  is  precipitated  by  hydrochloric 
acid  as  silver  chloride,  as  shown  in  the  following  equation : 

AgNO,     +    HCl     =     AgCl     +    HNO,. 
169.89  36.47  143.34  63.02 

We  find  in  the  assay  that  0.2  Gm.  silver  nitrate  gives  0.165  Gm.  dried 
silver  chloride. 

From  the  equation  above  we  find  that — 

0.143  Gm.  AgCl« 0.169  Gm.  absolute  AgNO«. 
Then  0.166  Gm.  AgCl  ^Jfl  XO.  169  « 0.196  Gm.  absolute  AgNOt. 
Hence  0.200  Gm.  of  the  silver  nitrate  contained  0.195  Gm.  absolute  AgNOi  or 

195 

2QQ  X 100  per  cent.,  or  97.5  per  cent,  absolute  AgNOs. 

Expressed  as  quantity  of  metallic  silver,  the  calculation  runs  like 
this: 


Ag       NO,     +      HCl     -     AgCl     -h     HNO,. 
107.88    62.01  36.47  143.34  63.02 


169.89 
0.143  Gm.  AgCl » 0.108  Gm.  metallic  silver. 

Then  0.165  Gm.  AgCl  =  J||x  108 =0.124  Gm.  metallic  silver. 

Hence  0.200  Gm.  of  the  silver  nitrate  contains  0.124  Gm.  metallic 

124 
silver,  or  ono'^^^  ^^  cent.  =62  per  cent,  metallic  silver. 

The  above  sketchy  outline  gives  but  a  glimpse  oi  the  important 
and  difficult  branch,  gravimetric  analysis,  and  for  details  of  the  work 
the  reader  is  referred  to  such  standard  works  on  the  subject  as  Treadwell 
and  Hall  or  Fresenius.  Before  dismissing  the  subject,  the  statement 
should  be  made  that  in  gravimetric  calculations  exact  molecular  weights 
should  be  used;  that  weights  and  calculations  should  be  carried  to  the 
fourth  decimal  place,  and  that  because  of  the  extreme  skill  required  to 
obtain  accurate  results,  the  process  is  not  largely  used  in  pharmacopceial 
assays. 

The  precipitation  assays  of  the  present  pharmacopoeia  can  be  grouped 
as  follows: 
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1.  Precipitation  as  barium  sulphate  and  weighing  as  such. 

2.  Precipitation  as  magnesium  phosphate  and  weighing  as  magnesium 
pyrophosphate. 

3.  Precipitation  as  calcium  oxalate  and  weighing  as  calcium  oxide. 

4.  Precipitation  as  aluminum  hydroxide  and  weighing  as  aluminum 
oxide. 

5.  Precipitation  as  zinc  sulphide  and  weighing  as  zinc  oxide. 

6.  I^^cipitation  as  metallic  gold  and  weighing  as  such. 

7.  Precipitation  as  mercuric  sulphide  and  weighing  as  such. 

8.  Precipitation  as  uranium  hydroxide  and  weighing  as  uranium 
oxide. 

THE  BARIUU  SULPHATE  ASSAYS 

This  type  of  assay  has  been  explained  on  p.  860,  so  we  can  proceed 
to  the  study  of  pharmacopceial  directions. 

Sodium  StdphfUe. — Accurately  weigh  about  1  Gm.  sodium  sulphate,  dissolve  in 
distilled  water,  acidulate  with  hydrochloric  acid,  heat  to  boiling  and  tnen  precipitate  by 
adding  an  excess  of  hot  barium  chloride  T.S.,  heat  mixture  thirty  minutes  on  a  water- 
bath,  then  collect  the  BaSOi  on  a  filter,  wash  until  free  from  chlorides,  then  ignite 
and  weigh. 

Each  Gm.  U.S.P.  sulphate  =0.717  to  0.789  Gm.  BaSOi.  For  details  see  U.S.P., 
p.  399. 

Sublimed  Sulphur: — Accurately  weigh  about  1  Gm.  well-dried  sulphur,  mix  with 
50  mils  of  10  per  cent,  potassium  hydroxide  solution  and  boil  until  a  clear  golden- 
yellow  liquid  results.  L>ilute  this  with  distilled  water  and  then  oxidize  one-tenth 
of  it  with  solution  of  hydrogcoi  dioxide.  Acidulate  the  resulting  solution  of  sodium 
sulphate  with  hydrochloric  acid,  dilute  it  with  water,  heat  to  boOing,  add  hot  barium 
chloride  T.S.  and  then  heat  the  mixture  on  a  water-bath  for  thirty  minutes.  Collect 
the  precipitate  of  barium  sulphate,  washj  dry,  ignite  and  weiph  it.  Also  run  a  blank 
test  and  if  any  barium  sulphate  precipitate  occurs,  weigh  it  and  deduct  from  the 
weight  of  barium  sulphate  obtained  in  the  real  assay. 
£^h  Gm.  U.S.P.  sulphur =7.243  Gm.  BaSOi.    For  details  see  U.S.?.,  p.  421. 

In  this  assay,  the  sulphur  is  made  soluble  by  boUing  with  alkali  (p.  38 1) 
the  resulting  potassium  sulphide  is  oxidized  with  hydrogen  dioxide  to  the 
sulphate  which  is  then  precipitated  with  barium  chloride. 

THE  MAGNESIUM  PHOSPHATE  ASSAYS 

These  are  based  upon  the  fact  that  when  a  magnesium  salt  is  treated 
with  sodium  phosphate  in  alkaline  (ammoniacal)  solution  ammonio-mag- 
nesium  phosphate  precipitates  (p.  871).  This  magnesium  phosphate 
upon  heating  is  converted  into  the  pyrophosphate,  which  is  weighed. 

Magnesium  Sulphate, — Accurately  weigh  about  1  Gm.  magnesium  sulphate,  dis- 
solve it  in  water,  add  to  the  solution,  sodium  phosphate  T.S.  and  then  ammonia  water 
and  let  mixture  stand  for  four  hours.  Collect  the  precipitate  on  a  filter,  wash  it  with 
a  diluted  ammonia  water  until  free  from  sulphate,  then  dry  and  ignite. 

Each  Gm.  U.S.P.  sulphate =0.4944  Gm.  MgiPjOy.    For  details  see  U.S.P.,  p.  265. 

Solution  of  Magnesium  Citrate. — Evaporate  10  mils  of  solution  to  dryness,  ignite 
and  when  most  of  the  carbon  has  burned  off  treat  the  residue  with  diluted  hydro- 
chloric acid,  filter  and  then  wash  the  residue  with  hot  water.  The  filtrate  is  then 
treated  as  in  the  assay  of  magnesium  sulphate.    For  details  see  U.S.P.,  p.  249. 

THE  CALCIUM  OXALATE  ASSAY 

In  these  assays,  the  calcium  is  precipitated  from  its  solution  by  addi- 
tion of  a  solution  of  ammonium  oxalate.  The  calcium  oxalate  (p.  871) 
thus  produced  is  strongly  heated,  when  calcium  oxide,  CaO,  remains. 
But  one  such  assay  is  given  in  the  pharmacopceia. 
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Calcium  GlyoerOT^hoaphate. — ^Accurately  weigh  about  0.4  Gm.  well-dried  glycero- 
phosphate, diasolve  it  in  a  diluted  solution  of  acetic  acid.  Heat  the  solution  to  boiling 
and  treat  with  ammonium  oxalate  T.S.  Collect  the  precipitate,  wash,  dry,  ignite, 
and  weigh  the  resulting  calcium  oxalate. 

Another  sample  is  ignited  direct  and  the  resulting  calcium  pyrophosphate  is 
weighed.    For  details  see  U.S.?.,  p.  92. 

THE  ALUmmiH  HTDROZIDE  ASSAYS     ' 

In  these,  a  solution  of  the  aluminum  salt  is  treated  with  anmionium 
hydroxide,  usually  after  the  addition  of  a  solution  of  ammonium  chloride. 
The  precipitate  of  aluminum  hydroxide  (p.  872)  thus  produced  is  heated, 
when  the  oxide,  AUOs,  is  produced. 

Alum. — Accurately  weigh  about  1  Gm.  alum,  dissolve  it  alons  with  1  Gm.  am- 
monium chloride  in  distill^  water,  boU  and  add  a  slieht  excess  of  ammonia  water. 
Collect  the  precipitate,  wash  with  not  distOled  water,  (uy,  ignite  and  weigh  as  AltOi. 

Each  Gm.  Als08«8.874  Gm.  ammonium  alum  or  9.286  Gm.  potassium  alum. 
For  details  see  U.S.P.,  p.  40. 

Exsiccated  Alum. — Like  alum,  except  that  about  0.25  gramme  of  salt  is  taken. 
Each  sramme  of  oxide  corresponds  to  4.643  Gm.  ammonia  alum  or  5.055  Gm.  po- 
tassafdum. 

THE  ZINC  SULPHIDE  ASSAYS 

When  zinc  salts  are  treated  with  ammonium  sulphide  in  alkaline  solu- 
tion, a  white  precipitate  of  zinc  sulphide  (p.  871)  results.  When  this  is 
heated,  zinc  oxide  is  produced. 

Zinc  Acetate. — ^Accurately  wei^h  about  1  Gm.  zinc  acetate,  dissolve  in  distilled 
water,  add  ammonia  water  to  famt  alkalinity,  warm  to  80^C.  and  then  add  am- 
monium sulphide  T.S.  and  warm  on  a  water-oath.  Collect  the  precipitate,  wash 
with  distilled  water  containing  a  trace  of  ammonium  sulphide,  then  dissolve  it  hot 
20  per  cent,  nitric  acid,  evaporate,  ignite  and  weigh  as  zinc  oxide. 

Each  Gm.  U.S.P.  acetate  »0.369  to  0.387  Gm.  ZnO. 

Other  zinc  salts  for  which  similar  assays  are  directed  in  the  present 
pharmacopoeia  are: 


Amount  taken  for 
weighing 


Each  gramme  oxide  obtained 
represents,  of  salt 


Zinc  Phenolsulphonate 1  Gm.  6. 53  to  6.84  Gm. 

Zinc  Sulphate 1  Gm.  1 .70  to  1 .79  Gm. 

Zinc  Valerate 1  Gm.  3.76  Gm. 

For  details  see  U.S. P. 

Zinc. — Accurately  weigh  about  1  Gm.  zinc,  dissolve  it  in  hydrochloric  acid  and 
add  enough  distilled  water  to  make  100  mils.  Take  10  mils  of  this  solution^  dilute 
with  distilled  water,  add  ammonia  water  to  faint  alkalinity  and  treat  as  in  the  assay 
for  zinc  acetate. 

Each  Gm.  zinc  =  1.232  Gm.  ZnO.     For  details  see  U.S.P.,  p.  406. 

THE  OFFICIAL  GOLD  ASSAY 

Gold  and  Sodium  Chloride. — Accurately  weigh  about  0.5  Gm.  of  the  well-dried 
double  chloride,  dissolve  in  10  mils  of  distilled  water,  add  10  mils  of  potassium  hydros- 
ide  T.S.,  heat  on  a  water-bath  and  reduce  to  metallic  gold  by  aadition  of  solutioii 
of  hydrogen  dioxide.    Wash  the  gold  with  acidulated  water,  diy ,  ignite  and  weigh. 

Each  Gm.  U.S.P.  salt =0.30  Gm.  Au.     For  details  see  U.S.P.,  p.  70. 

THE  OFFICIAL  BIERCURY  ASSAYS 

Corrosive  Mercuric  Chloride. — ^Accurately  weigh  about  0.5  Gm.  well-dried  chloride^ 
dissolve  in  distilled  water  containing  a  little  hydrochloric  acid  and  then  saturate  the 
solution  with  hydrogen  sulphide  gas.     Collect  the  precipitated  mercuric  sulphids 
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OQ  counterpoised  filters,  wash  with  water,  then  with  alcohol,  then  with  carbon  tetra- 
chloride, and  again  with  alcohol.    Dry  at  llO^C.  and  weigh. 

Each  Gm.  ll.S.P.  bichloride  =0.8668  Gm.  HgS.    For  details  see  U.S.P.,  p.  214. 

Ammoniated  Mercury. — Accurately  weigh  about  0.5  Gm.  ammoniated  mercury 
and  dissolve  it  in  hydrochloric  acid  and  water  by  aid  of  gentle  heat,  then  dilute  with 
water  and  proceed  as  in  the  assay  of  corrosive  mercuric  chloride. 

Each  Gm.  U.S.P.  ammoniated  mercury  =0.9047  to  0.9279  Gm.  HgS.  For  details 
see  U.S.  P.,  p.  221. 

Poison  Tablets  of  Corrosive  Mercuric  Chloride. — ^Like  that  of  the  salt  itself. 
For  minor  differences  see  U.S. P.,  p.  470. 

THE  OFFICIAL  URANIUU  ASSAY 

Uranium  Nitrate, — Accurately  weigh  about  0.4  Gm.  uranyl  nitrate,  dissolve  it  in 
distilled  water,  heat  to  boiling,  add  ammonia  water,  collect  the  precipitate  of  uranium 
oxide,  wash  it  with  a  1  per  cent,  solution  of  ammonium  nitrate,  ignite  at  moderate 
heat  and  weigh  as  urano-uranic  oxide. 

Bach  Gm.  U.S.P.  nitrate =0.648  Gm.  UjOg.     For  details  see  U.S.P.,  p.  483. 

THE  OFFICIAL  BISMUTH  ASSAYS 

Bismuth  BetanaphlhoL — Accurately  weigh  about  2  Gm.  bismuth  betanaphthol, 
incinerate,  dissolve  the  residue  in  nitric  acid,  evaporate  the  solution  to  dryness, 


carefuUy  ignite  and  then  weigh  the  resulting  bismuth  oxide. 
-    -    -  id=0.^  ~'  '       ~ 

p.  79. 


Each  Gm.  U.S.P.  compoundT- 0.730  to  0.780  Gm.  BijO*.     For  details  see  U.S.P., 
9. 

The  following  bismuth  compounds  are  assayed  in  a  similar  manner. 


OoU                                                  Amount  taken 

for  weighing 

Each  gramme  oxide  repreaenta, 
of  salt 

Bismuth  and  Ammonium  Citrate . . . 
Bismuth  Subcarbonate 

1.0  Gm. 
1.0  Gm. 
1.0  Gm. 
1.0  Gm. 
1.0  Gm. 
10.0  Gm. 

1.93  to   2.17  Gm. 
1.11  Gm. 

Bismuth  Subgallate 

1.75  to    1.92  Gm. 

Bismuth  Subnitrate 

1.26  Gm. 

Bismuth  Subsalicvlate 

1.61  to    1.61  Gm. 

Maffma  of  Bismuth 

16.13  to  17.86  Gm. 

For  details  see  U.S.P. 

The  following  ignition  assay  is  self  explanatory. 

Tincture  of  Iodine  (for  potassium  iodide). — Evaporate  10  mils  of  the  tincture  on 
a  water-bath,  then  volatilize  the  iodine  by  gentle  heat  and  weigh  the  residue. 

Each  1  mil  of  tincture  »0.046  to  0.056  Gm.  K.I.     For  details  see  U.S.P.,  p.  458. 

SPECIAL  ISERCURY  ASSAYS 

The  assays  for  mercurial  ointment  and  diluted  mercuric  ointment  consist 
in  dissolving  out  the  fat  with  petroleum  benzin  and  then  weighing  the 
residual  mercury.    (See  p.  552.) 

Before  closing  the  subject  of  gravimetric  assays  attention  must 
be  called  to  the  eight  assays  of  this  character  in  which  the  alkaloids  are 
extracted  from  salts  by  the  "shaking  out"  process  and  then  weighed. 
A  typical  one  is  the  following: 

Iron  and  Quinine  Citrate  (assay  for  quinine). — Accurately  weigh  about  1  Qm, 
double  citrate,  dissolve  in  20  mils  of  water,  pour  into  a  separator,  add  ammonia  water 
and  then  shake  out  with  three  portions  of  chloroform.  Evaporate  the  chloroformic 
extracts,  redissolve  residue  in  alcohol  and  then  evaporate  to  dryness  and  weigh. 

Each  Gm.  U.S.P.  citrate »« 0.1 15  Gm.  quinine.    For  details,  see  U.S.P.,  p.  168. 

The  others,  which  have  already  been  given  on  previous  pages  of  this 
book  are  caffeine  citrate  (p.  680)  effervescent  caffeine  citrate  (p.  680),  caffeine 
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aoduhbenozcUe  (p.  679),  codeine  phosphate  (p.  824),  quinine  and  urea-hy^ 
drochloride  (p.  812),  quinine  tannate  (p.  814)  and  theobromine  sodio-sali- 
cylate  (p.  680).  Lastly  the  collodion  assay  for  pyroxylin  (p.  213)  might  be 
considered  as  a  gravimetric  process. 

VOLATILE  AND  NON-VOLATILE  EXTRACTIVE  DETERBUNATIONS 

In  the  case  of  spices,  the  determination  of  the  volatile  and  non-volatile 
extractive  matter  is  of  value  in  deciding  quality. 

The  present  pharmacopoeia  (Part  2,  Tests  12  and  13)  has  two  mono- 
graphs on  the  subject  which  may  be  smnmarized  as  follows: 

DetermincUian  of  Volatile  Exiracture. — Extract  2  gm.  drug  with  anhydrous  ether 
in  a  continuous  extraction  (Soxhlet)  apparatus.  Dry  in  a  desiccator  over  sulphuric 
acid  and  weigh.  This  gives  the  total  ether  extract.  Then  heat  the  residue  to  con- 
stant weight  at  110°C.  The  loss  in  weight  represents  the  ether-soluble  volatile  ex- 
tractive; while  the  weight  after  heating  at  110**C.  is  non-volatile  ether-eoluble  ex- 
tractive.   For  details  see  U.S.  P.,  pp.  691  and  592. 

The  spices  for  which  these  tests  are  produced  are  as  follows: 

Drug  Peroentage  of  volatile  extractiTe 

Clove Not  less  than  10 .0  per  cent. 

Saigon  Cinnamon Not  leaa  than   2.0  per  cent. 

•Ceylon Not  less  than   0 . 5  per  cent. 

Coriander Not  less  than   0 . 5  per  cent. 

Cubeb Not  less  than  10 .0  per  cent. 

GASOMETRIC  ANALYSIS 

This  form  of  analysis  is  performed  by  liberating  certain  gases  from 
appropriate  substances  by  chemical  action,  measuring  amount  of  gas 
obtained  in  a  nitrometer  (Fig.  239)  or  other  measuring  tube  for  gases; 
from  the  volume  of  the  gas  calculate  its  weight,  and  from  its  weight 
calculate  the  amount  of  chemical  from  which  the  gas  was  liberated. 
Only  two  official  chemicals  are  assayed  by  this  process — spirit  of  nitrous 
ether  and  amyl  nitrite — and  as  the  principle  of  assay  was  explained  in  the 
discussion  of  the  preparation  first  mentioned  (p.  596),  it  is  unnecessary 
at  this  place  to  do  more  than  insert  a  summary  of  the  pharmacopoeial 
description  of  the  process. 

The  monograph  describes  the  nitrometer,  states  how  it  should  be  filled  with  a 
saturated  aqueous  solution  of  sodium  chloride,  and  points  out  the  precautions  neces- 
sary in  running  the  reagents  (potassium  iodide  and  nHsSOi,  V.S.)as  well  as  the 
chemical  solution  that  is  to  be  tested. 

It  emphasizes  the  necessity  of  careful  observation,  not  only  of  the  voliune  of  gas 
evolved,  but  also  of  the  temperature  and  of  the  barometric  pressure.  It  gives  t-ables 
of  correction  for  temperatures  ranging  from  16**  to  35®C.  and  for  barometric  pressure 
ranging  from  5^  to  790  mm.;  as  well  as  examples  of  the  calculations  of  such 
correct  i  ons 

It  states  that  1  liter  of  NO  gas  weighs  1.3406  Gm.  at  O^'C.  and  7CK)  mm.  and 
1.2281  Gm.  at  25**C.  and  760  mm.  It  also  gives  the  equivalent  factors  for  amyl 
nitrite  both  at  0°C.  and  at  25*'C.    For  details  see  U.S.P.,  p.  600. 

Colorimetric  Assays. — In  those  cases  where  the  quantity  of  substance 
is  too  small  to  determine  either  gravimetricaUy  or  volumetrically  recourse 
is  had  to  the  fact  that  the  intensity  of  a  color  reaction  is  proportional  to 
the  amount  of  the  chemical  present.  Thus  on  p.  449  it  was  stated  that 
Nessler's  reagent  was  used  to  estimate  minute  amounts  of  ammonia 
present  in  water,  space  prevents  extended  description  of  this  method  of 
assay  and  the  reader  is  referred  to  the  articles  by  the  author  and  his  oo- 
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workers  on  the  subject.  {Proc.  Eighth  Int.  Cong.  App.  Ch.,  26,  1912, 
319;  Dr.  Circ,  57,  1914,  131;  Jl.  Frank  Imt.  180,  1915,  199;  Jl.  A.Ph.A., 
4,  1915,  1294;  Jl.  Ind.  Eng.  Ch.,  8,  1916,  309). 

One  such  eolprimetric  test  has  been  introduced  with  the  present  phar- 
macopoeia: 

Dried  Suprarenala. — Mix  0.01  Gm.  dried  suprarenals  with  0.005  Gm.  manganese 
dioxide  and  10  mils  of  water,  shake  well,  fdter  and  compare  the  color  of  the  mtrate 
with  the  color  of  mixtures  of  gold  chloride  T.S.  and  cobaltous  chloride  T.S.  The 
pharmacopcBia  gives  receipes  for  the  gold-cobalt  mixtures  corresponding  in  color  to 
0.2,  0.4^  0.6  and  0.8  of  1  percent,  of  epinephrin  and  states  that  the  maceration  of  0.01 
Gm.  dned  suprarenals  in  10  mils  or  distilled  water,  as  outlined  above,  should  show 
them  to  contain  from  0.4  to  0.8  per  cent,  epinephrin.    For  details  see  U.S. P.,  p.  424. 

Electrolytic  Assays. — On  p.  352  it  was  stated  that  when  a  current  of 
electricity  was  passed  through  a  solution  of  certain  metallic  salts,  dis- 
sociation took  place  and  the  metallic  ions  migrate  toward  the  negative 
pole  where  they  lose  their  electric  charge  and  deposit  as  the  metal.  K 
the  proper  conditions  of  temperature,  time,  strength  of  solution  and  of 
current  are  observed  the  metal  deposits  quantitatively  and  from  its 
weight  can  be  deduced  the  quality  of  the  salt.  The  present  pharmaco- 
poeia permits,  as  an  optional  method,  the  electrolytic  assays  of  mercury 
and  zinc  salts.  It  gives  (Part  2,  Test  4)  a  detailed  account  of  the  proper 
maniptdation,  to  which  the  reader  is  referred. 

Polariscopic  Assays. — We  have  already  learned  (p.  735)  that  the  pur- 
ity of  many  organic  substances  may  be  determined  by  estimation  of  their 
optical  rotation.  To  this  fact  we  must  now  add  the  statment  that  the 
rotation  of  a  solution  of  an  optically  active  substance — say,  sugar  or 
camphor — ^is  directly  proportional  to  the  strength  of  the  solution.  Thus 
the  polariscope  is  not  only  of  service  in  detecting  impurities,  but  it  can 
also  be  used  in  assaying  the  strength  of  preparations  containing  optically 
active  chemicals.  Two  such  polariscopic  assays  are  provided  in  the 
present  pharmacopoeia;  one  for  liniment  of  camphor;  the  other  for  spirit 
of  camphor.  The  student  should  refer  to  these  assays  as  given  in  the 
pharmacopoeia  and  should  also  read  the  general  explanation  of  optical 
activity  found  on  page  602  of  that  work. 

Biological  Assays. — On  page  646  an  outline  of  the  principles  of  bio- 
logical or  physiological  assays  was  given.  Here  it  win  be  merely  men- 
tioned that  in  the  present  pharmacopoeia  such  assays  are  compulsory  as 
far  as  cannabis,  extract  of  cannabis,  fluidextr act  of  cannabis  and  tincture  of 
cannabis  are  concerned;  while  they  are  optional  in  the  cases  of  aconite, 
extract  of  aconite,  fiuidextract  of  aconite,  tincture  of  aconite,  digitalis,  fluid- 
extract  of  digitalis,  tincture  of  digitalis,  squill,  fiuidextract  of  squill,  tincture 
of  squilly  etrophanthus,  tincture  of  strophanthus  and  dned  suprarenale. 
Details  of  manipulation  to  be  followed  in  each  of  these  assays  are  given 
in  the  pharmacopoeia  (page  604). 


PART  VI 

THE  DISPENSING  OF  PRESCRIPTIONS 


CHAPTER  LVII 

THE  PRESCRIPTION 

EUviNG  covered  the  entire  field  of  special  pharmaceutic  operations 
and  preparations,  we  can  proceed  to  dispensing  pharmacy  and  to  that 
climax  of  the  pharmaceutic  art,  the  dispensing  of  prescriptions.  Very 
properly,  the  prescription  is  the  last  topic  studied  in  a  course  on  phar- 
macy, for  the  preparation  of  prescriptions  calls  into  play  all  the  knowl- 
edge that  belongs  to  an  educated  pharmacist.  Not  only  must  the 
prescriptionist  know  pharmaceutic  manipulations  and  be  well  acquainted 
with  all  pharmaceutic  preparations,  but  be  must,  moreover,  be  thoroughly 
familiar  with  all  possibilities  of  chemical  reaction,  with  the  constituents 
of  crude  drugs,  and,  of  course,  must  be  well  up  on  posology— dosage. 
However,  we  will  leave  the  important  topic  of  prescription  criticism  for 
subsequent  pages,  and  this  chapter  will  be  devoted  to  the  generalities  of 
dispensing  and  to  a  discussion  of  the  general  character  of  the  prescription 
— its  composition,  translating,  and  dispensing. 

The  prescription  is  an  order  written  by  the  physician  calling  for  medi- 
cines to  be  compounded  and  dispensed  by  the  pharmacist. 

Technically,  the  ideal  prescription  is  supposedly  divided  into  several 

parts,  which  can  best  be  explained  after  presentation  of  a  typical 

prescription. 

Ideal  Prescription 
(Date.)  August  6,  1916 

(Name  of  Patient.)  For  Mrs.  Jones 


(Superscription.) '  ^. 
(Inscription.) 


Acidi  salicylici Zu}-  (Basis.) 

Potassii  acetatis 5iv.  (Adjuvant.) 

Glycerini 5 }•  (Corrective.) 

AqusB q.  s.  ad.  5iv.  (Vehicle.) 

(Subscription.)     Misce  fiat  solutio. 

(Signa.)  SiG. — One  teaspoonful  four  times  a  day. 

(Name  of  doctor.)  Dr.  Brown. 

Taking  up  the  parts  of  the  prescription  in  regular  order,  the  following 
information  may  be  of  service. 

The  date  of  a  prescription  is  rarely  written  by  the  physician,  but  is  of 
value  in  establishing  its  identity. 

The  name  of  the  patient  should  always  be  written  by  the  physician, 
and  especially  the  information  as  to  whether  the  patient  is  an  infant, 
chUd,  or  adtdt.  If  the  doctor  omits  this  important  datum,  the  pharma- 
cist should  supply  it  by  writing  the  name  and  address  on  the  prescription 
or  on  the  card  to  which  it  is  attached.  There  is  usually  little  diflSculty  in 
persuading  the  patient  to  furnish  name  and  address.  To  this  may  be 
added  the  emphatic  statement  that  whenever  the  name  does  appear,  it 
should  be  written  on  the  label.  Suppose,  in  handing  the  medicine  to  two 
customers,  an  exchange  is  effected,  and  Mrs.  Smith  gets  the  remedy  in- 
tended for  Mrs.  Jones.  If  the  label  bears  the  inscription  "For  Mrs. 
Jones,"  that  inscription  might  prove  a  warning  and  secure  the  return  of 
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the  medicine  to  the  pharmacy.  Of  course,  such  an  error  on  the  part  of 
the  pharmacist  is  scarcely  excusable,  but  such  errors  sometimes  occur, 
and  lucky  is  the  man  who  is  saved  from  the  possible  disastrous  results  of 
a  sUp  of  that  kind  by  the  simple  precaution  just  ^ven. 

The  superscription  is  the  sign  which  is  an  abbreviation  of  the  Latin 
word  "recipio,"  meaning  "take  thou."  The  flourish  at  the  end  of  the 
R  is  presumably  the  sign  of  Jupiter,  legend  sa3ring  that  Roman  physicians 
used  the  sign,  thus  making  the  superscription  an  invocation  "take  thou  in 
the  name  of  Jupiter."  This  pleasant  fable  has  never,  however,  been  well 
authenticated.  The  French  use  the  abbreviation  "P,"  meaning  "pre- 
nez,"  "take." 

The  inscription  is  the  body  of  the  prescription — ^the  enumeration  of 
the  medicines  desired  and  the  quantity  of  each.  As  seen  above,  the 
inscription  of  the  typical  prescription  may  contain  four  groups  of  medici- 
nal agents,  although  the  modern  physician  is  rapidly  abandoning  com- 
plex prescriptions,  often  prescribing  a  single  ingredient. 

Explaining  these  four  groups: 

The  basis  is  the  main  ingredient — ^the  medicine  first  indicated  to  the 
mind.  Thus,  in  the  above  prescription  (evidently  for  a  rheumatic  patient) 
the  remedy  first  suggested  was  salicylic  acid. 

The  adjuvant  is  the  medicine  intended  to  aid  the  basis  in  its  medical 
action.  In  the  above  prescription  the  doctor  evidently  recalled  that 
rheumatism  is  due  to  excess  of  uric  acid,  and  decided  to  attempt  to  re- 
move the  uric  acid  by  the  use  of  the  diuretic,  potassium  acetate.  Hence 
this  salt  is  the  adjuvant — the  assistant. 

The  corrective  is  some  substance  added  to  lessen  irritating  effect  or  im- 
prove flavor  of  the  main  ingredients.  In  the  prescription  given  above 
glycerin  is  the  corrective;  but  frequently  flavored  syrups  or  non-medicated 
elixirs  are  used  as  correctives. 

The  vehicUf  or  diluent,  is  the  material  added  to  dilute  the  preparation 
to  a  reasonable  dose.  Too  much  stress  cannot  be  laid  upon  the  danger  of 
prescribing  small  doses,  such  as  a  few  drops  of  a  liquid.  In  the  hands  of 
the  ignorant  or  careless  fatal  mistakes  are  apt  to  occur. 

Most  dangerous  of  all  is  the  ctistom  of  some  physicians  in  directing  the  patient 
to  dilute  a  potent  prescription  at  home.  A  fatal  case  of  this  kind  occurring  in  Cleve- 
land was  the  prescribing  of  tincture  of  aconite  (U.S.P.  1890)  for  an  infant,  with  the 
foUowing  remarkable  mrections:  ''Five  drops  in  a  elass  of  water,  and  then  a  tcA- 
spoonful  every  hour."  The  mother  followed  the  directions  implicitly,  giving  the 
babe  five  drops  of  the  tincture  in  water,  followed  by  a  teaBpoonful  of  the  potent  tinc- 
ture I 

The  subscription  includes  the  directions  as  to  compounding  intended 
for  the  guidance  of  the  pharmacist.  In  the  olden  times  the  subscription 
was  frequently  quite  lengthy,  minute  details  of  the  compoimding  being 
written  in  choice  Latin,  but  as  present  the  subscription  is  usually  boiled 
down  to  the  succinct  "  M"  or  M  ft.  pil."  or  "  F.  S.  A."  These  terms  are 
left  untranslated,  that  the  student  may  hunt  up  the  abbreviations  in  the 
list  of  Latin  terms  found  on  a  sul^equent  page. 

The  signa  represents  the  directions  to  the  patient,  which  directions 
are  to  be  written  on  the  label  by  the  pharmacist,  translating  from  Latin 
to  English,  if  the  physician  gives  the  directions  in  the  former  language. 
Like  the  subscription,  the  signa  was  formerly  written  by  the  physician 
in  Latin,  but  the  modern  medical  man,  not  being  as  much  at  home  with 
the  classics  as  were  his  predecessors,  rarely  resorts  to  Latin,  except  a  few 
time-worn  abbreviations  found  in  the  list  of  Latin  terms. 
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The  modem  physician,  alas!  pays  but  little  attention  to  his  prescription,  and 
there  is  no  part  of  the  curriculum  of  medical  colleges  more  neglected  than  the  very- 
important  branch  of  prescription  writing.  It  is  sadly  true  that  one  reason  why 
so  many  young  physicians  have  gotten  into  the  pernicious  practice  of  prescribing 
ready-made  nostrums  is  because  of  their  lack  of  knowledge  of  correct  prescription 
writmg. 

The  pimrmacist  should  do  all  in  his  power  to  dissuade  the  physician 
from  reducing  his  "signa''  to  the  sterotyped  "as  directed,"  since  the  dos- 
age should  appear  on  the  label  for  the  guidance  of  the  patient,  and  on  the 
prescription  that  the  pharmacist  may  determine  if  the  dose  is  safe. 
While  on  the  question  of  dosage,  menion  should  be  made  of  the  need  of 
adoption,  in  this  country,  of  the  system  regulating  large  doses  that  is  in 
vogue  in  Germany.  In  that  country  an  authoritative  list  of  maximum 
doses  is  published,  and  any  physician  desiring  to  prescribe  a  dose  larger 
than  the  maximun^  declares  his  intention  by  underscoring  the  dose,  or 
rewriting  the  quantity  in  words. 

As  shown  above,  the  ideal  prescription  is  written  in  the  Latin  language, 
which  is  used  because  it  is  the  universal  language  of  science;  because  it 
lessens  the  use  of  local  synonyms;  and  because  it  is  frequently  advisable 
to  keep  the  patient  from  knowing  the  nature  of  the  medicine  prescribed. 

Concerning  the  value  of  Latin  as  the  universal  language  of  science, 
suppose  an  actual  case  and  imagine  we  have  before  us  three  prescriptions 
— one  of  an  American  practitioner,  one  written  by  a  physician  of  Han- 
over, Germany,  and  the  last  the  order  of  a  doctor  practising  in  Buda- 
pesty  Hungary.  Quite  likely  the  pharmacist  knowns  nothing  of  German, 
almost  certainly  he  is  not  acquainted  with  the  weird  Hungarian  tongue, 
yet  were  all  three  prescriptions  brought  to  his  store,  he  coidd  read  one  as 
easily  as  the  other,  for  all  are  written  in  Latin. 

The  other  great  value  of  the  use  of  Latin  is  that  it  practically  does 
away  with  the  use  of  confusing  synonyms.  A  person  comes  into  a  drug- 
store and  asks  for  "chamonule,"  and  the  pharmacist  has  to  inquire 
"which  chamomile — German  or  Roman."  Even  so  would  it  be  if  the 
doctor  wrote  his  prescription  in  English  and  demanded  ''  extract  of  chamo- 
mile." The  question  would  again  be,  "which  chamomile?"  while  if 
he  writes  "ext.  anthemidis,"  or  "ext.  matricariffi,"  the  chamomile  he 

wants  is  very  plain. 

PRESCRIPTION  LATIN 

In  the  brief  space  of  one  chapter,  much  idea  of  Latin  cannot  be  given, 
but  the  following  explanations  may  throw  at  least  some  light  on  the 
Latin  prescriptions. 

In  most  English  grammars  we  find  that  nouns  are  said  to  have  three 
''cases" — nominative,  possessive,  and  objective.  Latin  nouns  have  six 
such  cases,  but  of  these  only  two  are  used  to  any  extent  in  pharmacy — 
the  nominative  and  the  genitive. 

Those  who  have  studied  English  grammar  at  all,  will  remember 
that  the  nominative  case  means  that  form  of  noun  or  pronoun  used 
as  the  subject  of  the  verb;  thus,  "John"  is  nominative  in  the  sentence 
"John  runs;"  likewise  "I"  in  the  sentence  "I  walk."  In  English  the 
form  of  the  noun  is  the  same,  regardless  of  its  case.  Not  so,  however, 
\vith  pronouns,  for  while  "I"  is  nominative,  "me"  is  its  objective  form- 
Latin  nouns  have  a  different  ending  for  each  case,  just  as  English  pronouns 
differ  according  to  case.  Having  thus  described  the  nominative,  we  can 
turn  to  the  genitive  case,  which  has  no  exact  counterpart  in  English.  It 
comes  nearest  to  our  possessive  case,  but  it  really  means  what  we  would 
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put  in  English  as  "of  the ,"  supplying  the  noun  for  the  dash.    A 

grouping  of  the  terminations  of  the  Latin  noun  in  its  various  cases  is  called 
its  declension,  and  the  Latin  nouns  are  grouped  into  five  declensions,  each 
having  a  different  set  of  endings.    Thus,  in  the  first  declension,  we  have — 

Nominative^  mensa  (a  table). 

Genitive i  mensce  (of  a  table), 
and  the  plural  of  the  same  noun  is 

Nominative,  mensse  (tables). 

Genitive,  mensarum  (of  tables). 

In  our  limited  space  we  cannot  go  beyond  these  few  facts,  and  we 
will  immediately  proceed  to  practise  the  two  cases  as  found  in  the  Latin 
names  of  the  pharmacopceia: 

First,  let  us  look  up  a  pharmacopoeial  name  belonging  to  the  de- 
clension just  given — the  first.  This  we  find  in  two  words,  among  many 
others,  "tinctura"  and  "serpentaria." 

Nominative,  tinctura  (a  tincture);  serpentaria  (serpentaria). 

Genitive,  tincturce  (of  a  tincture;)  serpentarice  (of  serpentaria). 

Let  us  bring  these  together  in  the  official  name,  tincture  of  serpentaria, 
which  in  Latin  is  tinctura  serpentaria?. 

In  the  second  declension  we  find  two  forms  of  nouns — masculine 
nouns  ending  in  "us,"  and  neuter  nouns  ending  in  "um."  They  arc 
declined : 

Nominative,  us  um 

Genitive,  i  i 

Let  us  apply  these  terminations,  first  picking  out  some  official  noun 
ending  in  "us;"  for  instance,  "syrupus"  and  "rubus:" 

Nominative,  syrupus  (syrup);  rubus  (blackberry). 

Genitive,  syrupi  (of  S3nrup);  rubi  (of  blackberry). 

Combining  these  to  read  "s3niip  of  blackberry,"  we  get  "syrupus 
rubt." 

Among  the  official  nouns  ending  in  "um,"  we  find  "unguentum" 
and  "iodum." 

Nominative,  unguentum  (ointment);  iodum  (iodine). 

Genitive,  unguenti  (of  ointment);  iodi  (of  iodine). 

Then  the  official  name  of  "ointment  of  iodine"  is  "unguentum  iodt." 
Of  course,  we  can  combine  nouns  of  any  declension,  only  being  careful 
to  employ  the  correct  termination.  Thus,  we  can  write  "tinctura  iodi" 
(tincture  of  iodine)   or  "syrupus  serpentaria?"  (syrup  of  serpentaria). 

The  third  declension  embraces  all  those  nouns  whose  genitive  ends 
in  "is."  The  nominative  varies  greatly,  causing  the  declension  to  be 
complex,  but  all  the  pharmacopoeial  variations  will  be  given  here: 

Nominative.  Genitive, 

Adeps  G&rd).  Adipis  (of  lard). 

Macis  (mace).  Macis  (of  maoe). 

Sulphas  (a  sulphate).  Sulphatis  (of  a  sulphate). 

Sulphis  (a  sulphite).  Sulphitis  ^of  a  sulphite). 

Mucilago  (a  mucilage).  Mucilacinis  (of  a  mudlage/. 

Nux  (a  nut).  Nucis  (pf  a  nut). 

Liquor  Ta  solution).  Liquoris  (of  a  solution). 

Rhus  (rnus).  Rhois  (of  rhus). 

Flos  (a  flower).  Floris  (of  a  flower). 

Theobroma  (theobroma).  Theobromatis  (of  theobroma). 

Csmtharis  (cantharides).  Cantharidis  (of  cantharides). 

In  "rhus"  we  have  a  noun  ending  in  "us"  which  does  not  belong 
to  the  second  declension,  and  likewise  the  entire  fourth  declension 


THE   PRESCRIPTION 


931 


ends  in  "us."-  Fortunately,  there  are  but  two  pharmacopoeia!  names 
involved  in  this  declension;  they  being  "spiritus"  and  "fructus,"  which 
are  declined  as  follows: 


Nominative,  spiritus  (a  spirit)-. 
'*  fructus   (a  fruit). 


Genitive,  spiritus  (of  a  spirit). 
*'  .    fructus   (of  a  fruit). 


"um"  take  the 


To  sum  up,  all  pharmacopceial  nouns  ending  in 
termination  "i"  in  the  genitive;  those  in  "a"  in  the  nominative — 
except  theobroma — ^take  "se"  in  the  genitive;  and  all  ending  "us" 
in  the  nominative — except  rhus,  fructus,  and  spiritus — take  "i"  in  the 
genitive;  these  rules  applying  only  to  the  singular  number. 

Concerning  the  plursJ,  we  need  only  consider  that  of  the  first,  second, 
and  third  declensions,  exemplified  in  "herba,"  "folium,"  and  "flos" 
respectively. 


Singular. 

Nominative,  Genitive. 

Herba  (an  herb).     Herbse  (of  an  herb). 
Solium  (a  leaf).        Folii  (of  a  leaf). 
Floe  (a  flower).        Floris  (of  a  flower). 


Nominative. 

Herbse  (herbs). 
FoUa  (leaves). 
Flores  (flowers). 


Plural. 

Cfenitive. 

Herbamm  (of  herbs). 
Foliorum  (of  leaves). 
Florum  (of  flowers). 


So  far  we  have  considered  the  subject  only  in  the  simple  relationship 
as  seen  in  pharmacopceial  names,  and  to  make  the  matter  still  more 
clear,  we  will  cite  a  few  names  where  the  application  of  the  declensions 
may  be  seen: 


Quinino^  sulphas, 

Sodu  sulphis, 

Macil&go  acacits, 

Tinctura  nucis  vomiccp, 

Liquor  calcis, 

fluidextracttim  rhois  glabne, 

Spiritus  sethert8, 

llnctura  belladonna;  foliorum, 

Tinctura  amicce  florum, 

Tinctuns  herborum  recentium, 


Sulphate  of  quinine. 
Sulphite  of  sodium. 
Mucilage  of  gum  arabica. 
Tincture  of  nux  vomica. 
Solution  of  lime. 
Fluidextract  of  rhus  glabra. 
Spirit  of  ether. 

llncture  of  belladonna  leaves. 
Tincture  of  arnica  flowers. 
Tinctures  of  fresh  herbs. 


(^'Recentium"  is  an  adjective,  genitive  plural,  from  the  nominative 
singular  "recens,"  and  genitive  singular  "recentis.") 

The  oflScial  (or  the  Latin  nominative  singular)  of  "nux  vomica," 
"rhus  glabra,'^  and  "sodium"  are  the  words  just  given. 

We  are  now  ready  to  consider  the  changes  the  Latin  name  under- 
goes in  writing  the  prescription — a  change  that  is  quite  marked,  though 
very  simple. 

The  sign  IJ  means  "take"  and  nothing  else,  and  in  the  prescription 
we  are  not  supposed  to  write — 

"Take,  sulphate  of  quinine,"  but,  "Take,  of  sulphate  of  quinine," 
which  means  that  in  translating  the  prescription  into  Latin  the  word 
"sulphate"  is  put  into  the  genitive,  the  same  as  is  the  word  "quinine," 
and  when  correctly  written,  the  term  will  stand — 

"  IJ.     QuininoB  sulphatts ' ' 

Take  of  sulphate  of  quinine  (reversed,  you  see)  and  not — 

"IJ.     QuinincB  sulpha«" 

Take  sulphate  of  quinine. 


bus    is  the  only   change  in    writing   the   pharmacopceial   name    in 
prescription,  although  sometimes  this  change  is  perplexing;  thus  we 


This 

a 

write: 
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^,     Mucilsiginia    acacic? 
{of  mucilage  of  acacia) 


and    not 


I(.    Mucilago    acacia 
(mucilage  of  acacia). 


Besides  the  nominative  and  genitive  cases,  the  abUUive  case  is  used 
occasionally  in  pharmacopceial  titles..  Even  as  the  genitive  is  used 
after  the  preposition  "of,"  so  the  ablative  is  used  after  the  prepositions 
"fronci,"/'with,"  '4n,"  and  "by."  The  foUowing  are  the  pharma- 
copoeia! instances  of  the  ablative: 

Hydrargyrum  cum  creta — mercury  with  chalk.  In  this  case  "creta" 
is  the  ablative  singular  of  noun  of  the  first  declension,  creta. 

Emvlsum  olei  morrhucB  cum  hypophosphitibus — emulsion  of  cod-liver 
oil  with  hypophosphites.  In  this  case  "hypophosphitibus"  is  the 
ablative  plural  of  the  noun  of  the  third  declension,  hypophosphis. 

Ferri  hydroxidum  cum  magnesii  oa^ido— hydrated  oxide  of  iron  with 
oxide  of  magnesium.  In  this  case  "oxido"  is  the  ablative  singular  of 
the  noun  of  the  second  declension,  oxidum. 

The  above  outline  refers  only  to  Latin  nouns.  Adjectives  change 
number  and  case  with  the  noun  they  qualify,  but  their  terminations  do 
not  necessarily  conform  with  the  termination  of  the  noun.  Thus,  a 
masculine  noun  of  the  third  declension  may  be  qualified  by  a  masculine 
adjective  of  the  second  declension.  It  simply  changes  to  the  same 
gender  and  case.  Therefore  it  might  be  well  to  insert  a  list  of  adjectiyes 
found  in  pharmacopceial  titles  with  their  declensions: 


First  and 

Second  Declensions 

Masculine. 
NomiTialive — adheRi'vuB 
Oenitive —      adhesivi 

Singular. 

Feminine. 
adhesiva 
adhesivse 

Plural. 

NeuUr. 
adhesivum 
adhesivi 

Masculine. 

Feminine. 

NeiUer, 

Nominative — ^adhesivi 
Oenitive —       adhesivorum 

adhesive 
adhesivarum 

adhesiva 
adhesivorum. 

Adjectives  of  this  class  found  in  present  and  past  pharmacopceial 
titles  are: 


AdhesiviCs 
Amarus 


Ammoniatus 

Benzoinatus 

Camphoratus 

Cantharidatus 

Citratus 

Gompositus 

Corrosivus 

Deodoratus 
Despumatus 
Destillatus 
Dilutus 

Expressus 
Exsic'catus 


Flavus 
Fusus 


in  emplastrum  adhesivum 

in  aurantium  amarum 

in  amygdala  amara 

in  vinum  fern  amarum 

Tinctura  guaiaci  ammoniata 

in  adeps  benzoinatus 

in  tinctura  opii  camphorata 

in  collodium  cantharidum 

in  ca£feina  citrata 

Tinctura  cinchonse  com  posit  a 

and  a  number  of  others, 
in  hydrargyri  chloridum 


^hesive  plaster). 

(bitter  orange). 

(bitter  almond). 

(bitter  wine  of  iron). 

'ammoniated  tincture  of  guaiac). 

benzoinated  lard). 

^camphorated  tincture  of  opium). 

(cantnaridal  collodion ) . 

(cit rated  caffeine). 

(compound  tincture  of  cinchona). 


cor-  (corrosive  chloride  of  mercury). 


rosivum. 
in  tinctura  opii  deodorata 
in  mel  despumatum 
in  aqua  destillata 
in  acidum  sulphuricum  dilu- 

tum  and  a  number  of  others 
in  oleum  amy^dalse  expressum 
in  alumen  exsiccatum 
in  ferri  sulphas  exsiccatus 
in  sodii  phosphas  exsiccatus 
in  hydrargyn  oxidum  fiavum 
in  argenti  nitras  fusus 


(deodorized  tincture  of  opium), 
(clarified  honey), 
(distilled  water), 
(diluted  sulphuric  acid). 

(expressed  oil  of  almond), 
(exsiccated  alum), 
(exsiccated  sulphate  of  iron), 
(exsiccated  phosphate  of  sodium), 
(yellow  oxide  of  mercury), 
(fused  nitrate  of  silver). 
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Granulatiu 
Lotus 
Mitigatufl 
Monohydratus 

Ponderosus 

Pnecipitatos 

Reductus 

Saccharatus 

Stypticus 

SublimatUB 

Sulphuratus 


in  ferri  sulphas  granulatus 

in  sulphur  lotum 

in  argenti  nitras  mitigatus 

in  sodii  carbonas  monohy- 
dratus 

in  magnesii  oxidum  pondero- 
sum 

in  ferri  sulphas  prsecipitatus 
and  others 

in  f  errum  reductum 

in  ferri  carbonas  saccharatus 

in  collodium  stypticum 

in  sulphur  sublimatum 

in  calx  sulphurata 


(granulated  sulphate  of  iron), 
(washed  sulphur), 
(mitigated  nitrate  of  silver), 
(monohydrated  carbonate  of  sodium). 

(heavy  oxide  of  magnesium). 

(precipitated  sulphate  of  iron). 

^reduced  iron). 

(saccharated  carbonate  of  iron), 
(styptic  collodion), 
(sublimed  sulphur), 
(sulphurated  lime). 


The  adjective  rvber  (example  hydrargyri  oxidum  nibnim — red  oxide 
of  mercury)  has  same  endings  in  the  nominative  and  genitive  cases  as 
the  other  adjectives  of  the  first  and  second  declensions^  except  that  the 
masculine  nominative  singular  is  ruber. 

Third  Declension  of  Adjbctivbb 

Singular,  Plural. 

Masculine  and  Masculine  and 

Feminine.  NevJter,  Feminine. 

Nominative — Animalis  animale  animales 

Genitive —       Animalis  animalis  animalium 


NeiUer. 

animalia 
animalium. 


Adjectives  of  this  class  found  in  past  and  present  pharmacopceial 
titles  are: 


Animalis 

Dulcis 

Flexilis 

Glacialis 

Levis 

Mitis 

Mollis 

Solubilis 


in  carbo  animalis 
in  amvgdala  dulcis 
in  collcxlium  flexile 
in  acidum  aceticum  glaciale 
in  magnesii  oxidum  levis 
in  hydrargyri  chloridum  mite 
in  sapo  mollis 

in  ferri  phosphas  solubilis  and 
severstl  others 


(animal  charcoal), 
(sweet  almond), 
(flexible  collodion), 
(glacial  acetic  acid). 
$(^ht  oxide  of  magnesimn). 
(mild  chloride  of  mercury), 
(soft  soap), 
(soluble  phosphate  of  iron). 


Some  adjectives  of  the  third  declension  have  a  slightly  different 

form,  viz.: 

Singtdar.  Plural. 

Masculine  and  Masculine  ar^ 

Feminine.  Neuter.  Feminine. 


Neuter. 

adjuvantia 
adjuvantium. 


Nominative — adjuvans  adjuvans  adjuvantis 

Genitive —      adjuvantis  adjuvantis  adjuvantium 

Three  of  these  are  used  in  pharmacopceial  titles: 

Adjuvans  in  elixir  adjuvans  (adjuvant  elixir). 

Effervescens       in  pulvis  enervescens  compositus  (compound  effervescent  powder). 

Recens  in  tincturse  herbarttm  recentium  (tinctures  of  fresh  herbs). 

Three  pharmacopceial  titles  have  the  adjective  in  the  comparative 

degree: 

Aqua  ammonise  fortior  (stronger  ammonia  water). 

Aqua  aurantii  florum  fortior  (stronger  orange  flower  water). 

Aqua  rosss  fortior  (stronger  rose  water). 

Verbs  are  not  used  much  in  modern  prescription  writing  beyond  the 
stereotyped  abbreviated  phrases  found  in  the  list  below.  Moreover, 
a  discussion  of  Latin  verbs  and  their  conjugation  would  mean  a  complete 
review  of  Latin  grammar,  which  is  clearly  beyond  the  scope  of  this  work. 
For  further  details,  therefore,  the  reader  is  referred  to  list  of  books  on 
pharmaceutic  Latin  found  in  Preface. 
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TABLE  OF  LATIN  AND  FOREIGN  TERHS  USED  IN  PRESCRIPTIONS 


T6RM. 


[(L.)  Latin,  (G.)  Gennan,  (F.)  French] 


Abendessen  (G.), 

Ad(L.), 

Adde  gL), 

Ad  libitum  (L.). 

Altemis  horis  (L.)} 

Ana  (L.)f 

Ante  rL.j. 

Aqua  Duiliens  CL.), 

Aqua  fervens  (L.); 

Aqua  fontiB  (L.)* 

Aaua  pluvialis  (L.)) 

Alle  drei  Stunden  (G.)» 

Bene  (L.), 

Bis  in  die  (L.)i 

Bissen  (G.i, 

Bol  {¥X 

Capia  (L.)f 

Oapsulffi  amylaceee  (L.)i 

Charta  cerata  (L.)} 

Chartula  (L.)y 

Cochleare  amplum  (L.)} 

Cochleare  maffnum  (L.)i 

Cochleare  medium  (L.)i 

Cochleare  parvum  (L.)i 

Coletur  (L.). 

Colly rium  (L.), 

Coquetur  (L.), 

Coucher  (F.), 

GuiUer^  a  cafe  (F.), 

Cuillerto  a  soupe  (F.), 

Detur  (L.)i 

Dentur  (L.), 

Dentur  talis  dosis  (L.), 

Deux  (F.), 

Dies  (L.), 

Dividatur  (L,), 

Dosis  (L.)» 

Drachma  (L.JL 

Drei  mai  tftdUoh  (G.), 

Ejusdem  (LT), 

Enemata  (L.)> 

Essloffelvoll  (G.), 

Et  (L.), 

Ex  mode  presoripto  (L.), 

Fiat  (L.), 
Fois  (F.), 
Gouttes  (F.)f 
Granum  (L.), 
Gutts  (L.), 
Hora  (L.), 
Hori  somni  (L.). 
Jeder  or  jeden  (G.)i 
Latwerge  (GX 
Mica  panis  (L.), 
Misce  (L.), 
Mittagessen  (G.), 
Mitte  talis  dosis  (L.), 
Non  repetatur  (L.)* 
Numero  (L.), 
Oblate  (G.), 
Omni  horsB  (L.), 
Omni  mane  (L.), 


Abbrbviation. 


Add. 
AdUb. 

U. 


Aq.  bull. 
Aq.  fenr. 
Aq.  font. 
Aq.  pluv. 


B.  i.  d. 


Cap. 

Chart,  cer. 
Cht. 

Coch.  ampl.  \ 
Coch.  mas.  / 
Coch.  med. 
Coch.  parv. 

CoUyr. 
Coq. 


Det.  \ 
Dent./ 
Dent.  tal.  dos. 

D. 

Divid. 


Enem. 

E.  m.  p. 
Ft. 


Gr. 
Gtt. 

Hor.  8om. 


Mic.  pan. 
M. 


Non.  rep. 
No. 

Omn.  hor. 
Omn.  man« 


Meaning. 

Supper. 

To,  up  to. 

Let  it  be  added. 

At  pleasure. 

Every  other  hour. 

Of  each. 

Before. 

Boiling  water. 

Warm  water. 

Spring  water. 

Rain  water. 

Every  three  houFs. 

Well,  good. 

Twice  a  day. 

Bolus. 

Bolus. 

Let  the  p»atient  take. 

Starch  capsules  (cachets). 

Waxed  p»aper. 

Papers. 

Tablespoonful. 

Dessertspoonful. 
Teaspoonful. 
Let  it  be  strained. 
Biye-wash. 
Let  it  be  boiled. 
Bedtime. 
Teaspoonful. 
Tablespoonful. 
Let  it  be  given. 

Give  of  such  doses. 

Two. 

Day. 

Let  it  be  divided. 

A  dose. 

A  drachm. 

Three  times  a  day. 

Of  the  same. 

Enema. 

TablespoonfuL 

And. 
f  As  prescribed. 
\As  directed. 

Let  it  be  made. 

Time. 

DropB. 

Gram. 

Drops. 

An  hour. 

At  bedtime. 

Every. 

Electuary. 

Crumb  of  bread. 

Mix. 

Dinner  (at  noon). 

Send  of  such  doaes. 

Do  not  repeat. 

In  number. 

Wafer  paper. 

Ehrery  hour. 

Every  morning. 
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Term. 

Omni  nocte  (L.), 
Optimufl  (L.). 
Pain  azyme  (F.), 
Paquet  (F.), 
Partes  seqiialiB  (L.)i 
Ptotillen  (G.), 
PUlen  (G.)  \ 
PUule         / 
Pondus  civile  (L.)i 
Pondus  medicinale  (L.), 
Post  cibo  (L.), 
Poudre  (F.), 
Pro  re  nata  (L.)i 

Pulver  (G.), 

Pulvis  (L,\ 

Pulvis  subtillissimus  (L.), 

Quantum  sufficit  (L.)) 

Quotidie  (L.), 

Repetatur  (L.), 

Rotula  (L.), 

Schlafengehen  (G.)) 

Scrupulus  (L.)f 

Secundum  artem  (L.)i 

Sesqui  (L.)y 

Sisnetur  (L.), 

Solvetur  (L.), 

Spiritus  Vini  Rectificata  (L.), 

^iritUB  Vini  Tenuis  (L.)i 

Tabella  (L.), 

Talis  (L.), 

Ter  (L.), 

Ter  in  die  (L.), 

Tere  bene  (L.), 

TheelSflFelvoU  (G.). 

Toutes  les  heures  (F,), 

Trois  fois  par  jour  (F.), 

Tropfen  <G.), 

Uncia  (L.), 

Ut  dictum  (L.), 

Zwei  (G.), 

For  a  more  complete  list  of  Latin  terms,  see  Scoville's  "Art  of  Com- 
pounding." 

While  on  the  subject  of  abbreviations,  mention  should  be  made  of 
the  danger  likely  to  arise  from  the  careless  writing  of  abbreviated  names 
of  drugs.  Among  classic  instances  of  such  abbreviations  are  ''hyd. 
chlor,"  which  might  mean  chloral  hydrate,  mercuric  chloride,  or  mer- 
curous  chloride;  "Uq.  mag,"  which  might  mean  solution  of  some  mag- 
nesium salt,  or  else  Magendie's  solution  (p.  821),  while  ''sulph."  may 
mean  sulphate,  sulphite,  or  sulphide;  ''nit."  may  mean  nitrate  or  nitrite, 
and  similarly  an  abbreviation  of  name  of  any  negative  element  in  salts 
and  acids  can  be  misconstrued  when  there  is  more  than  one  acid  derived 
from  the  element.  In  most  cases  of  such  abbreviation  the  experienced 
pharmacist  can  discern  the  remedy  desired  either  by  the  dose  prescribed 
or  by  the  relative  popularity  of  the  several  possibilities.  Thus,  a  pre- 
scription calling  for  ''zinc  sulph."  almost  invariably  means  zinc  sulphate, 
as  the  sulphite  and  sulphide  of  that  metal  are  rarely  used  in  medicine. 

In  U.S.P.  IXL  "sulph''  is  given  official  sanction  as  the  proper  abbreviation  for 
''sulphate";  "sulphite  '  is  directed  to  be  written  in  full,  while  the  abbreviation  of 
"sulphidum"  is  *^Bulphid." 


Abbreviation. 

Meaning. 

Omn.  noct. 

Every  night. 
The  best. 

Opt. 

Wafer  paper. 

A  powaer  (package). 

P.  seq. 

Equal  p»art8. 

Losenges. 

Pills. 

Avoirdupois  weight. 
Apothecary  wei^t. 
After  eating. 

Post.  cib. 

Powder. 

P.  r.  n. 

As  occasion  requires  (when 

needed). 

Powder. 

Pulv. 

A  powder. 

Pulv.  subtil. 

Ver^  smooth  powder. 
Sumcient  quantity. 

Q.  8. 

DaUy. 

Rept. 

Let  it  be  repeated. 

Globules. 

Bedtime. 

3 

A  scruple. 
Acconung  to  art. 
Once  and  a  half. 

8.  a. 

Sis. 
flolve. 

Let  it  be  marked. 

Let  it  be  dissolved. 

L),  S.  V.  R, 

Alcohol. 

S.  V.  T. 

Diluted  Alcohol. 

Tab. 

A  lozenge. 

Of  such. 

Thrice. 

T.  i.  d. 

Thrice  daily. 

Bub  well. 

Teaspoonful. 

All  the  hours  (every  hour) . 

Three  times  a  day. 

Drops. 

8 

An  ounce. 

Ut.  diet. 

As  directed. 

Two. 
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The  guantitiea  used  in  prescription  writing  are  those  of  the  apothecan-. 
as  shown  in  the  typical  prescription  printed  below.  The  metric  system 
is  used  exclusivdy  by  the  physicians  of  continental  Europe,  and  to  a 
slight  extent  by  American  physicians.  The  quantities  are  preferably 
expressed  as  shown  in  the  prescription  given  below: 

Q.     QuininsD  sulphatis 2.00 

Fern  reducti.^ 1 .00 

'    Acidi  arsenosi 0.05 

Miace  fiat  piluls  numero  xx. 


^  r 


Fig.  250.— 'Faulty  minim  sign. 

In  this  country  prescription  blanks  are  sometimes  printed  with  a 
vertical  line  intended  to  separate  the  grammes  from   the  fractional 

Fig.  251. — Dangerous  preaoription. 

parts  thereof,  thus  replacing  the  decimal  points  in  the  above  precription* 
just  as  in  a  ledger  a  line  is  used  to  separate  dollars  from  cents. 


R        r,. *S1^^^ 


"^■^■'"'^'-'-ir^^    ^^^^^.^   J- 


^ 


Fig.  252.— Tsrpieal  prescription. 


Rarely  does  the  continental  physician  write  the  word  "gramme;* 
quantities,  as  written  above,  being  clearly  understood  as  meaning  tbe 
metric  system. 
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As  abbreviations  of  drug  names  may  sometimes  lead  to  dangerous 
results  through  misinterpretation,  so  occasionally  the  abbreviations 
for  quantities  prove  a  source  of  error. 

It  IB  easv  to  write  the  symbol  of  ounce  (S)  when  drachm  (3)  is  intended,  and 
tbere  is  still  another  danger  lurking  in  the  minim  (HI)  sign — a  misunderstanding 
thAt  resulted  in  the  death  of  two  persons  in  New  Orleans  some  years  since. 


Fig.  253. — Typical  preseription. 

The  minim  sign  seems  distinct  enough,  but  a  prominent  physician,  now  dead. 
Kraduallv  modified  his  minim  sign  from  the  correct  form  to  one  similar  to  the  symbol 
^r  the  drachm. 

One  day  the  physician  wrote  the  prescription  shown  below,  and  the  unfortunate 
druggist,  in  one  of  those  frightful  lapses  that  might  come  to  any  of  us,  read  and  dis- 
penaed  «tx  dxac^m^  of  tincture  of  aconite  instead  of  the  six  minima  desired.    Of  course 


lUJ^/^^%^ 


Fig.  254. — French  preseription. 

lie  was  to  blame,  but  when  we  hear  of  such  things  we  should  feel  thankful  that  we 
^w^ere  spared  the  fearful  blunder.  Naturally,  the  patient  died,  and  the  druggist, 
completely  ruined,  after  a  year  of  hopeless  attempts  of  retrieving  his  fortune,  gave 
up  the  conflict  and  committed  suicide. 

The  metric  quantities  as  written  above  are  less  likely  to  mislead, 
aJtbough  a  fly-speck  might  be  mistaken  for  a  decimal  point.    Another 
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!•  1^. 


/KaXc 


Pig.  256.— IVenoh  pretoription. 


9^w 


"nC^M/ti^. " 


Fl<.  266.— Typioal  preMripCkm. 
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possibility  of  danger  with  physicians  unfamiliar  with  the  system  is 
writing  ten  times  the  quantity  intended.  For  instance,  writing  0.05 
(five  centigrammes)  when  0.005  (five  milligrammes)  was  intended. 

Before  leaving  the  subject  of  the  prescription  as  a  doctunent  a  few 
typical  prescriptions  may  be  of  service. 

This  is  a  clearly  written  prescription  of  a  soutnern  practitioner. 

Sanitatsrath  Dr.  Jukes 

Hannover  Langelaube  3S. 


m^'^-  fS 


i 


FIC'  257."— German  presoription. 

As  already  explained,  on  p.  257,  mistura  fusca  is  a  local  synonym  for 
brown  mixture. 

This  is  an  equally  clear  prescription,  written  by  a  northern  practi- 
tioner.    What  is  "01.  Bet.  Alb.?" 

This,  written  by  a  Creole  practitioner  for  a  Creole  patient,  calls  for 
Fowler's  solution,  a  proprietary,  "syrupus  roborans,''  and  the  Solution 
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of  Pepsin,   U.S.P.   1880.     The  French  directions  are  translated  into 
English  below: 

2  cuiller^  a  cafd  dans  un  3^  verre  d'eau  apres  chaque  repas. 
2  teaspoonfuls  in  half  glass  of  water  after  each  meal. 

Figure  255  is  written  by  a  Creole  physician  for  an  American  patient. 
The  ^ench  ingredients  are:  Unguent  de  la  m6re  (Unguentum  Fuscum 
N.F.)  and  huile  d'amande  douce  (oil  of  sweet  almond). 

Budafiist,  IV,  i.,  Kalap-uicza  8.  L  hiu  J. 


•  OC  C^-vT i^^^^-i/C-^^ 


Fig.  268.— Huxkffarian  prworipticiii. 
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Figure  256  is  a  clearly  written  prescription  with  French  directions. 
Liquor  Cinchonsd  Cordifolise  (B)  is  a  special  liquid  extract  of  cinchona 
prepared  by  Battley  and  Co.,  of  England.  The  English  translation 
of  directions  is  given  below:  IFne  petite  cuiller^  toutes  les  3  heures. 
A  teaspoonful  every  3  hours. 

Figure  257  is  written  by  a  physician  of  Germany,  calling  for  six 
powders  (dent.  tal.  dos.),  each  containing  2  centigrammes  of  codeine 
and  a  half  gramme  of  sugar.    The  directions  read: 

Abends  ein  Pulver. 

Evenings  a  powder. 

It  being  characteristic  of  the  German  prescription  that  the  time  of 
adniinistration  is  written  before  the  dose. 

An  interesting  illustration  of  the  convenience  of  the  use  of  Latin 
in  prescriptions  is  shown  when  the  first  and  second  prescriptions  on 
Fig.  257  are  compared.  The  first,  written  in  Latin,  could  be  com- 
pounded by  any  educated  pharmacist  in  any  part  of  the  world.  On 
the  other  hand,  the  second,  written  in  German,  is  apt  to  prove  a  puzzler. 
It  reads:  3  per  cent.  Borwasser,  250  mils. 
That  is,  a  3  per  cent,  aqueous  solution  of  boric  acid  is  desired. 

The  prescriptions  on  Fig.  258  were  written  by  a  German  physician 
residing  in  Buda-Pest,  Hungary,  and  both  can  be  deciphered  by  a  prac- 
tised prescriptionist.  For  this  reason  they  will  not  be  translated  by 
the  writer.  Mention,  however,  might  be  made  of  the  figures  on  the 
right-hand  side  of  the  paper.  In  Germany,  Austria,  and  Hungary,  the 
price  of  every  drug  used  in  prescriptions,  as  well  as  the  cost  of  containers 
and  value  of  time  speftt  in  compounding,  is  carefully  regulated  by  the 
government,  and  the  figures  above  mentioned  represent  the  summing 
up  of  values  from  the  official  schedule.  Figures  259,  260  and  261  are 
typical  prescriptions  written  by  physicians  of  New  York  City. 


CHAPTER  LVIII 
COMPOUNDING  OF  PRESCRIPTIONS 

The  prescription  as  a  document  is  interesting,  but  of  far  greater 
importance  is  it  that  the  pharmacist  knows  how  to  handle  the  pre- 
scription when  it  becomes  his  duty  to  compound  it. 

The  work  of  the  compounder  of  the  prescription  is  manifold.  He 
must  know  how  to  receive  the  prescription  from  and  dispense  the  finished 
preparation  to  the  customer;  he  must  know  how  to  label  the  container 
correctly;  he  must  know  how  to  fill  the  prescription;  he  must  know  how 
to  scan  it  carefully  for  errors;  and,  lastly,  he  must  know  how  to  prepare 
or  put  up  the  medicine  called  for.  To  perform  each  step  properly 
he  must  be  intelligent,  alert,  tactful,  skilful,  careful,  conscientious,  and 
well  informed. 

Receiving  the  Prescription. — As  mentioned  above,  if  the  prescription 
does  not  bear  the  name  of  the  patient,  the  compounder  should  supply 
the  deficiency,  explaining  it  is  a  part  of  the  system  whereby  mistakes 
are  prevented.  Cases  are  on  record  where  fatal  results  have  resulted  from 
giving  a  properly  prepared  prescription  to  the  person  for  whom  it  was  not 
intended.  This  is  most  liable  to  occur  if  two  persons  are  waiting  for 
prescriptions  written  by  the  same  doctor — say  one  for  internal  use; 
the  other  for  a  liniment.  Hence  the  fact  that  the  pharmacist  hands  the 
customer  "Dr.  Blank's  prescription"  is  not  a  suflBicient  safeguard,  since 
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there  may  be  two  of  Dr.  Blank's  prescriptions  being  compounded  at  the 
some  time. 

In  large  stores  the  giving  of  checks  to  the  person  leaving  the  pre- 
scription is  a  safeguard  against  such  mistakes.  A  form  for  such  cheeks 
is  shown  below,  the  one  section  being  given  to  the  customer,  one  attached 
to  the  prescription,  and  the  third  attached  to  the  package  (Fig.  262). 
A  simpler  method  is  giving  the  customer  a  numbered  brass  check  and 
writing  same  number  on  prescription  and  package.  Safest  of  all,  how- 
ever, is  the  securing  of  name  and  address  of  patient. 
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Fig.  250.— Typical  preeeription. 

Dispensing  the  finished  jpreparation  to  the  customer  is  brought  up 
chiefly  to  introduce  the  subject  of  the  relation  of  the  compounder  and 
dispenser;  to  emphasize  the  need  of  that  rare  gift,  i(uA.  This  gift  cannot 
be  acquired  by  reading  books,  and  the  writer  feels  he  can  do  no  more 
than  suggest  the  importance  of  tact  on  the  part  of  the  dispenser  by  citing 
a  few  typical  cases. 

A  woman  comes  into  a  store  asking  for  five  grains  of  calomel  and  five  grains  of 
•alt.  The  pharmacist,  realizinK  that  a  prescription  had  been  written  and  not  i>re- 
sented,  lest  more  should  be  charged  for  the  goods  if  furnished  on  a  prescnption 
than  when  sold  on  verbal  order,  emphasizes  the  possible  formation  of  mercuric  chlo- 
ride in  such  a  mixture,  tactfully  interrogates  until  the  woman  admits  that  a  pre- 
scription was  written,  and  convinces  her  that  this  prescription  must  have  called  for 
calomel  and  9oda^  and  persuades  her  to  bring  the  prescription. 

A  man  comes  in  with  a  printed  prescription  calling  tor  pills  containing  several 
well-known  tonics,  and  also  "jerubebin,  1  grain."  Instead  of  telling  the  man  that 
the  'prescription  is  a  fraud  (a  statement  for  which  the  mind  of  the  dupe  is  prepared 
by  the  skilfully  worded  circular  sent  by  the  * 'philanthropist"  who  furnishes  prescriptioos 
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Fig.  260. — Typical  preaoription. 


Fig.  261. — Tyinoftl  prescription. 
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"free"),  the  pharmacist  quietly  brioge  out  Oruegiste'  Circular  (1884,  p.l3S),  in  which 
"     '       '■  .      ™.     .    timony  ftgorded¥y  thia  disinterested  source  convinces 

I  saved  the  dollar  he  was  to  send  the  donor  of  the  pre- 
le  cannot  b«  obtained  elsewhere." 

A  man  who  once  had  a  prescription  wrongly  com- 
pounded insisted  on  sitting  behind  the  prescription 
counter  watching  the  compounder,  so  as  to  keep 
tab.  To  make  things  still  safer,  he  usually  plied 
the  compounder  with  questions.  The  new  clerk 
was  a  young  man  just  from  college;  the  man,  more 
suspicious  Uian  ever,  was  more  persistent  in  ques- 
tioning. "What's  this  medicine?"  he  inquired, 
pointing  to  the  then  little-known  abbreviation 
antipy."  "Oh,"  said  the  youth,  nonchalantly, 
"that  s  Latin  for  the  new  medicine,  phenyl-dim' 
ethyl-^yrazolon."  Prom  that  day  fortb  the  man 
conaiaered  the  youth  the  smartest  and  most  reliable 
druggist  in  town. 

A  nervous  woman  wants  to  know  what  a  cer- 
tain prescription  she  holds  in  her  hand  is  good  for, 
and  what  are  its  constituents.  The  tactiul  phar- 
macist responds  that  these  are  questions  which  the 
physician  who  wrote  the  prescription  is  alone  per- 
mitted to  answer,  and  expresses  his  willingness  to 
place  the  lad^  in  telephonic  connection  with  the 
doctor.     His  kmdly  offer  is  declined. 


noscmpnoR  check 
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The  only  other  phase  of  dispenstng  to  be 
considered  ia  the  question  of  containers  and 
wrapping  of  the  same.  This  subject  is 
given  consideration  on  pp.  287-290,  so  here 
it  is  only  necessary  to  say  that  the  pbarmar 
cist  who  values  his  prescription  business, 
picks  out  the  best  glassware,  finest  corks, 
and  most  refined  boxes  and  printing. 

Labeling  the  contRiners  is  worUiy  of  a 
special  paragraph,  as  often  the  effect  of  the 
choicest  labels  is  marred  by  blurred  or 
scratchy,  uncouth,  or  overfiourished  writing. 
A  severely  plain,  heavily  shaded  back  hand, 
written  with  the  blackest  ink  and  allowed  to 
dry  without  blottiog,  makes  the  most  attrac- 
tive form  of  label,  but  of  late  type-written 
labels  have  become  quite  popular.  A  strik- 
ingly written  prescription  label  is  given 
below  (Fig.  263).    It  will  be  noted  that  the 
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tU-  203.— Tyiuml  Ubd. 


body  of  this  label  contains  neither  lines  nor  printing;  that  the  filled-io 
part  of  label  is  a  symmetric  whole;  that  the  printing  is  severdy  plain 
and  as  concise  as  possible.    All  the  data  on  the  label  are  essential;  the 
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number,  the  name  of  the  physician,  the  directions,  and  the  date  should 
appear  on  each  label.  In  some  States  the  law  directs  that  the  name  of 
the  compounder  should  be  put  on  the  container,  in  which  event  a 
small  gummed  slip,  "Dispensed  by — ,"  attached  to  the  bottom  of  the 
package  or  bottle  usually  suffices.  It  is  an  excellent  practice  to  have 
labels  intended  for  external  use  printed  on  glazed  red  paper,  this  afford- 
ing a  striking  contrast  to  the  white  paper  label  for  internal  preparations. 
Then,  of  course,  the  pharmacist  should  be  provided  with  slips  bearing 
such  frequently  used  directions  "shake  well;"  "for  external  use,"  etc. 

Filing  Prescriptions. — As  the  prescription  is  more  or  less  of  a  legal 
document,  it  is  important  that  the  pharmacist  carefully  preserves  either 
the  original  or  a  duplicate.  In  this  country  the  original  is  kept  by  the 
pharmacist,  although  the  question  as  to  who  owns  the  prescription — 
the  patient  or  the  pharmacist — has  been  and  still  is  a  matter  of  legal 
controversy.  It  would  be  interesting  if  the  several  conflicting  court 
opinions  on  this  matter  could  be  settled  for  once  and  all  by  a  decision 
from  the  United  States  Supreme  Court.  In  Germany  it  is  the  universal 
custom  to  return  the  prescription  to  the  patient, 
the  pharmacist  keeping  a  carefully  checked  copy. 

The  first  step  toward  preserving  the  pre- 
scription for  future  reference  is  giving  it  a  num- 
ber. These  numbers  run  consecutively  and  are 
written  on  the  prescription  with  date  and  price. 
One  pharmacist  known  to  the  writer  started 
new  numbering  each  year,  marking  the  first 
prescription  compounded  on  January  1st  as 
No.  1,  stringing  all  the  prescriptions  of  one 
year  on  a  long  piece  of  H-iJ*-  brass  wire,  the 
files  of  each  yedr  being  hung  on  a  row  of  nails 
driven  in  the  walls,  each  nail  labeled  for  the  year. 
This  plan  is  not  to  be  commended,  for  whenever  it 
chanced  that  the  date  on  the  label  was  faded,  it 
necessitated  looking  up  the  same  number  on 
possibly  a  dozen  files. 

Many  large  establishments  now  use  consecu- 
tive numbering  machines,  such  as  the  one  shown 
in  the  appended  cut  (Fig.  264).     8uch  machines 

consbt  of  a  stamping  apparatus,  which  auto-  ?«.  364.— Praoripiion  num- 
matically  changes  the  type  of  the  numbers  one  ^""^  m^ebine. 

unit  higher  each  time  an  impression  is  made,  thus 

frecluding  the  possibility  of  giving  two  prescriptions  the  same  number, 
n  the  more  expensive  varieties  the  same  number  can  be  repeated  in 
duplicate  (or  even  triplicate),  thus  enabling  the  compounder  to  number 
the  prescription  and  label  before  the  machine  prc^esses  one  unit  higher. 
However,  the  suggestion  that  the  entire  label  be  written  renders  a  dupli- 
cate numbering  machine  unnecessary. 

Several  ways  of  preserving  prescriptions  are  in  vogue  in  this  country. 
Filing  on  String  or  Wire. — This  method,  outlined  just  above,  is  the 
least  satisfactory  of  all  others.  The  hole  in  the  prescription,  when 
pierced  by  the  wire  (or  by  the  needle,  if  string  is  used),  may  cut  out  a 
part  of  the  wording  most  needed.  The  weight  of  the  pile  of  prescriptions 
bearing  down  and  rubbing  against  a  lead-penciled  prescription  is  apt  to 
blur  it  beyond  recognition,  while  the  long  file  hung  on  the  wall  catches 
dust  and  soon  becomes  filthy. 
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Pasting  in  a  Scrap-hook. — This  method  is  quite  satisfactorj,  although 
the  handling  and  storing  of  big  scrap-books  are  sometimes  inconvenient. 

Writing  a  Copy  in  a  Blank  Book  and  Filing  or  Returning  Originals. — 
This  method,  used  by  all  pharmacists  of  Germany  and  by  a  few  pre- 
scriptionists  of  America,  entails  a  large  amount  of  work  and  is  apt  to 
lead  to  errors  unless  the  copy  is  carefully  checked  against  the  original 
by  a  second  person,  sff  in  proof-reading. 

Wrapping  the  Prescriptions  in  Packages  of  100  and  Packing  Ten 
Consecutive  Hundreds  in  a  Wooden  Box, — This  method  was  used  by 
Dr.  A.  E.  Ebert,  and  there  are  on  the  market  one  or  more  patented 
files  embodying  the  same  idea.  The  prescriptions  are  thus  kept  perfectly 
clean,  but  on  opening  a  package  to  get  the  desired  prescription,  there  is 
danger  of  the  others  being  mislaid  or  blown  away. 

Pastiv^g  to  a  Card  which  is  Filed  in  a  Cabinet, — This  method,  a  result 
of  the  modem  filing  card-cabinet  craze,  is  by  all  means  the  most  satis- 
factory method  of  Sing  the  prescription.    The  best  form  of  card  is  that 
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Fig.  265.— Presoription  filing  eard  (redaoed). 

shown  below  (Fig.  265),  with  marginal  space  on  which  all  data  can  be 
written,  thus  leaving  the  prescription  absolutely  intact. 

In  event  of  success  of  the  present  movement  looking  toward  the 
abolition  of  the  repetition  of  prescriptions  by  the  pharmacist  unless 
80  directed  by  the  physician,  the  question  of  filing  prescriptions  wiD 
become  less  important,  since  in  such  case  the  prescription  wiU  be  referred 
to  less  frequently. 

Scanning  for  Errors. — This  heading  opens  the  important  topic  of 
the  tact  required  by  the  pharmacist  in  dealing  with  the  physician. 

The  pharmacist  must  always  carefully  study  the  prescription  to 
note  possible  errors  as  to  dosage  and  dangers  as  to  incompatibility. 

If  such  errors  are  found,  the  customer  should  be  dismissed  with 
some  excuse  and  with  the  promise  to  ''send  it  around,"  and  the  physician 
approached  as  to  his  real  intention.  This  duty  is  the  most  delicate  that 
falls  to  the  pharmacist.  If  he  telephones  the  doctor  with  the  blunt 
message  ''Haven't  you  made  a  mistake?"  he  is  apt  to  gain  a  life  enemy. 
If,  on  the  other  hand,  he  calls  on  the  ph3nsician,  remarking  sometiiing 
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about  being  uncertain  as  to  the  physician's  intention,  casually  mention- 
ing that  his  construction  of  the  prescription  means  a  pretty  stiff  dose, 
asking  if  drachms  were  meant  instead  of  his  reading  of  ounces,  the 
physician  is  usually  glad  to  take  this  loophole  of  escape  and  will  accept 
the  question  made  by  the  druggist,  inwardly  deciding  that  the  druggist 
possesses  tact  as  well  as  knowledge.  If  diplomacy  fails,  as  it  sometimes 
does  with  a  fool  who  masquerades  as  a  professional  man,  rough-shod 
tactics  should  be  employed,  and  the  druggist  should  then — and  only  then 
— ^tell  the  doctor  that  the  dose  is  excessive,  backing  his  statement  by 
printed  authorities,  such  as  the  dispensatories,  and  declining  to  fill  the 
prescription  unless  the  doctor  repeats  the  quantity,  written  in  words. 

In  all  cases  where  the  doctor  is  in  error  he  is  quite  anxious  that 
the  patient  does  not  learn  of  the  blunder,  and  in  tne  controversy  in 
question  the  pharmacist  should  let  the  doctor  know  that  the  prescrip- 
tion will  be  returned  to  the  patient  with  the  reason  why  it  was  not  dis- 
pensed. Of  course,  in  this  case  the  adage  "be  sure  you're  right,  then  go 
ahead"  must  be  religiously  observed  by  the  druggist. 

Necessarily,  the  druggist  must  do  everything  in  his  power  to  mainr 
tain  the  most  cordial  relations  with  the  physician,  but  this  does  not 
mean  that  he  must  supinely  submit  to  injustice.  A  few  examples  of 
this  phase  of  the  prescriptionist's  experience  may  be  of  service- 

The  "blind  prescription,"  the  prescription  that  can  be  put  up  only 
by  a  few  favored  druggists,  is  a  nuisance  that  can  and  should  be  imme- 
diately stamped  out  by  reporting  the  offenders — the  doctor,  to  the  local 
medical  association;  the  pharmacist,  to  the  local  druggists' association. 

Two  examples  of  such  blind  prescriptions  are  found  on  p.  811,.  in 
the  two  names  for  quinine  sulphate.  The  sjmonym  "sulphatis  Ameri- 
canis  Aiistralis"  was  written  in  good  faith  by  the  physician,  who  desired 
to  keep  the  patient  from  knowing  she  was  taking  quinine,  and  who 
cheerfully  furnished  the  information  to  the  druggist,  while  the  doctor 
who  perpetrated  "sulphat  de  pelletiere"  told  the  patient  the  prescrip- 
tion could  be  prepared  only  by  a  druggist  blocks  away,  and  furnished  the 
information  to  the  neighboring  druggist  only  aft^r  a  sharp  talk. 

A  certain  "Dr.  Jones"  wrote  a  prescription,  "Dr.  Jones'  rheumatic 
mixture,"  telling  the  patient  that  it  could  be  obtained  at  a  certain  re- 
motely situated  drug  store.  The  druggist  to  whom  it  was  presented 
called  on  the  doctor  and  pleasantly  asked  to  be  favored  with  the  recipe. 
It  was  forthwith  furnished  with  abundant  explanations. 

Compounding  the  Prescriptions. — The  preparing  of  each  prescrip- 
tion is  a  law  to  itself,  the  blending  of  the  ingredients  called  for  depending 
entirely  on  the  individual  peculiarities  of  the  medicines  so  blended. 
In  the  foregoing  pages  of  this  book  information  has  been  given  of  most 
substances  used  in  American  medicine,  as  well  as  the  methods  of  com- 
pounding various  classes  of  preparations.  If  this  information  has  been 
absorbed,  the  compounding  of  prescriptions  becomes  simple — merely 
the  application  of  principles  already  learned.  At  this  place,  therefore, 
we  need  only  discuss  the  technical  phases  of  compounding  as  it  peculiarly 
applies  to  the  prescriptions,  and  also  the  question  of  incompatibility. 

Spedal  Technic  of  Prescription  Compounding. — ^As  just  mentioned, 
the  routine  compounding  of  a  prescription  calling  for  pills  is  similar  to 
the  directions  given  for  the  manufacture  of  pills  on  p.  303;  for  emulsions, 
as  explained  on  p.  260;  and  for  all  other  preparations,  as  outlined  in  the 
proper  place  on  the  foregoing  pages.  This  done,  the  compounder  should 
always  verify  his  results  by  the  so-called  ''checking  system;^'  that  is,  after 
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the  prescription  is  compounded,  the  finished  preparation  and  the  written 
prescription  are  handed  to  the  second  person,  while  the  compounder 
repeats  the  prescription,  laying  special  emphasis  on  the  quantity  of  each 
ingredient.  This  checking  system  should  be  used  in  every  pharmacy, 
no  matter  how  small.  If  there  is  but  one  skilled  compounder  in  the  store, 
he  should  train  the  boy  to  check  for  him,  and  if  the  compounder  is  by 
himself,  he  should  check  his  own  work  by  placing  each  bottle  containing 
the  medicine  used  in  a  row  on  the  counter,  with  the  weight  employed 
immediately  in  front  of  the  bottle.  This  precaution  might  be  criticized 
as  meaning  an  outlay  for  extra  weights,  but  this  expenditure  is  more  than 
compensated  for  by  the  security  coming  from  the  plan. 

In  Case  of  Error. — Perhaps  this  title  seems  superfluous,  since,  of 
course,  no  errors  should  occur,  but  the  writer  agrees  with  an  experienced 
pharmacist  who  said  that  whenever  he  heard  of  a  druggist's  mistake 
he  simply  thanked  God  that  he  was  not  the  offender.  Mistakes 
are  liable  to  occur  to  all,  hence  the  compounder  should  guard  continu- 
ally against  errors,  for  even  one  of  these  may  blast  the  pharmaceutic 
reputation  of  a  life-time. 

The  handling  of  an  error  calls  for  the  highest  possible  tact,  hence 
no  fixed  and  fast  rules  can  be  given,  except  the  general  statement  that 
an  attempt  to  explain  by  lying  usually  makes  matters  worse.  Of  course, 
whenever  possible,  the  error  should  be  repaired  without  exciting  the 
suspicion  of  the  customer,  such  as  intercepting  the  messenger  or  request- 
ing return  of  medicine,  but  at  all  hazards  the  damage  must  be  repaired 
even  if  it  is  necessary  to  call  the  prescribing  physician  to  your  aid.  This 
last  step,  disastrous  as  it  is  to  the  pharmacist,  should  be  taken  only  in 

extreme  cases. 

INCOMPATIBILrnES 

The  word  ''incompatibility"  means  "lack  of  agreement,"  and  when 
the  several  ingredients  in  a  prescription  do  not  agree,  such  mixture  is  said 
to  be  incompatible.  Prescription  incompatibility  is  grouped  into  three 
classes,  according  to  the  nature  of  the  disagreement;  pharmaceviic  (or 
physical)  incompatibility;  chemical  incompatibility,  and  {herapevUc 
incompatibility.     These  we  will  consider  in  regular  order. 

Pharmaceutic  incompatibility  is  that  form  of  disagreement  depending 
chiefly  on  the  question  of  relative  solubility.  Thus  a  solution  of  resinous 
substance,  say,  tincture  of  ginger,  will  become  turbid  on  addition  of 
water,  not  because  of  any  chemical  change,  but  because  the  resin,  while 
soluble  in  alcohol,  is  not  soluble  in  alcohol  diluted  with  water.  Likewise, 
a  gum  in  aqueous  solution — like  mucilage  of  acacia — will  be  precipitated 
on  addition  of  a  strongly  alcoholic  tincture,  simply  because  the  gum  is 
insoluble  in  diluted  alcohol.  A  third  typical  case  of  pharmaceutic 
incompatibility  that  might  be  cited  is  the  classic  prescription  calling 
for  quinine,  sulphuric  acid,  and  a  licorice  preparation  (p.  811).  The 
reason  for  giving  this  case  special  emphasis  is  because,  at  first  glance, 
it  seems  a  case  of  chemical  incompatibility,  since  it  deals  with  the 
active  principle  of  licorice,  glycyrrhizin.  But  since  it  is  based  entirely 
upon  the  solubility  of  glyc3rrrhizin  in  acid,  and  not  with  the  chemical 
decomposition  of  the  glycyrrhizin,  it  is  an  example  of  pharmaceutic 
incompatibility. 

Among  pharmaceutic  incompatibilities,  for  the  want  of  a  better 
place,  we  group  such  prescription  experiences  as  the  dispensing  of  deli* 
quescent  salts,  the  compounding  of  pill  prescriptions  calling  for  excess 
of  liquid,  and  those  cases  where  not  enough  solvent  is  directed. 
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Chemical  incompatibility  is  that  form  of  disagreement  where  a  chem- 
ical change  occurs  when  two  or  more  substances  are  blended.  Some- 
times the  chemical  change  improves  the  product,  and  such  cases  are  not 
considered  as  incompatibilities.  An  example  of  this  is  the  well-known 
prescription  calling  for  mercuric  chloride  and  potassium  iodide  (p.  557), 
when  a  soluble  potassio-mercuric  iodide  is  formed.  Such  cases  are  rare, 
however,  being  limited  to  the  formation  of  hydroxides  from  oxides,  the 
neutralization  of  a  base  by  an  acid,  and  a  few  special  reactions  such  as 
the  saponification  of  an  oil  by  addition  of  alkali. 

In  the  modern  conception  of  solution  it  is  considered  that  chemical 
action  usually  conforms  with  the  following  rule: 

A  chemical  reaction  occurs  between  two  soluble  bodies  only  when 
one  or  more  products  of  such  a  reaction  is  either  insoluble  or  gaseous. 
Always  apply  the  above  rule.  Thus,  if  NaCl  and  KBr  be  mixed,  will 
there  be  a  reaction?  What  would  be  the  products  of  such  a  reaction? 
Naught  but  KCl  and  NaBr — both  soluble  bodies — hence  no  reaction 
occiurs.  On  the  other  hand,  if  we  added  a  solution  of  NaCl  to  a  solution 
of  AgNOs,  a  reaction  would  occur  because  one  of  the  possible  reaction 
products — AgCl — ^is  insoluble. 

Hence  the  whole  question  hinges  on  the  solubility  of  the  reaction 
products,  and  the  table  of  solubilities,  given  on  p.  120,  will  be  of  great 
value  in  considering  this  question. 

Among  the  more  important  cases  of  precipitation  (hence  of  incom- 
patibility) are  the  following: 

1.  The  formation  of  an  insohible  salt,  as  in  the  case  just  cited. 

If  Part  V,  dealing  with  chemical  analysis,  has  been  carefully  studied,  the  most 
lik^y  forms  of  such  precipitation  will  have  been  learned,  thus:  (a)  The  alkaline 
metals,  lithium,  sodium,  potassium,  and  ammonium,  are  hardly  likely  to  be  precipi- 
tated by  any  chemical  (p.  407). 

Exception:  Potassium  salts  plus  tartaric  acid  may  precipitate  potassium 
bitartrate. 

(6)  The  alkaline  earths — ^barium,  strontium,  calcium,  and  magnesium — will 
be  precipitated  on  addition  of  carbonates  and  phosphates. 

(c)  The  third,  fourth,  fifth,  and  sixth  groups  of  metals  will  be  precipitated  by 
the  carbonates,  phosphates,  hydroxides,  and  sulphides. 

This  statement  must  be  taken  in  a  general  way.  Thus,  with  several  of  the 
metals,  the  precipitated  hydroxide  is  redissolved  bv  excess  of  alkaline  hydroxide, 
and,  in  truth,  arsenic  is  not  precipitated  by  hydroxide. 

(d)  The  seventh  groui)  of  metals — silver,  lead,  and  mercuric  salts — will  be  pre- 
cipitated by  all  the  foregoing,  and  also  b^r  chlorides  and  sulphates. 

Besides  these  general  nQes,  the  spiecial  precipitants  explained  as  tests  in  Part 
V.  will,  of  course,  act  as  incompatibilities. 

2.  Formaiion  of  special  insoluble  organic  salts,  such  as  tannate  of 
iron  (ink),  when  tannin-bearing  drugs  are  combined  with  iron  salts; 
meconate  of  lead,  when  opium  preparations  are  combined  with  lead 
solutions;  and  the  production  of  the  insoluble  blood-red  iron  salicylate 
when  iron  preparations  are  combined  with  salicylates. 

3.  Precipitation  of  alkaloids  by  alkaUndal  reagents  (p.  797).  Exam- 
ple of  this  is  the  precipitation  of  the  cinchona  alkaloids  when  prepara- 
tions of  this  drug  are  combined  with  potassium  iodide  and  mercuric 
chloride. 

4.  Formaiion  of  insoluble  bodies  when  synthetic  organic  chemicals  are 
combined  tvith  certain  reagents.  An  example  of  this  is  the  formation  of 
green  crystals  when  antipyrine  is  treated  with  spirit  of  nitrous  ether  that 
has  become  acid. 
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5.  Formation  of  insoluble  bodies  when  certain  organic  chemicals  are 
decomposed  by  certain  reagents,  such  as  the  decomposition  of  chloral, 
by  action  of  alkali,  into  chloroform  (p.  600). 

To  give  extended  examples  of  these  incompatibilities,  beyond  the 
outline  given  above  and  the  mention  made  of  these  individual  pecu- 
liarities in  discussion  of  the  chemicals  in  Parts  III  and  IV,  would ^  take 
too  much  space,  hence  for  complete  enumeration  of  incompatibilities 
the  reader  is  referred  to  Ruddiman's  admirable  work  on  '^  Incompati- 
bilities," mentioned  in  Preface. 

Incompatibilities  due  to  liberation  of  gases  may  be  summed  up  as 
explosive  prescriptions,  combinations  where  carbon  dioxide  is  evolved 
with  that  mild  form  of  explosion  called  effervescence;  and  those  few 
cases  where  gaseous  anunonia  may  be  liberated  from  ammonium  salts. 

Explosive  prescriptions  must  be  known  in  advance  by  the  compounder, 
as  otherwise  an  explosion  may  occur,  producing  dangerous  results. 
As  already  explained  (p.  427)  explosions  are  produced  by  a  sudden  evolu- 
tion of  gases,  and  all  substances  liable  to  produce  such  gaseous  evolution 
on  trituration  must  be  handled  with  the  utmost  caution.  Already  in 
Parts  III  and  IV  we  have  learned  most  possibilities  of  this  kind,  so 
here  a  sketchy  summary  will  suffice: 

(a)  All  oxidizing  agents^  such  as  potassium  chlorate,  chromic  acid, 
potassium  permanganate,  silver  oxide,  hydrogen  dioxide,  and  nitric 
acid,  are  liable  to  explode  when  combined  with  organic  matter,  and  such 
oxidizable  inorganic  matter  as  sulphur  or  charcoal. 

(6)  Hypophosphites  are  liable  to  explode  when  heated  above  100**C., 
or  when  combined  with  any  substance  (such  as  nitrates  and  other  oxidiz- 
ing agents)  liable  to  produce  phosphine  (PH3). 

(c)  A  modification  of  "a"  is  the  fact  that  strong  nitric  acid  and  its 
preparations  effervesce  with  drug  preparations  containing  tannin  and 
with  oil  of  turpentine,  sometimes  with  explosive  violence. 

(d)  Iodine  is  liable  to  explode  when  treated  with  ammonia  or  with 
oil  of  turpentine. 

Effervescent  Prescriptions. — When  any  acid  combines  with  a  carbon- 
ate, carbon  dioxide  is  evolved  with  an  eflferveqcence  which  is  harmless 
if  allowed  to  proceed  in  an  open  dish.  If  the  ingredients  are  mixed  in  a 
bottle  which  is  immediately  corked,  the  force  of  the  compressed  gas  is 
enough  to  blow  out  the  cork  or  possibly  shatter  the  bottle.  Hence, 
as  already  mentioned  on  p.  452,  such  mixture  should  be  prepared  in  grad- 
uate or  mortar,  and  the  liquid  poured  into  the  bottle  with  only  a  ^ght 
''bead."  Aside  from  a  clearly  discernible  combination  of  carbonate 
and  acid,  look  out  for  prescriptions  calling  for  carbonates  and  those 
pharmaceuticals  containing  acetic  acid,  such  as  syrup  of  squill. 

Combinations  Ldberating  Ammonia. — Such  prescriptions  are  rare, 
being  practically  confined  to  combinations  of  ammonium  chloride  and 
lime  or  of  solution  of  ammonium  salts  with  solution  of  soda  and  solution 
of  potassa. 

Therapeutic  incompatibility  is  that  form  of  disagreement  where  the 
doctor  prescribes  two  medicines  that  are  therapeutically  antagonistic. 
Examples  of  this,  are  the  blending  of  a  stimulant  with  a  sedative,  of  a 
mydriatic,  like  belladonna,  with  a  miotic,  like  physostigma;  of  pepsin 
with  alkali,  and  of  pancreatin  with  acids.  The  combining  of  pepsin 
and  pancreatin  is  also  condemned  by  the  best  medical  authorities. 

The  question  of  therapeutic  incompatibility  is  entirely  beyond  the 
province  of  the  pharmacist,  the  writer's  experience  being  that  the  doctor, 
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no  matter  how  friendly,  resents  suggestions  from  the  druggist  along  this 
line. 

Handling  Incompattble  Prescriptions. — The  question  of  the  com- 
pounding and  dispensing  of  incompatible  prescriptions  can  best  be 
considered  in  discussion  of  each  of  the  several  examples  of  incompatible 
prescriptions  given  on  the  pages  which  follow. 

Discussing  the  subject  in  a  general  way,  it  can  be  said  that  the  ques- 
tion— both  as  to  compounding  and  dispensing — ^is  a  matter  of  good 
judgment. 

Every  pharmacist  should  know  an  explosive  prescription  at  sight, 
should  know  those  which  should  not  be  combined  under  any  circum- 
stances (such  as  chromic  acid  and  glycerin),  and  those  which  can  be 
mixed  if  proper  precautions  are  taken  (such  as  mixing  nitric  acid  and  oil 
of  turpentine).  Explosive  prescriptions  are  a  menace  to  the  com- 
pounder rather  than  to  the  customer,  hence  self-interest  behooves 
complete  knowledge  of  this  class  of  prescriptions. 

In  other  forms  of  incompatibility  the  pharmacist  is  confronted  with 
two  important  questions:  1.  "Is  the  prescription  safe  to  dispense?" 
2.  "How  can  it  he  least  objectionally  compended?" 

As  to  dispensing,  there  are  frequently  cases  of  intentional  incom- 
paJtibility — cases  where  the  doctor  really  desires  an  unsightly  mixture, 
because  of  its  therapeutic  virtue.  We  all  know  that  the  official  chalk 
mixture  is  of  value  because  of  the  insoluble  chalk  it  contains;  even  so 
the  prescription  calling  for  zinc  sulphate  and  lead  acetate  must  be  dis- 
pensed containing  the  precipitate  of  lead  sulphate,  since  that  consti- 
tutes a  large  part  of  the  healing  effect  of  the  mixture. 

On  the  other  hand,  prescriptions  in  which  potent  medicines  are  pro- 
duced in  insoluble  form,  such  as  those  prescriptions  in  which  powerful 
alkaloids  are  precipitated,  should  be  viewed  with  suspicion  by  the  com- 
pounder, and  while  it  is  often  an  exceedingly  delicate  matter  to  approach 
the  physician  on  the  subject,  it  is  usually  best  to  let  the  doctor  know, 
either  at  the  time  or  later,  the  possibility  of  danger.  No  pharmacist 
of  tact  or  good  sense  will  bluntly  announce  to  the  customer  that  he  will 
not  compoimd  such  a  prescription,  but  will  always  consult  the  physician. 
In  all  cases  where  this  kind  of  prescription  is  dispensed,  a  "shake  well" 
label  must  be  put  on  the  bottle. 

Of  course,  there  are  prescriptions  of  this  kind  which  must  not  be 
dispensed,  such  as  the  mixture  of  chloral  hydrate  and  an  alkali  cited 
above,  and  in  the  list  of  prescriptions  which  follow  mention  is  made  of 
those  which  are  unsafe  to  dispense. 

A  last  word  on  consulting  the  physician  about  dangerous  incom- 
patibility as  well  as  dangerous  doses.  Always  approach  him  armed  with 
accepted  authority.  On  dosage,  the  two  dispensatories  can  be  cited, 
while  on  incompatibilities,  Ruddiman's  book  is  the  best  guide. 

The  question  as  to  the  best  way  of  compounding  an  incompatible 
prescription  depends  on  the  individual  prescription,  and  in  the  line 
of  incompatible  prescriptions  which  follow,  the  best  way  of  compounding 
is  usually  given.  In  a  general  way  it  might  be  stated  that  when  the 
two  substances  likely  to  react  are  diluted  as  much  as  possible  before 
mixing,  the  chances  of  incompatibility  are  lessened,  as  was  discussed 
on  p.  373. 

Another  important  question  of  compounding  is,  "  When  is  the  phar- 
macist justified  in  changing  a  prescription?"  The  answer  is  that  a 
change  is  justified  only  when  such  change  improves  the  prescription 
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without  affecting  its  medicinal  action.    A  few  examples  may  be  cited: 

(a)  A  prescription  calling  for  a  certain  alcoholic  tincture  mixed  with 
gummy  substances  may  precipitate  the  gum.  If  the  equivalent  amount 
of  the  fluidextract  is  used,  the  precipitation  may  be  avoided. 

(a)  An  aromatic  water,  when  used  to  dissolve  a  salt  like  potassium 
iodide,  has  some  of  its  oil  separate,  and  cloudy  mixture  results.  If 
the  salt  is  dissolved  in  the  smallest  quantity  of  water  and  then  mixed 
with  the  aromatic  water,  no  oil  will  separate. 

(d)  A  prescription  called  for  phenol  mixed  with  an  amount  of  water 
insufficient  to  dissolve  it.  If  a  part  of  the  water — say  one-eighth  or 
one-quarter — be  replaced  by  glycerin,  a  perfect  solution  ensues. 

(d)  Pills  calling  for  ferrous  sulphate.  U.S.P.,  or  other  crystalline  salts 
are  found  to  yield  a  mass  that  is  too  soft.  By  use  of  the  proportional 
quantity  of  exsiccated  salt  the  mass  can  be  easily  made.  Most  of  these 
or  similar  cases  are  given  among  the  prescriptions  cited  on  the  pages 
which  follow,  so  this  short  summary  suffices  at  this  place. 

Inadvisablei  s  it,  however,  to  make  a  construction  like  that  cited  on 
p.  955,^  that  an  unsightly  prescription  cidling  for  ''magnesia"  can  be 
made  sightly  by  using  soluble  magnesium  sulphate. 

In  conclusion  let  it  be  said  that  when  a  change  is  made,  it  is  always 
best  to  let  the  ph3rsician  know,  explaining  why  the  change  was  made. 

ONE.HUm>RED  INCOHPATIBLE.  DANGEROUS  OR  UNUSUAL  PRESCRIPnONS 

Below  are  printed  100  prescriptions  that  are  sufficiently  out  of  the 
ordinary  to  justify  careful  attention  by  the  student.  In  order  to  afford 
students  practice,  the  criticisms  are  not  given  along  with  each  prescrip- 
tion, but  are  found  on  pp.  959  to  964. 

1.  H.     Tinct.  iodi 3ij 

Liniment,  ammonise iiv. 

M.     Ft.  lint. 

• 

2.  I^.     Spiritus  setheris  nitrosi Sss 

fluidext.  uvae  ursi Siw- 

M.     Sig. — Teaspoonful  every  four  hours. 

3.  I^     Acidi  chromici gr.  x 

Glycerini Ssb. 

4.  IJ.     Olei  terebinthinee 5iv 

Acidi  nitrici 3iv. 

5.  I^.     Argenti  oxidi gr.  v. 

M.     Ft.  pilulse  No.  xx. 

6.  I>.     Zinci  oxidi 3ii 

Zinci  carb.  prsec 3  J 

Petrolati 3w 

Liq.  calcis ad  8iv. 

7.  H.     Quin.  sulphatis gr.  x 

Potass,  acetatis gr.  xx 

Acidi  sulphurici gtt.  x 

Aquffi q.s,  ad  sij. 

8.  I^.     TincturjB  cinchonse Jiss 

TinctursB  guaiaci Sss 

Mucilaginis  acacise Siss. 

9.  Q.     Ammonii  carbonatis gr.  xxiv 

Ferri  et  ammon.  cit 3i 

Glycerini 8  w 

Aquffi ad  Jviij. 


y 
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10.  I^.     Copaibs 3j 

Acid,  sulph.  arom 388 

Inf.  POMB q.8.  ad  Jiij- 

11.  I^     Morphins  sulphatis gj.  ij 

Spt,  seth.  nit Sss 

Aquse ad  Svj* 

12.  I^     Hydrarg.  chlor.  corrosivi gr.  j 

Sodii  boratis gr.  v 

Aqua  destillats 3iv. 

13.  I^     Potass,  cyanidi gr.  j 

Acidi  citrici gr.  v 

Syrupi  pnini  vire 5iv- 

M.     DessertspoonniL 

14.  I^     Ammonii  chloridi 3J 

Calcis 3iij 

Aqiue Sij. 

15.  ^.     Potass,  brom 3}] 

Chloralis 3i 

Spta.  ammon.  arom $88 

Syrupi  aurant.  cort SU 

Aqus ad  iiv, 

16.  ^.     Tinctune  iodi, 

CoUodii,  fift  S88. 

Aqus  ammonise.  j 
M.     Ft  sol. 

17.  9.     Bismuthi  et  ammon.  cit gr. 

Liquor  pepsini 8] 

EHix.  et  aqu» &ft  ad  Siv- 

18.  ^.     Copaibae Jiv 

Olei  cubeb«e gtt, 

Calcis gr. 


19.  ^.     Pilulie  colocynthidis  comp gr.  xx 

Hydrargyri  chior.  mit gr.  vj 

Tinct.  capsici gtt,  xx. 

20.  I(.     Vini  ipecacuanha gtt.  xx 

Magnesii  sulphatis gr.  xx 

Sodii  bicarbonatis 3  j 

Aqu» 8j. 

21.  IJ.     Argenti  nitratis gr.  v 

Micse  panis gr.  xx. 

M.     Ft.  pHulse  No.  xx. 

22.  ^.     Potass,  bromidi 3 vj 

Aquie  camphors 5vj. 

M. 

• 

23.  Q.     Tincturse  nucis  vomicse S88 

Tlncturs  cinchonse  comp 8ii88. 

24.  ^.     Syrupi  ferri  iodidi 5i 

Potassii  iodidi 5j 

Potassii  carbonatis 3i 

Sjrrupi  tolutani Sss 

Aque Sij 

25.  9.     Quininie  bisulphatis 388 

Mistune  Bashami Sij- 

20.  9.     Potassii  bromidi 3iv 

Aqu»  menthse  piperitae S^^j 
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27.  Q.     Potassii  bicarbonatis 5j 

Tinctiira  guaiaci  ammoniatie 5ij 

Mucilaginifl  acacis 5ij 

QuininsB  sulphatis ^.  viij 

Acidi  sulphuric,  arom Siv 

Aquffi ad  Siv. 

28.  I^.     Tincturffi  guaiaci  ammoniatsB Sij 

Spiritus  sBtheris  nitrosi ias 

AqusB  cinnamomi. ad  i'lv. 

M. 

29.  Q.     AsafetidsB gr.  xv 

Pulveris  camphor® gr.  x 

Terebinthinse  alb» gr.  vj 

Olei  menth.  pip gtt.  iv. 

M.     Pt.  pil.  No.  X. 

30.  9.     CinchoninsB  sulphatis 5iij 

Acidi  nitrici gtt.  x 

Aquae 5iv. 

M. 

31.  I>.     Croton  chloralis 3iv 

Alcoholis  q.8.  ft.  sol. 

Mucilaginis  acaciss SiJ- 

32.  I^.     Fluidext.  hamamelidis SiJ 

Fluidext.  hydrastis Siv- 

M. 

33.  9.     Hydrar^^  chloridi  corrosivi gr.  ^ 

Str^chnmsB  sulphatis gr.  j 

Qumins  sulphatis 3  j 

liquor  acidi  arsenosi 3  J 

Tinctur® ferri  chloridi 3ii 

Mistur»  fern  et  ammon.  acet ad  Si^* 

34.  IJ.     Tincturs  myrrhse 3ij . 

Morphinse  acetatis gr.  j 

Acidi  tannici Zbs 

Syrupi  Zingiberis 5 J- 

M.    Ft.  sol. 

36.  H.     Hydrargyri  bichloridi gr.  j 

Liq.  potass,  arsenitis gtt.  xlviij 

SvTUpi  ferri  iodidi 3  vj 

Eaixir  cinchonse ad  S^ij. 

36.  IJ.     CocainiB  hydrochlor gr.  ij 

Sodii  boratis gr.  x 

Aquse 3  j 

M.     Ft.  sol. 

Sig. — Apply  to  eye. 

37.  9.     Hydrar^.  bichlorid gr.  j 

Potassii  iodidi 3ii} . 

Tinctune  cinchons  comp S  viij. 

M.     Pt.  sol. 

Sig. — ^Teaspoonful  thrice  daily. 

38.  9.     Ammonii  muriatis 3  J 

Potassii  iodidi Sss 

Tincture  opii  camph Sss 

Syrupi  pruni  virg Jij 

Syrupi  tolutani 8ij 

Aqu» q.8.  ad  Jvj- 

30.  9.     Fluidext.  nucis  vomics 111x1 

Fluidext.  digitalis 3i88 

Tinctune  strophanthi Ssjs 

Potassii  nitratis 3iiM 

Elixir  gentians  et  ferri ad  S^j* 
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40.  Q.     Argenti  nitratis S^-  H 

Bismuthi  subnitratis gr.  ij 

£2xt.  belladonnse  fol. ., gr.  ^{2* 

Dent,  tales  dos.  No.  x. 

41.  Q.     Quinins  bisulphatis 3j 

Sodii  hyposulphitis Suss 

Glycerin! S  j 

Aquae  cinnamomi ad  ^iv. 

M. 

Sig. — Shake  and  take  a  teaspoonful  one  hour  before  meals,  in  water. 

42.  Q.     Potassii  iodidi  1  &&  ^ss 

Liquor  potassii  arsenitis     / ^    ' 

43.  I(.     Potassii  citratis 5iij 

Potassii  bicarbonatis 5iij 

Tincturse  belladonnse Siiss 

Aquffi  men  the  piperitse q.s.  ad  Sviij. 

44.  I(.     Ferrous  sulphate. : 5  grains 

Magnesia 10  grains 

Peppermint  water 11  nuidrachms 

Spirit  of  nutmeg 1  fluidrachm. 

Mix.    Of  such  dose,  make  1  pint. 

Directions.— One  t^poonfuf  twice  a  day. 

45.  Q.     Potassium  bicarbonate 3  drachms 

Potassium  citrate 1  ounce 

Tincture  hvoscyamus 3  fluidrachms 

Syrup  of  Tolu q.s.  to  make  3  fluidounces. 

Directions. — ^Teaspoonful  every  two  hours. 

46.  I^.     Sodium  phosphate 2)^  ounces 

Sodium  bromide J^  ounce. 

Directions. — Teaspoonful  four  times  a  day  in  water. 

47.  I^.     Mercuric  chloride q.s. 

Petrolatum 2  drachms. 

One  in  ten  thousand. 

48.  Q.     Salic^rlic  acid 2  drachms 

Solution  of  ammonium  acetate 2  fluidounces 

Spirit  of  nitrous  ether ^  fluidounce. 

Syrup ii  fluidounce. 

Directions. — Two  teaspoonfuls  every  three  hours  until  relieved. 

49.  Q.     Morphine  sulphate 3  grains 

Potassium  cyanide 4  grains 

Aromatic  sulphuric  acid 2^  drachms. 

Syrup  of  wild  cherrv q.s.  ad  4  fluidounces. 

Direction. — Teaspoonful  three  times  a  day. 

50.  I).     Greosotal IH  fluidrachms. 

Basham's  mixture 4  fluidounces. 

Directions. — Two  teaspoonfuls  after  each  meal. 

51.  !^.     Tincture  of  chloride  of  iron 1  fluidounce 

Diluted  phosphoric  acid 2  fluidounces 

Glycerin 2  fluidounces 

100  per  cent,  solution  of  sodium  phosphate 

q.s 8  fluidounces 

Directions. — ^Teaspoonful  in  a  half-glass  of  water  after  each  meal. 

52.  "S^.     Iron  p3rrophosphate 2  drachms 

Diluted  phosphoric  acid 3  fluidrachms 

Syrup q.8.  ad  3  fluidoimces. 

Directions. — Teaspoonful  in  water  an  hour  after  meals. 

53.  9.     Hyoscine  hydrobromate 2  grains. 

Make  21  pills. 

Directions. — One  after  each  meal. 
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54.  I).     Tincturae  krameri® Sij 

Tinctune  opii 5iv 

Aqxxsd  camphorse 3  iM 

Aqu8B  months  piperits 3  i 

55.  I^.     Calc.  hypophosphitis 3iv 

Liquor  potassii  arsenitis 3  j 

Tinctura  ferri  chloridl 3j  . 

Strychninse  sulphatis gr.  j 

Acidi  phosphonci  dil 3  j 

Aqus ad  Jiv. 

56.  Q.     Ferri  et  quininse  citratis. 3iv 

Tincturse  valerians  ammoniate 3^j. 

Aqus q.fi.  Jxij. 

57.  Q.     Potassii  bicarbonatis Sj 

Potassii  salicylatis S  j 

Spiritus  chloroformi 8j 

Aqus q.s.  ad  S viij. 

58.  H.     Tincturs  opii Sss 

Liq.  plumb,  subacet.  dil q.8.  ad  Oj. 

59.  H.     Hydrargjrri  chloridi  corros JP*-  .U 

Liq.  calcis S^ij. 

60.  I^.     Quinins  sulphatis gr.  xxx 

Tincturs  ferri  chloridi OJ 

Syrupi  et  aqus &&  Sj- 

61.  1^,     Quinins  hydrochloratis 3.0 

Antipyrine 2.0 

Aqus  destillats 5.0 

62.  ^,     Hydrar^.  chlor.  mitis gr.  xx 

Antipyrme gr.  xl. 

M.     Ft.  pulv.  No.  XX. 

63.  I^.     Liquor  potassii  arsenitis 

Liquor  strychnis  (B.P.) ft&  Sss. 

Misce. 

64.  ^,     Potassium  iodide 2  drachms 

Tincture  of  ferric  chloride 3  fluidrachniB 

Infusion  of  quassia,  enough  to  make 6  fluidounces. 

65.  I^.     Potassium  chlorate 2  drachms 

Di^alen  (Cloetta). 

Spirit  of  nitrous  ether. 

Cfompoimd  tincture  of  cardamon  of  each. . .  2  fluidrachms 

Water,  enough  to  make 6  fluidounces. 

66.  ^.     Syrup  of  chloral 1  fiuidounce 

Heavy  magnesia 1  drachm. 

Wine  of  ipecac 1  fiuidrachm 

Tincture  of  belladonna 1  fiuidrachm. 

Water,  enough  to  make 6  fluidounces. 

67.  I(.     Precipitated  sulphur 1  drachm 

Prepared  calamine 4  drachma 

Zinc  oxide 4  drachms 

Glycerin 1  fluidounce 

Water,  enough  to  make 4  fluidouiice& 

68.  Q.     Phenalgine 4  grains 

Acetyl  salicylic  acid 8  grains 

Exalgine 1  grain 

Caffeine 2  grains. 

Of  such  doses,  6,  dispensed  in  papers. 

69.  "S^.     Sodium  cinnamatc 0.10 

Stovaine 0.10 

Water 10.00. 

Make  a  solution. 
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70.  ^.     Balsam  of  Peru 4  drachms 

Sulphur 1  ounce 

Salicylic  acid 6  drachms 

White  petrolatum 6  ounces. 

Make  an  ointment. 

71.  ^.     Natri.  bicarb 3ii 

Kali  bicarb 3iv 

Mafg^es.  sulph 3xii 

Aquse 5 vi. 

72.  IJ.     Syr.  scillffi 5iv 

Syr.  ipecac. 3ii 

Spt.  8Bth.  nit 3iii 

Spr.  pnini  virg Sii- 

73.  H,     Ext.  belladonnas gr.  i 

Pulv.  camphor 3i 

Acetanilidi 3i 

Saiolis 3i 

Strych.  sulph gr.  Jf  o- 

M.    Fiant  caps.  No.  x. 

74.  I^.     Potass,  chlorat. 

Sodii.  h3rpoBulphit fiS  3i 

Ol.  KaultherisB gtt.    xii. 

M.     Fiant  pulv.  No.  xii. 

75.  IJ.     Phenolphthalein gr.  xv 

Betanaphthol Siss 

Salol 3ii 

Menthol gr.  xx. 

Mix  and  divide  in  20  Konseals. 

76.  H.     Plumbi  acet gr.  xxx 

Acid.  acet.  dil 3ii 

Syr.  tolutan 3iv 

Syr.  limonis i'taa 

Aq.  cinnamon,  ad 5 vi 

Misce. 

77.  ^,     Atropine  sulph gr  i 

Stiychnin,  hydrochlor gr  ii. 

Acid,  salicylic gr.  iii 

Sodii  biborat gr.  ii 

Aqiue  destillat,  ad Sias. 

Misce. 

78.  ^.     Potass,  chlorat gr.  xj 

Calcii  chloridi 3i 

Acid,  sulphurosi 3ii 

Aq.  chlorof .,  ad Jiii. 

Misce. 

79.  ^.     Anmionium  carbonate 2  drachms 

Potassium  iodide 1  drachm 

Spirit  of  ether 2  fluidrachms 

Cnloroform  water,  enough  to  make 6  fluidounces. 

80.  ^.     Tincture  of  ferric  chloride 4  fluidrachms 

Hexamethylenamine 2  drachms 

Water  enough  to  make 6  fluidounces. 

Make  a  solution. 

81.  Q.     Potassium  iodide 2  drachms 

Diluted  hydrobromic  acid 4  fluidrachms 

Chloroform  water  enough  to  make 6  fluidounces. 

Make  a  solution. 

82.  Q.     Potassium  iodide 3  drachms 

Potassiiun  bromide 2  drachms 

Sodium  sulphate 1  ounce 

Spirit  of  nitrous  ether 4  fluidrachms 

Infusion  of  buchu.  enough  to  make 6  fluidounces. 
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83.  IJ.     Acid  gallic 3i 

Ext.  ergot,  liq 3u 

Acid,  tannic Sij 

Tinct.  ferri  perch 3i 

Mag.  Bulph 5iij 

Aq ad  Jxij, 

Sig.— 5i.  0.4h. 

84.  I^.     Potass,  bromid 5iij 

Sod.  salicyl 5iij 

Cafif.  citrat grs.  xl 

Aq.  3est ad  Svj. 

Sss.  0.4  h. 

85.  9.     Acid,  hydroch.  diL TYt  xx 

Tinct.  nuc.  vom Til  v 

Sp.  »th.  nit TTl  XX 

Sp.  ammon.  arom TTl  x 

Potass,  iodid grs.  iij 

Aq ad  Ji. 

(Mitte  Sxij.)  t.d.s. 

86.  I^.     Sol.  iod.  alcoholic.  2  per  cent Si> 

m.d.u. 

87.  IJ.     01.  oliv« Sss 

Liq.  vol.  cc SisB 

Sp.  rorismar Sss 

Aq ad  Sviij- 

Ft.  lotio. 

88.  I^.     Tinct.  iodi  duplic 3iv 

Tinct.  aconit.  (Fleming's) 3iv. 

M.     Ft.  applic.     Dry  the  gum  and  paint  on  the  applicatioiL 

89.  I^.     Dec.  symphyt.  off Oss. 

Apply  as  fomentation  to  the  heel  as  directed. 

90.  ;^.     Sodium  bromide 4.0 

Magnesia 0.8 

Vahdol 4,0. 

Divide  into  12  capsules. 

91.  IJ.     Cacao  butter 12.0 

Oil  sweet  almonds 15.0 

Sulphur  precipitated 3.0 

Resorcin 1.6 

Oil  rose 0.4. 

92.  I^.     Balsam  of  Peru. 

Ointment  of  zinc  oxide,  of  each 15.0. 

Mix. 

93.  Q.     Fluidextractum  cubebe 8.0 

Tincture  hyoscyami 12.0 

Potassii  citratis 24.0 

Aquae  destillatsB 60.0 

Glycerini 24.0. 

M.D.S. 

94.  I^.     Protargol 2.0 

Cocaine  hydrochlorate 0.5 

Distilled  water 60.0. 

Sig. — External  use. 

95.  I>.     Pyramidon 0.3 

Antipyrine 0.2 

Salol. 0.12 

Codeine 0.01 

Citrated  caffeine 0.06b 

M.F.    Capsules  D.T.D.  No.  12. 
Sig. — One  every  two  hours  as  directed. 
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96.  I^.     Oil  of  mustard 40  drops 

Menthol 2  grammes 

Chloroform 20  grammes 

Solid  petrolatum 40  grammes. 

M.F.     Unguentum. 
Sig. — Rub  in  very  briskly. 

97.  Q.     Oleoresins  aspidii 4.0 

Olei  terebinthms "2.0 

Olei  ricini 60.0. 

Sig. — Use  at  one  dose. 

98.  I>.     Sodii  salicylatis 4.0 

Sodii  bicarbonatis 12.0 

Aqus  destillatse 90.0 

Misce. 

99.  ^.     Pilula  ichthyol 0.3. 

Dentur  tales  doses  No.  xxiv. 

100.  IJ.     Terpinol 6.0 

Sodii.  bens 6.0 

Heroin 0. 1 

Ext.  glycyrrhizae  pulv 4.0 

M.    Ft.  capsular  No.  xxiv. 

conuEirrs  on  foregoing  prescriptions 

1.  Liable  to  explode,  as  ammonia  combines  with  iodine,  forming  the  dangerously 
explodve  nitrogen,  iodide,  NI|. 

2.  The  spint  of  nitrous  ether,  if  acid,  is  apt  to  act  on  the  tannin  of  the  uva  ursi 
and  froth  violently,  sometimes  explodins  the  bottle. 

3.  Don't  dispense.     Dan^rousl^  explosive. 

4.  Can  be  put  up  if  mixM  cautiously  in  large  onen  dish. 

5.  Mass  these  puis  inth  kaolin  and  vaseline.  Ordinary  excipients  will  cause  ex- 
plosion. 

6.  This  prescription  was  evidentlv  written  with  the  idea  that  the  fat  petrolatum 
would  saponify  with  the  calcium  hydroxide  as  would  an  animal  or  vegetable  fat.  It 
Goes  not  do  this,  and  an  unsightly  mixture  results. 

7.  Chemical  incompatibility.    Insoluble  quinine  acetate  formed. 

8.  Pharmaceutic  incompatibility.  Acacia  precipitated  by  the  alcohol.  Remedy 
hy  reducing  amount  of  alcohol  by  using  a  proportional  quantity  of  fluidextract  of 
cinchona  and  enough  water  to  produce  bulk  equal  to  amoimt  of  tincture  called  for. 

9.  Chemical, — Red  ferric  hydroxide  precipitated  by  ammonium  carbonate. 

10.  Pharmaceutical, — Copaiba  immiscible.     Remedy  by  emulsifjring. 

11.  Chemical, — Color  changes  from  red  to  yellow. 

12.  Chemical, — When  the  salts  are  mixed  in  concentrated  solution,  the  product  is 
a  dirty  red  color.  When  in  dilute  solution  it  is  first  colorless,  afterward  depositing  a 
black  powder. 

13.  This  is  all  right,  affording  a  good  means  of-  administering  HCN,  this  being 
liberated  in  the  action  of  citric  acid  on  the  potassium  salt.  * 

14.  CAemicoZ.— 2NH4Cl+Ca(OH),=CaCl,4-2NH,4-2HaO.  Ammonia  gas  is 
generated. 

15.  Chemical. — ^Ammonia  in  spts.  ammoD.  arom.  acts  on  chloral  to  form  chloro- 
form, which  is  immiscible.     Dispense  with  ^' shake''  label. 

16.  Pharmaceutical. — The  tincture  and  the  collodion  mix  to  a  clear  solution,  but 
as  soon  as  the  ammonia  water  is  added,  the  pyroxylin  in  the  collodion  is  separatea  in  a 
solid  mass.  Can  be  dispensed  without  altering  properties  by  using  spirit  of  ammonia 
instead  of  the  water.  It  is  apt  to  become  lighter  on  standing,  due  to  action  of  am- 
monia on  iodine.  Also  a  faint  possibility  of  explosion,  intimated  by  comparison  with 
iodine  prescription  on  p.  952. 

17.  Chemical. — This  solution  remains  clear  only  when  exactly  neutral;  the  bismuth 
salt  being  insoluble  in  acid  and  the  pepsin  insoluble  in  alkaline  solution.  It  being 
difficult  to  preserve  neutrality,  the  bismuth  citrate  is  always  precipitated  in  time. 

18.  Chemical. — The  calx  saponifies  the  copaiba,  just  as  does  magnesia  in  the  for- 
merly official  mass  of  ccypaiba;  in  this  case,  however,  to  make  a  creamy  emulsion. 

19.  The  first  ingreoient  is  from  the  British  Pharmacopceia  and  is  essentially 
our  compound  extract  of  colocynth.  There  is  too  much  liquid  and  the  mass  will  be 
too  soft.     Triturate  in  warm  mortar  until  the  tincture  evaporates. 
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20.  Chemical, — The  two  salts  effervesce  on  mixing.  Do  not  bottle  until  carbon 
dioxide  is  all  evolved. 

21.  Chemical. — The  salt  in  the  bread  may  react  with  the  silver  nitrate  to  form 
insoluble  silver  chloride. 

22.  Pharmaceulic<d. — The  soluble  salt  causes  separation  of  camphor  from  the 
water.    Accordingly,  this  must  be  dispensed  with  a  ** shake"  label  (see  No.  26). 

23.  Pharmaceviical. — Fat  in  tincture  of  nux  vomica  precipitateid  by  the  hydro- 
alcoholic  tincture  of.  cinchona,  causing  milkiness.  If,  however,  the  tincture  of  nux 
vomica  be  that  of  U.S. P.  VIII.,  prepared  from  the  extract,  the  difficulty  will  be 
obviated. 

24.  Chemical. — The  carbonate  reacts  with  ferrous  iodide,  forming  insoluble  ferrous 
carbonate,  KjCOj + Fela = 2KI  -f  FeCOj. 

25.  Chemical, — The  free  acetic  acid  in  the  Basham's  mixture  will  precipitate  in- 
soluble quinine  acetate. 

26.  Pharmjoceuiical, — The  bromide,  in  dissolving,  refrigerates  the  peppermint 
water,  rendering  the  oil  dissolved  less  soluble  and  causing  excess  to  separate,  making 
milky  mixture.  Remedied  by  dissolving  the  salt  in  pure  water  and  adding  pepper- 
mint water  to  the  required  amount. 

27.  Chemical. — The  excess  of  bicarbonate  will  precipitate  the  quinine,  the  resin  in 
the  tincture  of  guaiac  will  be  thrown  out  by  the  water.     No  remedy. 

28.  Pharmaceutical, — Resin  of  guaiac  precipitated  by  the  water.  Remedy  by 
emulsionizing. 

29.  By  warming  slightly,  a  plastic  mass  may  be  obtained. 

30.  Pharmaceutical. — Amount  of  acid  not  sufficient  to  dissolve  the  cinchonine, 
hence  more  is  to  be  added. 

31.  Pharmaceyiical. — The  amount  of  alcohol  necessary  to  dissolve  the  croton 
chloral  will  be  enough  to  precipitate  the  acacia  from  the  mucilage,  so  leave  out  the 
alcohol. 

32.  Chemical, — Precipitate  when  combined.  Probably  due  to  the  action  of  tannin 
in  the  hamamelis  on  the  hydrastis  alkaloids. 

33.  Chemical. — Clear  solution  is  formed  by  adding  the  tincture  of  iron  and  the 
solution  of  arsenous  acid  to  about  three  ounces  of  freshly  prepared  Basham's  mixture, 
dissolving  the  alkaloids  in  this  mixture,  adding  an  aqueous  solution  of  the  corroflive 
sublimate,  and  finishing  with  sufficient  Basham's  mixture  to  make  four  fluidounces. 
But  the  alkaloids  are  precipitated  by  the  corrosive  sublimate  on  standing,  and  the 
mixture  is  too  dangerous  to  dispense. 

34.  Both  Chemical  and  Pharmaceutical, — Tannin  precipitates  the  morphine. 
Resin  of  myrrh  separated  by  the  syrup.     Nothing  can  bie  done  with  it. 

35.  Chemical, — Almost  anything  is  possible.  Thus  the  bichloride  separates 
mercury  when  combined  with  the  potassium  bicarbonate  of  Fowler's  solution;  it  is 
incompatible  with  ferrous  iodide  and  precipitate  the  alkaloids  of  the  cinchona  elixir, 
while  the  syrup  is  incompatible  with  everything  else.  As  the  Pharmaceutical  Era 
(from  which  it  is  taken)  says:  ''A  much  more  mcongruous  mixture  can  hardly  be 
devised." 

36.  Cocaine  or  any  other  alkaloid  will  be  precipitated  by  the  alkaline  borax.  If 
boric  acid  were  used,  no  precipitation  would  occur. 

37.  The  bichloride  and  the  iodide  combine  to  form  potassio-mercuric  iodide,  an 
alkaloidal  precipitant  (p.  707).    This  will  throw  the  cinchona  alkaloid  out  of  solution. 

*  38.  Chemical, — The  iodide  will  precipitate  some  of  the  constituents  of  the  paregoric 
and  the  syrup. 

39.  Chemical, — After  standing  twenty-four  hours  b6ttle  containing  this  mixture 
exploded.  Explosion  due  to  decomposition  of  the  nitrate  by  tannin  and)  resinous 
matters  in  the  fluid  extracts;  large  quantities  of  nitrogen  oxides  being  liberated.  Do 
not  dispense. 

40.  Chemical, — Incompatible,  though  often  prescribed  with  ^ood  results.  Silver 
salt  reduced  by  vegetable  extracts.  Dispense  dv  adding  a  grain  of  kaolin  to  each 
pill  and  making  up  with  petrolatum.  This  will  lessen  likelihood  of  reduction,  al- 
though not  totally  removing  possibility. 

41.  Chemical, — The  hyposulphite  reacts  with  the  precipitation  of  sulphur  and  the 
evolution  of  sulphurous  acid  gas.  The  sulphur  precipitates  in  varying  tints,  from 
yellow,  through  pink,  to  gray,  causing  much  annoyance  in  arousing  suspicions  of 
the  patient,    it  is  to  be  dispensed,  however,  as  it  possesses  therapeutic  value. 

42.  Chemical, — Precipitate  of  oxyiodides  of  arsenic  formed. 

43.  ChemicdL — The  salts  effervesce  on  combining,  and  a  precipitation  occurs  when 
the  tincture  is  added.  The  effervescence  is  probably  due  to  the  following  reactioni : 
K,CeH,OT+KHCO,+H20-K,HC,H,OT+CO,+2KOH.  And  the  alkaline  h>'- 
droxide  precipitates  the  alkaloids  from  the  tincture.  A  dangerous  mixture  that  must 
be  dispensed  with  a  ''shake"  label. 
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44.  This  and  the  nine  prescriptions  that  follow  were  published  by  W.  F.  Kaem- 
merer,  who  pointed  out  that  the  product  is  an  unsightly  mixture  since  magnesia  is 
insoluble  in  water.  He  substituted  magnesium  sulphate  thereby  obtaining  a  clear 
fluid,  but  at  the  meeting  where  the  prescription  was  submitted  a  majority  of  those 
discussing  it,  thought  that  such  a  change  meant  the  taking  of  unjustifiable  liberties 
with  the  doctor's  orders. 

45.  Effervescence  occurs,  due  not  to  acidity  of  the  citrate,  but  to  the  acids  (benzoic 
and  cinnamic)  of  the  syrup  of  Tolu. 

46.  Triturates  to  pas^  mass,  due  to  the  60  per  cent,  water  in  the  official  crystal- 
line sodium  phosphate.  Best  remedy  is  that  of^  using  exsiccated  sodium  phosphate, 
l}i  ounces,  and  sugar  of  milk^  1^  ounces. 

47.  Merely  a  problem  in  anthmetic,  and  the  application  of  common  sense  in  dispens- 

1  120  12 

ing:  Two  drachms  of  a  1  :  10,000  ointment  means  120  ">"  i  q  qqq  ^  fn  qqq  ^  i  qaq^ 

or  about  }^o  grain  of  bichloride.  To  weigh  this  small  amount  is  practically  impossible 
on  the  average  prescription  scale,  and  to  secure  the  amount  it  is  necessary  to  follow 
some  procedure  like  that  of  Mr.  Kaemmerer,  who  made  an  aqueous  solution  con- 
taining 1  grain  of  bichloride  to  1000  minims,  and  mixing  12  minims  of  this  solution 
with  the  petrolatum.  ^  If  the  use  of  water  is  objectionable  make  an  ointment,  contain- 
ing 1  gram  of  bichloride  and  99  grains  of  lanolm  and  then  mix  1.2  grains  of  this  with 
petrolatum. 

48.  The  acid  will  be  largely  dissolved  by  the  alkaline  solution  of  ammonium  ace- 
tate. There  is  a  possibility  that  the  salicylic  acid  may  react  on  the  spirit  of  nitrous 
ether,  especially  if  it  is  acid.  Kaemmerer  filtered  out  excess  of  salicylic  acid,  a  pro- 
cedure not  approved  by  most  of  those  who  discussed  the  prescription;  one  gentleman 
suggesting  that  enough  ammonia  water  be  added  to  insure  complete  solution. 

49.  This  prescription  is  entirely  saf  e^  even  though  hydrocyanic  acid  is  liberated  by 
the  sulphuric  acid.     It  is  merely  fortifying  the  hydrocyanic  acid  content  of  the  syrup. 

50.  Cresotal  will  not  dissolve  in  aqueous  liquids,  so  Mr.  Kaemmerer  emulsified  with 
1  drachm  of  acacia  and  2  drachms  of  water  and  then  added  Basham's  mixture.  A 
good  suggestion  offered  was  to  prepare  two  ounces  of  a  double  strength  Basham's 
mixture,  thus  making  possible  a  two-ounce  emulsion  of  the  creosotal. 

51.  If  glycerin,  solution  of  sodium  phosphate,  and  a  mixture  of  the  acid  and  tinc- 
ture of  ferric  chloride  are  mixed,  a  creamy  mixture  results.  If  glycerin,  the  acid,  the 
tincture,  and  then  the  sodium  phosphate  solution  are  mixed  and  then  warmed,  a 
clear,  light  greenish  solution  results.  In  order  to  make  a  clear  liquid,  the  solution  of 
sodium  phosphate  (Liquor  Sodii  Phosphatis  Compositus  N.F.;  must  contain  the 
pharmacopoeial  amount  of  citric  acid. 

52.  If  carelessly  compounded,  the  ferric  pyrophosphate  will  be  precipitated  by  the 
acid.  If  the  pyrophospnate  is  dissolved  in  3  fluidrachms  of  hot  water,  the  syrup  then 
added,  and  lastly  the  acid,  little  by  little,  shakine  after  each  addition,  a  clear  solution 
results.  Mr.  Aaemmerer  used  Dilutea  Metapnosphoric  Acid  N.F.  III.,  (p.  405) 
instead  of  the  official  diluted  phosphoric  acid. 

53.  As  this  stands,  the  prescription  calls  for  an  excessive  dose  of  the  alkaloid.  As 
to  compounding,  use  enough  of  a  diluent  (Mr.  Kaemmerer  used  arrowroot)  to  make 
a  pill  weighing  about  1  grain. 

54.  ChemicaL — ^The  tannin  in  the  tincture  of  krameria  will  precipitate  the  mor- 
phine. 

55.  Chemical. — The  arsenous  acid  of  Fowler *s  solution  produces,  with  tincture  of 
ferric  chloride,  insoluble  ferric  arsenite. 

56.  Chemical. — The  ammonia  will  precipitate  the  quinine  from  the  scale  salt  solu- 
tion. 

57.  Pharmaceutical. — Spirit  of  chloroform  is  immiscible  with  that  quantity  of 
water,  and  a  milky  mixture  results  on  agitation,  the  chloroform  separating  on  standing. 

58.  Chemical, — A  popular  lotion  that  must  be  dispensed  with  a  '* shake"  label. 
Lead  meconate  precipitated. 

59.  ChemicaL — The  popular  "yellow  wash,"  a  recipe  for  which  is  given  in  the 
Nationid  Formulari^  lime  water  reacting  with  mercunc  chloride  to  form  insoluble 
yellow  mercuric  oxide  by  the  following  reaction:  HgCl8-|-Ca(OH)2  =  HgOH-CaClt- 
H|0.     Dispense  with  "shake"  label. 

60.  Chemical. — The  quinine  will  not  entirely  dissolve,  there  being  an  insufficient 
amount  of  acid  in  the  tincture  to  accomplish  the  purpose.  Add  a  few  drops  of 
hydrochloric  acid. 

61.  Pharmaceyiical. — The  usually  insoluble  quinine  salt  willj  imder  the  influence  of 
antipyrine,  dissolve  in  the  small  quantity  of  water  directed  m  the  above  prescrip- 
tion, forming  what  is  called  "chinopyrine,"  which  affords  a  good  method  of  administer- 
ing quinine  hypodermically. 

61 
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62.  Chemical. — Dangerous,  as  corrosive  sublimate  is  formed  by  the  following  reac- 
tion: 3Hg»Cl,-|-H,0-|-2CiiHi,N,0  =2Hg4-Hg,0+2HgCl,+2CuHitN20HCl. 

63.  Tnis  and  the  three  prescriptions  that  f culow  are  published  by  Donald  McEwan. 
who  states  that  the  dispensing' of  Fowler's  solution  and  solution  of  strychnine  resulted 
in  a  fatality y  even  though  the  drugeist  labelled  it  ^' shake  well."  The  patient  did  not 
ehske  the  bottle  and  took  as  thelast  dose  the  sediment  consisting  of  most  of  the 
strychnine  precipitated  by  the  alkali  of  the  arsenical  solution.  The  coroner  decided 
that  while  neither  prescnber  nor  dispenser  were  free  from  blame,  no  judicial  action 
would  be  taken.  In  a  similar  case  in  South  Africa,  the  prescriber  was  tried  for  man- 
slaughter and  acquitted. 

64.  Ferric  chloride  liberates  iodine  from  the  iodide. 

65.  The  freshly  dispensed  prescription  was  a  pink  fluid,  due  to  the  chemical  in 
the  compoimd  tincture  of  cardamon.  After  twenty  minutes,  the  pink  liquid  changes 
to  a  muddy  yellow  mixture,  which  on  standing,  deposits  a  ^rellow  brown  precipitate 
leaving  a  colorless  supernatant  liquid.  The  precipitate  contains  crystals  of  potassium 
chlorate^  which  salt  while  freely  soluble  in  the  water  prescribed,  is  precipitated  by  the 
alcohol  m  the  spirit  of  nitrous  ether.  The  yellowish  part  of  the  precipitate  is  due  to 
the  cinnamon  of  the  compound  tincture  of  cardamon.  The  bleacning  action  is  due  to 
hydrolysis  of  the  ethyl  mtrate  in  the  spirit  of  nitrous  ether,  the  first  products  being 
ethyl  hydroxide  (alcohol)  and  nitrous  acid  and  the  eventual  dissociation  of  the  latter 
into  nitrogen  dioxide  and  oxygen.  The  potassium  chlorate  hastened  the  bleaching 
action,  which  however,  occurred  when  the  chlorate  was  omitted.  The  diraociation 
of  the  ethyl  nitrite  is  with  formation  of  nitrous  acid  and  this  in  turn  decomposes  the 
glucoside  m  the  digalen.  Inasmuch  as  the  digalen  and  ethyl  nitrate  are  decomposed 
and  the  potassium  chlorate  is  precipitated,  the  mixture  is  physiologically  inert  and 
presents  a  difficulty  for  which  no  remedy  can  be  suggested. 

66.  A  troublesome  combination  because  of  formation  of  chloroform  from  the 
chloral  by  action  of  the  alkaline  magnesia,  and  because  the  alkali  precipitates  the 
alkaloids  of  ipecac  and  of  belladonna;  these  dissolving  in  the  separated  cnloroform. 

67.  This  prescription  is  a  modification  of  lotio  calamine  of  the  British  Pharma- 
ceutical Codex  containing  sulphur,  which  is  not  called  for  in  the  Codex  recipe.  All 
three  solids  should  be  dispensed  as  finely  divided  as  possible. 

68.  The  phenalgine  and  the  acetylsalicylic  acid  wnen  triturated  turn  pasty  and 
George  Eliot,  who  describes  it,  dispensed  the  phenalgine  separately. 

69.  If  the  cinnamttte  is  alkaline,  the  stovame  willbe  precipitated  from  the  solu- 
tion; hence  the  use  of  a  chemically  pure  cinnamate  is  essential. 

70.  This  and  the  five  prescriptions  which  follow  were  published  by  H.  A.  B. 
Dunning.  Tlie  ointment  prepared  by  recipe,  No.  70,  when  rubbed  on  the  skin  sepa- 
rates into  greasy  liquid  and  ouiU-like  masses.  If  the  balsam  is  mixed  with  an  equal 
volume  of  sdcohol  and  rubbea  with  an  ointment  made  of  the  petrolatum  and  the  other 
ingredients  a  satisfactory  product  is  obtained. 

71.  Although  solutions  of  bicarbonates  and  solutions  of  soluble  magnesium  salts 
are  incompatible,  the  reaction  takes  place  but  slowly.  The  compounding  of  this 
prescription  results  in  a  perfect  solution  in  which  carbon  dioxide  is  slowly  but  gradu- 
SiXLy  liberated.  After  several  hours  the  mixture  becomes  cloudy  and  finally  a  pre- 
cipitate is  formed.  Tlie  more  rapidly  the  carbon  dioxide  is  aUowed  or  caused  to 
escape  the  sooner  a  precipitate  forms;  this  is  because  the  carbon  dioxide  serves  to 
keep  the  otherwise  insoluble  magnesiimi  carbonate  in  solution. 

72.  This  mixture  is  persistently  effervescent,  due  to  separation  of  the  ethyl 
nitrite  from  the  spirit  by  action  of  tne  water  of  the  syrups;  the  separate  ethyl  nitiite 
boiling  at  ordinary  temperatures. 

73.  Camphor  and  salol  liquefy  in  contact  with  each  other  and  if  the  ingredients 
of  this  prescription  are  mixed  as  written,  a  paste  result-s  which  requires  a  lai^  quan- 
tity of  absorbent  powder  to  properly  stiffen  for  dispensing  in  capsules.  It  cannot 
well  be  dispensed  in  soft  elastic  capsules.  Dunnine  dispensed  the  prescription  as 
follows:  Pack  the  salol  into  ten  No.  5  empty  capstues.  Mix  the  other  ingredients 
and  pack  loosely  into  ten  No.  1  empty  capsules.  Into  the  No.  1  capsules  insert  the 
No.  5  filled  capsules  so  as  to  conceal  the  latter. 

74.  The  potassium  chlorate  and  sodium  hyposulphite  should  be  powdered  sepa- 
rately and  mixed  lightly  to  avoid  an  explosion. 

75.  In  dispensing  this,  powder  the  menthol  and  pack  into  thirty  No.  5  capsules. 
Mix  the  other  ingredients  and  place  into  the  lower  halves  of  thirty  konseals.  Put  a 
menthol  capsule  m  each  and  proceed  as  usual. 

76.  This  mixture,  which  with  the  two  which  follow  were  submitted  by  Peter  Fentcm, 
gives  a  white  precipitate  soon  after  making  iip.  The  precipitate  is  lead  citrate.  It 
may  be  assumed  that  the  prescriber 's  intention  here  m  adding  syrup  of  lemon  is 
merely  for  flavoring.     By  using  simple  syrup,  to  which  some  tincture  of  lemon  has 
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been  added,  instead  of  syrup  of  lemon  the  formation  of  the  insoluble  lead  salt  is 
prevented. 

77.  In  this  case  precipitation  is  prompt  and  the  deposit  abundant.  The  precipi- 
tate is  due  to  the  sodium  borate  throwing  out  the  alkaloids.  As  written,  no  attempt 
should  be  made  to  dispense  the  above. 

78.  When  compounded  as  written  a  copious  precipitate  is  produced  after  stand- 
ing about  two  hours  or  so.  This  is  due  to  an  interaction  between  the  potassium 
cmorate  and  the  sulphurous  acid,  as  a  result  of  which  sulphuric  acid  is  formed,  which, 
in  turn,  then  reacts  with  the  calcium  chloride  to  form  cakiimi  sulphate,  thus: 

KCIO,     +    3H2SO,     =     Ka         +    3H,S04 
CaCla      +     H,S04       =     CaS04     +     2HC1 

The  incompatibility  should  be  pointed  out  to  the  prescriber,  but  if  this  is  impossible 
it  should  not  oe  dispensed. 

79.  The  compounded  prescription  became  yellow  and  finally  deposited  a  yellow 
sediment  of  iodoform:  due  to  tne  fact  that  ether  in  the  presence  of  air  and  water 
converts  some  of  the  latter  into  hydrogen  dioxide  and  this  oxidizing  agent  liberates 
iodine  from  the  iodide. 

80.  In  this,  ammonium  chloride  is  formed,  formaldehyde  is  set  free  and  ferric 
hydroxide  is  precipitated. 

81.  In  compounding  this  prescription,  Tait  found  that  the  liquid  became  vellow 
and  then  brown,  due  to  liberation  of  irritating  free  iodine.  Experiments  snowed 
that  the  addition  of  minute  amounts  of  sodium  hypophosphite  even  as  little  as  ^i 
grain  to  a  fluidounce  of  the  mixture — ^prevented  liberation  of  iodine.  A  lesser  amount 
of  the  h3rpopho6phite — say  J^g  grain  to  the  fluidounce — ^prevented  darkening  of  the 
mixture  when  kept  protected  from  the  light,  but  when  exposed  to  sunlight  the  liouid 
turned  brown.  Curiously,  if  the  mixture  was  then  put  m  a  dark  place  it  bleacned 
and  the  alternate  darkening  and  bleaching,  according  as  to  whether  it  was  in  the 
sunshine  or  out,  could  be  repeated  again  and  again. 

82.  When  this  is  compounded,  there  are  deposited  crystals  of  potassium  sulphate 
which  are  less  soluble  in  water  than  is  sodium  sulphate  and  in  this  mixture  is  still 
less  soluble  because  of  the  presence  of  the  alcohol  in  the  spirit  of  nitrous  ether. 

83.  This  prescription  and  the  seven  which  follow  are  taken  from  a  series  pub- 
lished in  the  British  and  Colonial  Druggists  and  represent  some  of  the  usual  types  of 
prescriptions  encountered  in  England.  As  to  tne  one  now  imder  discussion  the 
anonymous  author  states  that  it  is  reminiscent  of  the  story  of  a  well-known  doctor- 
cricketer  who,  when  acting  as  house  physician  was  called  to  account  by  the  hospital 
pharmacist  for  prescribing  something  in  the  '' blue-black"  line,  and  was  rather  curtly 
asked  ''if  he  desired  his  patient  to  take  ink?"  The  doctor  was  not  so  ignorant  as 
was  supposed^  for  his  reply  was  brief  and  to  the  point:  ''As  ink  is  official  in  the  British 
Pharmacopoeia  (mist,  ferri  aromat.,  B.P..  '85),  he  failed  to  see  the  purport  of  the 
dispenser [s  query,  and  he  certainly  desirea  his  patient  to  take  ink." 

84.  Dispensed  as  written  an  unsightly  and  unsatisfactory  mixture  is  produced. 
This  is  due  to  the  imstable  acidity  of  the  caffeine  salt.  By  substituting  the  equivalent 
quantity  of  caffeine  alkaloid  for  the  citrate  prescribed,  a  clear  mixture  is  presented, 
and,  at  the  same  time,  the  therapeutical  intentions  of  the  prescriber  are  maintained. 

85.  "Ilad  not  this  prescription  been  written  by  one  whose  name  was  formerly 
on  the  register  of  chemists  and  druggists,  there  would  have  been  no  place  for  it  in 
this  category.  Pharmacists  look  for  good  prescribing  from  Quondam  pharmacists, 
but,  perhaps,  at  the  prescribed  moment  a  lapsus  mentis  occurrea,  or  a  desire  to  provide 
a  worrier  for  his  erstwhile  calling  crossed  the  mind  of  the  prescriber." 

86.  This  represents  a  weak  alcoholic  solution  of  iodine,  free  from  potassium 
iodide,  used  in  Scotland  as  an  application  to  bums. 

87.  "Liquor  volatilis  comu  cervi  and  spiritus  rorismarini  indicate  that  this  pre- 
scription was  not  originally  written  yesterday,  although  it  was  presented  for  dispens- 
ing Quite  recently.  Tiq.  vol.  cc'  stands  for  the  true  distilled  spirits  of  hartshorn, 
whicn,  it  may  be  safely  assumed,  does  not  now  exist;  an  old  edition  of  Beasley  states 
that  a  solution  of  carbonate  of  ammonia  or  (less  properly)  of  caustic  ammonia  is 
usually  substituted  for  it.  The  contributor  of  this  selected  one  dispensed  the  less 
proper  preparation  liq.  ammon.  B.P.'  What  does  the  present  Mr.  Beasley  say  about 
this?  Spiritus  rorismarini  indicates  that  the  prescriber  is  or  was  an  old  Latin  scholar, 
since  he  has  genitived  the  first  syllable  of  rosmarinus=ros  marinus—  rorismarini » 


ronsmarmi." 


88.  ''  A  double  strength  tincture  of  iodine  is  here  prescribed,  and,  no  doubt,  with 
every  reason.  An  authority  quotes:  'Tincture  of  aconite  (Fleming),  combined 
with  equal  volumes  of  tincture  of  iodine  (off.),  is  frequently  ordered  to  be  painted 
on  the  gums  for  pain.'  This  prescription,  therefore,  provides  that  variety  which 
gives  the  'salt'  to  pharmaceutical  work,  inasmuch  as  it  also  differs  from  the  most 
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frequently  demanded  combination  of  all;  in  a  mixture  of  equal  parts  of  the  tinctures 
of  aconite  and  iodine. 

89.  "Recently  prescribed  by  one  of  London's  most  famous  surgeons.  Further 
research  into  the  mysteries  of  the  fruits  of  the  earth  would  be  more  in  accordance 
with  the  natural  employment  of  the  Divine  gift  of  reason  to  the  use  and  benefit  of 
mankind  than  is  the  present  trend  of  some  medical  investigations  and  experiments. 
Martindale  states  that  the  formula  given  in  the  Extra  Pharmacopoeia  for  the  prepara* 
tion  of  a  strong  infusion  of  comfrey  root  approximates  a  decoction;  this  was  acted 
upon  in  this  instance." 

90.  According  to  Lascoff,  who  published  this  and  the  ten  prescriptions  which 
follow^  to  put  this  up  in  capsule  form,  the  way  it  is  written,  is  impossible,  unless  a 
mass  IS  made,  and  then  the  capsules  will  be  of  an  enormous  size.  But  by  adding  10 
grains  more  of  magnesia  it  will  form  a  dry  powder,  and  can  be  dispensed  in  No.  1 
dry  capsules. 

91.  The  best  way  to  dispense  this  prescription  is  to  melt  the  cacao  butter  and  the 
almond  oil,  then  dissolve  the  resorcin  in  a  few  drops  of  water  and  rub  it  up  thoroughly 
with  the  precipitated  sulphur;  then  rub  the  rest  of  the  ingredients  on  a  slab,  little  by 
little  with  the  melted  cacao  butter,  until  it  forms  a  nice,  smooth,  perfect  ointment. 

92.  This  prescription  looks  veiy  simple,  but  the  prescriptionist  will  be  surprised 
to  find  that  when  he  rubs  the  two  ingredients  together,  they  form  a  gritty,  hard  oint- 
ment, which  is  absolutely  impossible  to  apply  to  any  sore.  Lascoff  found  that  a  few 
grains  of  powdered  acacia  added  to  the  balsam  Peru  and  mixed  with  the  sine  ointment, 
will  form  a  smooth,  soft  ointment. 

93.  The  resinous  fluidextract  is  insoluble  in  the  water,  but  if  this  and  the  tincture 
are  emulsionized  with  acacia,  glycerin  and  water,  and  are  added  to  a  concentrated 
aqueous  solution  of  the  citrate,  a  sightly,  uniform  mixture  is  obtained. 

94.  Protargol  like  most  silver  salts  is  i)recipitated  bv  chloride,  so  the  dispenser 
used  the  proportional  quantity  of  cocaine  nitrate  and  a  clear  solution  resulted. 

95.  The  ingredients  of  this  prescription  are  triturated  together  and  put  into 
capsules,  the  combination  eventually  liquefied,  but  when  salol,  codeine  and  caffeine 
were  triturated  with  a  little  sugar  of  muk  (2  grains  to  each  caosule),  and  then  with 
the  antipyrine  and  lastly  with  the  pyramidon,  the  capsulatea  mixture  was  found 
stable. 

96.  This  ointment  was  most  satisfactorily  prepared  by  melting  the  petrolatum  in 
a  corked  wide-mouth  bottle,  dissolving  the  oil  and  menthol  in  uie  cmoroform  and 
mixing  this  solution  with  the  melted  petrolatum. 

97.  This  mixture  should  never  be  dispensed,  as  Cushny  and  other  authorities 
report  that  the  filicic  acid  in  the  oleoresin  dissolves  in  the  castor  oil  and  being  absorbed, 
produces  blindness. 

98.  This  will  become  brown  and  eventually  blacky  if  made  from  ordinary  chemicals. 
If  strictly  pharmacopoeial  salts  are  used,  the  blackenmg  is  retarded  for  five  or  six  days. 
The  discoloration  is  due  partly  to  traces  of  iron  in  the  bicarbonate  and  partly  to 
decomposition  of  the  salicylate  by  the  alkali. 

99.  If,  in  preparing  these  pills,  ordinary  absorbent  diluents  are  used  very  laige 
pills  are  the  result,  says  Dr.  Lascoff.  If,  on  the  other  hand,  the  ichthyol  is  evaporated 
on  a  water-bath,  thus  losing  45  per  cent,  of  its  original  weight,  small  nicely  roimded 
pills  result.  We  are  not  prepared  to  state  whether  the  evaporation  of  the  ichthyol 
will  cause  any  loss  in  its  activity. 

100.  This  mixture  was  found  difficult  to  mass  since  the  sodium  benzoate  refused 
to  blend  with  the  other  ingredients.  By  emulsifying  the  terpinol  with  a  little  cal- 
cined magnesia  and  water  and  by  adding  the  benzoate  dissolved  in  a  few  drops  of 
water,  a  uniform  brown  mass  resulted. 
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PART  VII 


LABORATORY  EXERCISES 

mxRODUcnoN 

Essential  to  the  making  of  an  allround  pharmacist  is  the  ability 
to  carry  out  pharmaceutic  operations,  and  any  thorough  course  of 
pharmaceutic  instruction  must  include  laboratory  exercises  as  well 
as  theories.  The  following  line  of  laboratory  work  has  been  used  with 
success  by  the  writer  for  the  past  two  decades,  and  in  order  to  secure  best 
results,  every  step  directed  on  the  following  pages  should  be  followed  by 
the  student,  particidarly  the  ccdciUatians,  which  are  intentionally  l^t 
incomplete.  To  carry  out  these  exercises,  the  student  should  have  access 
to  a  laboratory,  that  is,  a  room  provided  with  a  working  table,  provided 
with  gas,  Bunsen  burners  (p.  69),  water-bath  (p.  74),  filtering  or  retort 
stand  with  appropriate  movable  rings  (p.  98),  and  a  Liebig  condenser 
(p.  96).  Every  drug-store  should  possess  such  a  working  table  and 
appliances. 

The  special  apparatus  needed  to  carry  out  this  work  is  as  follows, 
and  should  be  a  part  of  the  equipment  of  every  well-conducted  pharmacy: 

1  thermometer:  Centigrade  markings  on  1  8-inch  spatula. 

one    side;    Fahrenheit    on    the   other,  1  4-oz.  funnel. 

markings  to  250°C.  1  2-oz.  funnel. 

1  pyknometer  of  about  25  mils  capacity.  1  4-oz.  beaker. 

1  set  of  hydrometers;  one,  heavy  Baimi^  1  2-oz.  beaker. 

degrees;  the  other,   light   Baiun^  de-  2  1-pint  Florence  flasks. 

erees.  1  4-oz.  Erlenmeyer  flask. 

1  hydrometer  cylinder.  1  piece  wire  gauze  for  heating,  6  by  6 
1  alcoholometer.  mches. 

1  set  Levi's  beads.  1  16-oz.  porcelain  evaporating  dish. 

1  Mobr-Westphal  balance.  2  2-oz.  evaporating  dishes. 

1  prescription  balance.  1  glass  rod,  3  feet  long  (to  be  cut  into 
1  leas  accurate  scale.  lengths). 

1  package  (100)  4-inch  white  filter-paper.  1  length,  about  3  feet,  glass  tubing. 

2  packages  (200)  6-inch  white  filter-paper.  1  8-oz.  Wedgewood  mortar. 
1  small  rolling-pin.  1  1-pint  ^lass  percolator. 

1  lozenge  cutter.  .  2  8-oz.  wide-mouthed  bottles. 

1  suppository  mold  (for  6  suppositories).        1  pill  tile,  6  by  6  inches. 
1  suppository  compressing  machine.  1  60-mil  graduate. 

1  tin  plaster  dipper.  1  set  of  weights,  50  Gm.  down. 

24  test-tubes,  6  by  H  inches. 

Of  this  list,  the  Baum6  hydrometers,  Lovi's  beads,  Mohr-Westphal 
bidance,  and  supposilory  compressing  machine,  since  expensive  and  not 
absolutely  essential,  can  be  omitted.  The  set  from  8-incn  spatula  on  can 
be  ptirchased  for  about  seven  dollars. 
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The  material  needed  for  the  experiments  is: 


2  oz.  copper  sulphate. 

2  oz.  alum. 

yi  lb.  ferrous  sulphate. 
^  lb.  sodium  sulphate. 

1  oz.  card  teeth. 

1  lb.  sugar,  granulated. 

1  oz.  benzoin. 

1  oz.  camphoi. 

1  oz.  zinc  oxide  G.P. 

1  lb.  gentian,  No.  30  powder. 

1  qt.  alcohol. 
}i  oz.  acetanilide. 

3^  oz.  compound  extract  of  colocynth. 
^i  oz.  calomel. 
}4  oz.  resin  of  jalap. 
^1  oz.  powdered  gamboge. 
^  oz.  phosphorus. 

1  oz.  powdered  althaea. 

1  oz.  powdered  glycyrrhiza. 

1  oz.  powdered  acacia. 
yi  lb.  chloroform. 

2  oz.  powdered  potassium  chlorate. 
1  oz.  confectioner's  sugar. 

1  oz.  powdered  tragacanth. 

H  oz.  soft  extract  oi  belladonna. 

2  oz.  butter  of  cacao. 
yi  oz.  castor  oil. 

Ji  lb.  glycerin. 

2  oz  monohydrated  sodium  carbonate. 
^  oz.  stearic  acid. 

1  oz.  spermaceti. 

1  oz.  white  wax. 


oz. 
oz. 
oz. 
oz. 
oz. 
lb. 
oz. 
oz. 


2  oz. 

1  oz. 

1  oz. 
}i  oz. 

1 

4 

1 

1 

4 

1 

1 

1 

J^oz. 
H  oz. 

2oz. 

1  oz. 
yi  oz. 
Klb. 
Klb. 
H  oz. 

1  oz. 
a  oz. 

2oz. 

1 

2 

1 

1 

H  oz. 
>ilb. 
H  oz. 
H  oz. 


oz. 
oz. 
oz. 
oz. 


oil  of  sweet  almond. 

rose  water. 

powdered  borax. 

mercury. 

rose  honey. 

cod-liver  oil. 

rectified  oil  of  turpentine. 

unslaked  lime. 

ammonia  water.  10  per  cent. 

sulphuric  acid  C.P. 

potassium  iodide. 

chlorinated  lime. 

exsiccated  sodium  phosphate. 

tartaric  acid. 

citric  acid. 

sodium  bicarbonate. 

mossy  zinc. 

hjrdrochloric  acid. 

mtric  acid. 

precipitated  zinc  carbonate. 

noney. 

iodine. 

lead  acetate. 

litharge. 

olive  oil. 

rosin. 

yellow  wax. 

corrosive  sublimate. 

lard. 

bismuth  subnitrate. 

white  castile  soap. 


CHAPTER  LIX 
GALENIC  PREPARATIONS 

THERMOMETER  TESTING 

Boiling-point  of  Water. — Take  two  thermometers,  one  with  Fahren- 
heit and  the  other  with  Centigrade  scale.  Suspend  each  in  pint  flask, 
which  should  rest  on  wire  gauze  or  ring,  high  enough  to  permit  a  flame 
of  Bunsen  burner  underneath.  Have  in  the  flask  about  150  mils  water, 
and  do  not  let  the  thermometers  dip  below  the  surface  of  the  water. 

Apply  heat,  and  when  water  boils  and  a  goodly  amoimt  of  steam 
is  passing  from  the  flask,  read  the  height  of  mercury  in  each  ther- 
mometer. The  Fahrenheit  will  read  about  210^;  the  Centigrade,  about 
98^.  If  much  below  these  points,  it  is  likely  due  to  part  of  the  tlier- 
mometer  being  outside  the  flask  and  beyond  influence  of  steam  zone.  To 
insure  full  action  of  steam,  the  neck  of  the  flask  may  be  lengthened  by 
means  of  a  roll  of  stiff  paper  or  by  inverting  over  flask  a  narrow  glass 
percolator.  The  latter  method  is,  however,  not  highly  sati^actory, 
first  because  of  danger  of  cracking  percolator;  second,'  b^^ause  ti^e  con- 
densed steam  drops  on  outside  of  flask. 

Note. — Water  boils  at  212**F.  or  IWC.  at  seorlevel,  or  at  the  atmos- 
pheric pressure  equal  to  760  millimeters  of  mercury.  (See  p.  87.)  If 
the  thermometer  is  tested  in  a  high  building  or  at  any  place  lugher  tbim 
sea-level,  the  boiling-point  will  be  less  than  the  standard. 
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There  is  no  mathematic  formula  expressing  relation  of  boiling- 
point  to  atmospheric  pressure  which  can  be  considered  a  true  law,  but 
Regnault  worked  out  a  table  of  boiling-points  under  different  pressures 
which  can  here  be  condensed  to  the  f oUowing  four  lines : 

Barometric  pressure,  BoUing-poirU  of  water. 

91.92  mm.  50X. 

625.45  mm.  90'*C. 

700.00  mm.  100*^0. 

1520.00  mm.  120. 4^C. 

To  this  can  be  added  the  statement  that  an  ascent  of  1080  feet  makes  a 
decrease  in  the  boiling-point  of  water  of  l^'C. 

Melting-point  of  Ice. — Put  four-ounce  funnel  into  iron  ring  attached 
to  filtering  stand  and  place  two-ounce  beaker  beneath  it.  Break  ice 
int<o  pieces  about  size  of  a  pea,  and  fill  funnel  with  same.  Insert  in 
midst  of  ice  the  two  thermometers  used  in  boiling-point  experiment, 
and  let  stand  five  or  ten  minutes;  then  take  out  and  read  quickly.  The 
Fahrenheit  thermometer  should  read  32  degrees — the  Centigrade,  zero 
degrees. 

SPBCmC  GRAVriT  OF  LIQUIDS 

First,  estimate  specific  gravity  as  follows: 

Take  a  one-ounce  graduate  and  carefully  tare  it.  ''Tare''  means  to 
counterbalance  it — to  put  on  the  other  scale  just  enough  weights  so  that 
it  will  be  exactly  balanced. 

^  Now,  very  carefully  measure  into  it  exactly  one  fluidounce  of  water 
(distilled,  if  possible)  and  note  how  many  grains  the  water  weighs. 

Then  weigh  in  sunilar  manner  one  fluidounce  of  alcohol.  Estimate 
its  specific  gravity  by  comparison  of  its  weight  with  the  weight  of  the 
fluidounce  of  water,  and  then  looking  in  the  back  of  the  pharmacopceia 
or  dispensatory,  find  the  table  showing  alcoholic  strength  according  to 
specific  gravity  (commonly  called  alcohol  table),  and  deduce  from  the 
specific  gravity  what  the  strength  of  the  alcohol  is. 

Lastly,  find  the  weight  of  a  fluidounce  of  glycerin  and  work  out  its 
specific  gravity  from  this  weight,  remembering  always  that  specific 
gravity  is  the  relative  weight  of  a  body  as  compared  to  the  weight  of  an 
equal  bulk  of  water. 

Then  do  same  work  more  accurately  by  means  of  pyknometer. 
(See  p.  48.)     The  necessary  data  to  be  obtained  are  as  follows: 

Water. — Weight  of  pyknometer  — 

Weight  of  pyknometer  filled  with  water 

A.  Weight  of  water  held  by  pyknometer  

Alcohol. — Weight  of  pyknometer 

Weight  of  pyknometer  filled  with  alcohol 

B.  Weight  of  alcohol  held  by  pyknometer 

Glycerin. — Weight  of  pyknometer 

Weight  of  pyknometer  filled  with  glycerin- 

c.   Weight  of  glycerin  held  by  pyknometer 


Calculations. — Since  the  same  pyknometer  is  used  in  each  case, 
and  since  specific  gravity  means  how  many  times  heavier  than  water 
is  a  certain  substance,  we  find  the  specific  gravity  of  alcohol  by  dividing 
weight  of  alcohol  by  weight  of  same  volume  water: 
B     T-     A     =     sp.  gr.  of  alcohol; 
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and  we  find  the  specific  gravity  of  glycerin  by  dividing  its  weight  by 
weight  of  same  volume  of  water. 

c     -^     A     =     sp.  gr.  of  glycerin. 

Oil  of  Turpentine. — Lastly,  fill  pyknometer  with  oil  of  turpentine, 
and  from  the  weight  of  turpentine  deduce  the  specific  gravity  of  that 
liquid,  viz.: 

Weight  of  pyknom-        by   weight   of   pyk-        specific  gravity, 

eter  filled  with  tur-  -r-  nometer  filled   with  =   (How    many    times 
pentine  water  the  oil  of  turpentine 

is      heavier      than 
water.) 


Be  sure  to  wash  the  pyknometer  carefully  after  the  turpentine  experi- 
ment until  free  from  the  odor  of  that  oil. 

Remarks. — In  weighing,  give  value  to  centigrammes. 

Use  distilled  water  in  all  specific  gravity  experiments.  In  weighing 
the  empty  pyknometer,  be  sure  it  is  absolutely  dry  (wipe  it  with  clean 
handkerchief)  both  inside  and  out. 

In  fitting  it  with  any  liquid  be  sure  to  have  no  air-bubbles  in  the 
liquid  and  to  have  it  completely  filled  up  to  top  of  capillary  orifice  in 
stopper.  The  latter  is  accomplished  by  filling  almost  to  top  of  neck 
of  pyknometer,  and  then  suddenly  and  evenly  plunging  the  stopper 
into  the  neck.  The  excess  of  liquid  passes  through  capillary  to  top  of 
stopper,  and  is  carefully  wiped  off  with  a  piece  of  filter-paper.  The  entire 
pyknometer  is  then  carefully  wiped  with  a  clean  handkerchief  and  then 
weighed. 

In  wiping  the  pyknometer  after  wiping  tops  of  stopper  the  heat  of 
hand  may  cause  expansion  of  Uquid,  which  will  rise  through  capillary 
to  top  of  stopper.  Do  not  wipe  off  this  excess,  but  weigh  it  on  top  of 
stopper. 

After  weighing,  empty  oiU  liquid  and  carefully  wash  out  pyknometer 
with  water  (and  alcohol  if  necessary),  and  dry  perfectly  before  filling 
with  another  liquid.  Water,  if  present,  will  contaminate  the  other 
liquid. 

In  accurate  work  the  temperature  at  which  pyknometer  is  filled 
should  be  noted,  and,  if  possible,  the  liquid  should  be  at  25°C. 

SPECIFIC  GRAVITT  OF  LIQUIDS  WITH  HTDROHETER 

Take  three  tall  cylinders  and  fill  about  three-quarters — the  first 
with  water,  the  second  with  alcohol,  the  third  with  glycerin. 

Take  two  hydrometers  (p.  49),  one  for  heavy  Uquids,  the  other  for 
light  liquids,  and  note  to  which  degree  the  hydrometer  sinks  in  each 
liquid — the  line  just  appearing  at  the  surface  of  liquid. 

Degrees  lighi.  Degrees  heavy. 

Water 

Alcohol ^ 

Glycerin — 

These  are  "degrees  Baum^,''  and  calculate  therefrom  by  process 
given  on  p.  50  the  specific  gravity  of  each  liquid.  From  the  specific 
gravity  of  the  alcohol  deduce  by  means  of  alcohol  table  given  in  the 
pharmacopoeia  its  alcoholic  percentage. 
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Remarks, — Be  sure  that  each  cylinder  is  perfectly  clean  and  dry 
before  pouring  liquids  in,  so  that  each  liquid  can  be  returned  to  container 
after  the  estimations,  absolutely  pure.  In  the  same  way  carefully 
clean  and  dry  each  hydrometer  before  transferring  to  another  liquid. 

Avoid  air-bitbbles  in  putting  hydrometers  into  liquids,  as  air  is  lighter 
than  the  liquids  and  air-bubbles  vitiate  results. 

As  the  principle  of  the  action  of  the  hydrometer  is  fully  explained 
on  p.  49,  nothing  but  the  actual  operation  is  here  given. 

With  Alcoholometer. — Take  very  tall  cylinder — a  long  narrow 
percolator  with  cork  in  neck  does  quite  nicely  at  a  pinch — and  fill  about 
nine-tenths  with  alcohol.  Sink  therein  the  alcoholometer  (p.  51)  and 
note  point  at  which  it  floats.  Note  the  two  scales  on  the  alcoholometer — 
one  the  alcoholic  percentage,  the  other,  its  value  in  "proof."  For 
"proof"  valuation  see  p.  592. 

With  Lovi*s  Beads. — Throw  a  handful  of  Lovi's  b^ads  into  water 
in  a  pint  graduate.  Some  will  sink,  some  will  float  on  surface,  and  per- 
haps one  will  float  midway  in  liquid.  Take  out  those  on  the  surface 
and  all  will  be  found  to  have  specific  gravity  less  than  water;  those  which 
have  sunk  have  specific  gravity  greater  than  water,  while  the  one  floating 
will  be  the  specific  gravity  of  water.  Carefully  dry  and  repeat  with  any 
other  liquid  if  desired. 

With  Mohr's  Balimce. — ^Take  Mohr's  balance  (p.  52),  and  note  that 
the  sinker  in  air  is  exactly  counterpoised  by  weight  on  other  end.  Put 
water  into  cylinder,  and  immerse  sinker  therein.  Note  that  the  buoyant 
force  of  the  water  presses  sinker  upward.  Place  largest  weight  on 
notch  directly  over  place  from  which  sinker. is  suspended,  when  equili- 
brium will  be  restored.  If  desired,  the  volume  of  the  sinker  can  be 
measured  by  sinking  it  into  water  contained  in  a  burette  and  noting 
rise  of  water;  the  weight  of  weight  which  restores  equilibrium  may  then 
be  taken,  in  which  event  it  will  be  found  that  the  volums  of  the  sinker, 
expressed  in  cubic  centimeters,  is  just  the  same  as  number  of  grammes 
be  that  the  weight  weighs. 

(The  portion  of  the  work  just  given  is  optional.) 

Having  gotten  the  balance  into  equilibrium  by  placing  weight  in 
notch  over  point  of  suspension,  take  sinker  out  of  water,  dry,  and  im- 
merse in  alcohol.  It  will  then  be  found  that  the  weight  and  sinker  are 
heavier  than  the  buoyant  force  of  the  alcohol.  Move  weight  to  next 
notch  toward  middle  of  beam  (nine-tenths  the  distance  between  central 
knife-edge  and  point  of  suspension  of  sinker).  It  will  still  be  too  heavy. 
Move  to  next  notch  (eight-tenths  the  total  distance).  That  will  be 
a  trifle  too  light,  showing  that  the  alcohol  is  something  over  eight- 
tenths  as  heavy  as  water  (over  sp.  gr.  0.800).  Use  the  two  smaller 
weights — one  one-tenth  as  heavy  as  the  first,  the  other  one-tenth  as 
heavy  as  the  second.  The  number  of  notch  on  which  the  second  will 
all  but  produce  equilibrium  will  give  the  second  decimal  point  of  the 
specific  gravity  (thus,  if  it  all  but  balances  on  notch  No.  2,  the  specific 
gravity  will  be  0.820).  Then,  with  the  third  weight,  bring  balance  to 
perfect  equilibrium,  and  use  this  notch  number  as  the  third  decimal 
point  place. 

Immerse  dried  sinker  into  glyceriiif  and  weigh  as  before.  It  will 
be  found  that  this  Uquid  will  buoy  up  the  beam  even  when  the  heaviest 
weight  is  placed  in  the  notch  directly  over  the  point  of  suspension  of 
the  sinker;  that  the  buoyant  force  of  glycerin  is  greater  than  that  of 
water.    Therefore,  leaving  the  heaviest  weight  on  the  notch  over  point 
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of  suspension  of  sinker,  where  it  represents  the  specific  gravity  1.000, 
take  the  mate  to  the  heaviest  weight  and  place  it  on  the  notch  where 
it  most  nearly  balances  the  beam — ^if,  when  on  notch  three,  it  is  too 
heavy,  then  put  it  on  notch  two,  and  if  this  is  a  trifle  too  light,  consider 
the  specific  gravity  as  1.20,  and  fill  out  the  second  and  third  weights  on 
the  appropriate  notches  as  in  the  alcohol  experiment.  In  tUs  way 
deduce  the  specific  gravity  of  glycerin. 

Specific  Gravity  of  Solids. — As  learned  on  p.  53,  the  two  important 
methods  of  taking  the  specific  gravity  of  solids  are,  first,  comparing 
the  weight  of  a  solid  to  the  weight  of  an  equal  volume  of  water,  and,  sec- 
ond, by  dividing  weight  in  air  by  loss  of  weight  of  the  solid  in  water. 
In  the  latter  case  we  divide  by  loss  of  weight  in  water  because,  according 
to  the  Archimedes  theorum  (p.  54),  loss  of  weight  in  water  equals  the 
weight  of  water  displaced  when  the  body  is  immersed  in  water;  also 
equals  the  weight  of  a  bulk  of  water  equal  to  bulk  of  body  immersed. 

The  first  part  of  the  following  work  is  given  in  the  hope  of  proving 
the  Archimedes  theorum  to  the  student: 

1.  Take  20  Gm.  brass  weight  and  weigh  in  air  with  other  weights  to 
prove  it  is  20  Gm. 

Then  take  test-tube  and  half  fill  it  with  water,  marking  water-level 
by  a  scratch  with  a  file  or  with  a  piece  of  string  or  rubber  band.  Then 
sink  therein  the  20  Gm.  brass  weight,  to  which  a  silk  thread  is  attache!. 
The  water  will  rise,  the  amount  displaced  being,  of  course,  exactly  equal 
to  the  bulk  (the  volume)  of  the  weight.  Mark  point  to  which  water 
water  rises  as  the  original  level  of  water  was  marked.  Then  remove 
weight  carefully,  bring  water  in  test-tube  to  original  level  if  any  is  lost 
in  removing  weight,  and  pour  in  water  from  graduate  to  highest  mark, 
and  thus  measure  in  mils  the  amount  of  water  displaced. 

Since  1  mil  distilled  water  weighs  1  Gm.  we  can  put  down — 

20  Gm.  brass  weight  displaces mils  water. 

has  same  volume  as mils  water. 

hss  same  volume  as Gm.  water. 

Since  specific  gravity  is  telling  how  many  times  heavier  a  substance 
is  than  the  same  bulk  of  water,  we  can  deduce  the  specific  gravity  of  the 
brass  thus: 

Weight  of  Weight  of  same  Sp.  gr. 

brass  volume  of  water  of  brass. 

(20  Gm.)  -^ 

Now,  take  same  brass  weight,  hang  to  the  hook  from  which  the  scale 
of  the  balance  is  suspended,  immerse  in  water  contained  in  a  beaker 
held  independent  of  the  hanging  scale  pan,  and  weigh  immersed  in 
water. 

As  in  the  experiment  with  the  Mohr's  balance,  it  will  be  seen  that 
the  brass  weighs  less  in  water  than  in  air,  due  to  the  buoyant  force  of 
the  water.  Weight  in  air  minus  weight  in  water  equals  loss  of  weight 
in  water. 

If  the  operation  is  conducted  with  care,  it  will  be  found  that  the 
loss  of  weight  of  bra^s  in  water  is  exactly  the  same  a^  the  weight  of  the  water 
displaced  in  the  previous  experiment,  thus  proving  the  Aj^himedes 
theorem.  Lastly,  the  loss  of  weight  in  water  equals  the  weight  of  an 
equal  bulk  of  water,  hence,  when  more  convenient,  instead  of  find- 
ing the  weight  of  an  equal  bulk  of  water  by  the  test-tube  experiment, 
we  can  weigh  the  substance  in  water  and  deduce  specific  gravity  as 
follows: 
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Weight  brass  in  air  -r-  Loss  weight  brass  in  water  =  Sp.  gr.  of  brass. 
Specific  Gravity  of  Wax. — To  estimate  the  specific  gravity  of  a  body 
by  "loss  of  weight  in  water,"  the  substance  must  be  completely  im- 
mersed. Wax  and  many  other  substances  float  on  water,  and  to  get 
the  specific  gravity  of  such  a  body,  it  has  to  be  forced  beneath  the  sur- 
face of  water^  by  means  of  an  appropriate  weight,  say  the  20  Gm.  weight 
of  the  preceding  experiment.  The  loss  in  weight  of  such  a  sinker  under 
water  then  enters  into  the  calculation,  rendering  it  somewhat  more 
difficult,  as  the  following  data  must  be  taken: 

Weight  of  wax  in  air Gm. 

Weight  of  20  Gm.  brass  weight  in  air Gm. 

Weight  of  both  together  in  air Gm. 

Weight  of  both  together  in  water Gm. 

Loss  of  weight  of  both  together  in  water Gm. 

Loss  of  weight  of  brass  atone  in  water Gm. 

Loss  of  weight  of  wax  alone  in  water Gm. 

Then  apply  rule: 
Weight  of  wax  in  air  -f-  Loss  of  weight  of  wax  in  water  =  Sp.  gr.  of  wax. 

Remarks. — In  performing  this  experiment,  the  wax  must  be  firmly 
attached  to  the  silk  thread  by  which  the  brass  weight  is  suspended, 
and  both  immersed  well  under  water,  as  in  the  foregoing  experiment. 
In  all  cases  of  this  kind  great  care  must  be  exercised  in  removing  all 
air-bubbles  from  the  immersed  solids,  as  such  bubbles  render  the  solids 
more  buoyant,  and  hence  vitiate  the  results. 

When  wax  data  are  worked  out,  there  will  be  noticed  what  seems  at 
first  an  astonishing  fact — that  the  wax  loses  more  weight  in  waJter  than  it 
actually  possessed  in  air.  This  can,  however,  be  understood  if  we  re- 
member that  weight  is  a  purely  relative  state;  that  it  represents  the  down- 
ward force  of  the  earth's  gravitation  exerted  on  a  solid  with  naught  but 
the  air  to  interpose.  On  the  other  hand,  when  immersed  in  water,  the 
buoyant  force  of  that  liquid — the  repelling  force  of  its  molecules — 
pushes  the  solids  up  the  same  time  that  gravitation  is  drawing  it  dorjon. 

In  the  case  of  solids  lighter  than  water,  the  upward  force  of  the  water 
is  greater  than  the  downward  force  of  the  earth;  hence  the  "loss  of  weight 
in  water"  is  greater  than  "the  weight  in  air." 

Specifi4i  Gravity  of  Alum. — Many  solids  dissolve  in  water,  and  these 
cannot  be  weighed  in  water,  hence  in  such  cases  the  specific  gravity  of 
such  solids  must  be  determined  by  weighing  the  solid  in  some  liquid 
in  which  it  will  not  dissolve.  In  this  case  we  employ  the  oil  of  tur- 
pentine, the  specific  gravity  of  which  has  just  been  taken  with  the 
pyknometer. 

The  alum  suspended  by  silk  thread  is  weighed  in  air,  then  is  immersed 
in  a  beaker  containing  oil  of  turpentine,  and  weighed,  when  we  get  the 
following  data: 

Weight  of  alum  in  air  Gm. 

Wejight  of  alum  in  turpentine  Gm. 

Loss  of  weight  of  alum  in  turpentine  Gm. 

If  we  divide  the  weight  of  the  alum  in  air  by  its  loss  of  weight  in  turpen- 
tine, we  find  how  many  times  heavier  it  is  than  oil  of  turpentine.  This 
we  do  not  care  to  know;  what  we  want  to  know  is,  how  many  times  heav- 
ier it  is  than  water;  hence  we  must  indirectly  estimate  what  the  loss  of 
weight  of  the  alum  would  be  in  water.  This  we  can  figure  out  by  the 
following  proportion: 
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{ as  the  sp.  gr.  'I  -f  to  the  sp.  gr.  \  g^  /  the  loss  of  weight  \  j^  /  to  the  1o8B  of  1 
\  of  turpentine/      \      of  water      /      \      in  turpentine      /      \  weight  is  water/ 

:  1.000  ;:  :  x 

a  b  c 

b  Xc 

a 

Having  thus  deduced  loss  of  weight  of  alum  in  water,  we  estimate  its 

specific  gravity  by  the  regular  rule: 

Weight  in  air  of  alum  -r-  Loss  of  weight  in  water  =  Sp.  gr.  of  alum. 

PHARMACEUTIC  MANUFACTURmG 

MAKE  GRANXn.ATED  COPPER  SULPHATE 

Copper  sulphate 25  Gm. 

Water 35  mils 

Put  copper  sulphate  into  pint  flask,  add  the  water,  and  diflsolve  by 
aid  of  heat,  putting  flask  over  Bunsen  burner  on  wire  gauze.  When 
dissolved,  filter  through  plaited  filter  into  pint  evaporating  dish.  Put 
dish  on  wire  gauze,  and  evaporate  with  constant  stirring  imtil  pellicle 
forms  on  surface.  Then  take  from  heat  and  stir  constantly  until  coI4 
Throw  mass  on  plain  filter,  and  when  mother  liquor  has  drained  off, 
open  filter  and  dry  granules  between  sheets  of  paper. 

Notes. — Folding  plaited  paper  see  p.  133. 

Pellicle, — The  "  scum  "  of  crystals  forming  on  surface  of  the  evaporat- 
ing Uquid. 

Plain  Filter, — See  p.  133. 

Wet  both  filters  with  water  before  using. 

Avoid  formation  of  white  powder  (the  exsiccated  salt)  on  edges  of 
the  liquid. 

The  mother  liquor,  after  filtration,  can  be  thrown  away.  (See  p.  148.) 
Avoid  use  of  iron  spatula  in  all  this  work  with  chemicals.  Use  glass  rod 
whenever  possible. 

MAKE  GRANULATED  ALUM 

Alum 25  Gm. 

Water 25  mila 

Dissolve  the  alum  in  the  water  in  pint  flask,  as  directed  in  grano- 
lated  copper  sulphate,  filter  into  pint  evaporating  dish,  and  evaporate 
on  wire  gauze  with  constant  stirring  until  pellicle  forms.  Collect  gran- 
ules on  plain  filter — in  short,  treat  exactly  as  granulated  copper  sulphate. 

Remarks. — The  only  additional  precaution  is  to  avoid  evaporating 
too  far,  as  a  sticky  mass  (partially  exsiccated  alum)  will  result. 

MAKE  GRANULATED  POTASSIUM  CHLORATE 

Dissolve  25  Gm.  potassium  chlorate  in  65  mils  water  in  pint  flask, 
filter  through  plaited  filter  into  pint  evaporating  dish,  and  evaporate  on 
water-bdth  until  pellicle  forms.  Stir  until  cold,  and  collect  granules 
on  plain  filter  as  in  granulated  copper  sulphate. 

Remarks. — Water-bath, — See  p.  74. 

Used  because  the  chlorate  must  not  be  heated  intensely,  lest  it  de- 
composes—KClOs  =  KCl  +  30. 

Note  the   different   solubility  of  these  three  salts  in   hot  water 

MAKE  GRANULATED  FERROUS  SULPHATE 

Copperas 25  Gm. 

Water • 25  mils 

Diluted  sulphuric  acid 1.25  mils  (about  20  diopfl) 

Card  teeth sufficient  quantity 

Alcohol 6  mils 
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Place  the  ferrous  sulphate  in  pint  flask,  add  the  water  mixed  with 
the  acid,  and  lastly  add  a  pinch  of  card  teeth;  warm  gently  on  wire 
gauze  over  Bunsen  burner  until  dissolved  and  the  solution  is  a  green 
color.  Then  filter  through  plaited  filter  into  tared  evaporating  dish, 
and  evaporate  on  sand-bath  until  the  liquid  weighs  38  Gm.  Then  stir 
constantly  until  cool  and  throw  mass  on  to  funnel  stopped  with  plug 
of  absorbent  cotton. 

When  the  granules  are  completely  drained  of  the  mother  liquor, 
pour  the  alcohol  on  the  granules,  and  when  this  is  drained,  throw  gran- 
ules on  filter-paper  and  dry  quickly  without  aid  of  heat. 

Remarks. — This  is  practically  the  official  process  for  making  Ferri 
Sulphas  Granulatus,  U.S.P.     (See  p.  508.) 

Card  teeth  are  pieces  of  bright  iron  wire,  and  a  "pinch"  means  2  to  5 
Gm.  When  these  are  added  to  the  solution  in  the  presence  of  the  acid, 
hydrogen  is  produced  (note  evolution),  and  this  reduces  any  ferric 
sulphate  present  in  the  copperas  to  ferrous  sulphate.  This  change  is 
easily  noted  in  the  conversion  of  the  brownish  liquid  to  a  pure  green 
tint. 

Tared  dish  means  that  the  evaporating  dish  must  first  be  weighed, 
and  it  is  well  to  mark  with  lead-pencil  its  weight  on  the  outside  of  the 
dish.  The  liquid  is  then  evaporated  until  dish  and  contents  weigh  the 
weight  of  the  dish  plus  38  Gm. 

Sand-4)ath. — Any  flat  dish  containing  sand  will  do.     (See  p.  73.) 

Collection  of  Granules. — Observe,  instead  of  using  a  plain  filter,  the 
granules  are  collected  on  a  plug  of  cotton  in  neck  of  funnel.  This  is  to 
get  the  water  off  as  quickly  as  possible,  since  green  ferrous  sulphate  is 
very  easily  converted  (at  least  partially)  into  red-brown  ferric  sulphate, 
especially  when  water  is  present. 

Washing  with  alcohol  is  done  to  remove  last  traces  of  water,  and 
the  granules,  when  thrown  on  filter-paper,  are  wet  with  alcohol  and 
not  with  water.  Alcohol  being  more  volatile,  the  granules  dry  more 
quickly. 

Dry  at  Low  Heat. — No  artificial  heat  must  be  used,  else  the  green 
granules  will  change  to  a  white  powder — to  the  effloresced  salt.  So 
soon  as  dry,  the  granules  should  be  bottled. 

Granular  salts  are  preferable  to  crystals  in  prescription  work,  because 
more  easy  to  weigh  and  to  dissolve.  They  usually  save  the  necessity 
of  powdering  in  a  mortar. 

IXAKE  CRYSTALLINE  SODIUM  SULPHATE 

Dissolve  50  Gm.  sodium  sulphate  in  20  mils  warm  water  (not  boiling) 
in  pint  flask,  and  filter  into  beaker  glass.  Let  stand,  and  note  sudden 
formation  of  crystals  with  evolution  of  some  heat.  Let  stand  until 
next  day,  and  then  collect  crystals  on  plain  filter  and  dry.  The  mother 
liquor  which  drains  off  may  be  evaporated  some  and  may  yield  another 
batch  of  crystals,  though  not  so  fine  nor  so  pure  as  the  first. 

Remarks. — The  sudden  formation  of  crystals  occurs  only  when 
conditions  a^-e  just  right.     (See  p.  443.) 

Filtration. — In  all  cases  where  filtration  is  for  yie  purpose  of  clearing 
a  liquid,  a  plaited  filter  is  used.  In  case  the  solid  part — be  it  in  the  form 
of  granules,  crystals,  or  precipitates — are  wanted,  plain  filters  are  em- 
ployed. (See  p.  133.)  Whenever  aqueous  liquids  are  to  be  filtered, 
the  filter-paper  should  be  first  wet  with  water. 
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,  HAKE  CRYSTALUNE  FERROUS  SXJLPHATE 

Put  25  Gm.  copperas  in  pint  flask,  and  add  thereto  25  mils  water 
and  5  mils  diluted  siilphuric  acid  and  a  pinch  of  card  teeth,  and  dissolve 
with  gentle  heat.  Filter  into  beaker,  and  put  in  a  pinch  of  card  teeth 
and  let  stand  until  good  ''crop"  of  crystals  are  obtained.  (Say,  one 
to  three  da3n3.)    Collect  these  on  plain  filter  and  dry. 

Remarks. — This  process  resembles  making  granulated  ferrous  sul- 
phate, for  remember  that  granules  are  merely  minute  crystals.  (See 
p.  151.) 

Card  teeth  are  added  to  filtered  liquid  to  keep  the  crystallizing  ferrous 
sulphate  from  being  oxidized  to  ferric  sulphate.  They  should  be  care- 
fully removed  from  the  finished  crystals. 

The  mother  liquor  may  be  concentrated;  when  more,  but  poorer, 
crystals  are  obtained. 

ZXAKE  ROCK  CANDY 

Dissolve  25  Gm.  sugar  in  10  mils  water  by  means  of  gentle  heat  in 
Erlenmeyer  flask;  transfer,  without  filtering,  into  test-tube,  stick  a 
glass  rod  or  piece  of  twine  therein,  and  let  stand  several  days.  The 
sugar  will  crystallize  on  sides  of  tube  and  on  rod  in  large  crystals. 

'  Remarks. — The  sugar  solution  (syrup)  is  too  thick  to  filter.  Rock 
candy  is  made  commercially  by  pouring  such  a  thick  sjnnp  into  wooden 
vats  containing  frames  strung  with  cord,  and  the  sugar  in  crystallizing 
deposits  on  the  cords,  making  the  rock  candy  in  strings.  The  cord  acts 
as  a  nucleus.     (See  p.  148.) 

ZXAKE  EXSICCATED  ALUM 
Recipe. — ^Aluin,  in  small  pieces 20  Gm. 

To  make . .      11  Gm. 

Place  the  alum  in  a  tare4  shallow  porcelain  dish  so  as  to  form  a  thin 
layer,  and  heat  it  on  a  sand-bath  until  it  liquefies.  Then  continue  the 
application  of  a  moderate  heat,  with  constant  stirring,  until  aqueous 
vapor  ceases  to  be  disengaged,  and  a  dry,  white,  porous  mass  weighing 
11  Gm.  is  obtained.  When  cold,  reduce  the  product  to  a  fine  pK)wder, 
and  preserve  it  in  well-stoppered  bottles. 

Remarks  on  Process, — The  recipe  just  given  is  similar  to  but  not  iden- 
tical with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  sho^d  be  carefully  compared  by  the  student. 

Remarks. — Exsiccation  is  driving  off  water  of  crystallization  from 
a  crystal,  and  is  here  directed  to  be  performed  to  show  the  student  that 
a  dry  crystal  does  contain  water,  and  that  in  large  amounts. 

On  heating,  the  crystal  liquefies  by  dissolving  in  the  crystal  water, 
and  on  further  heating  the  water  can  be  seen  to  vaporize,  and  if  wanted, 
the  steam  can  be  condensed  on  some  cold  surface.  The  loss  of  water  is 
is  shown  in  the  fact  that  20  Gm.  of  crystal  alum  yields  only  11  Gm.  dried 
alum,  representing  a  loss  of  9  Gm.  of  water,  or  45  per  cent- — %o  X 100  =  45 
per  cent. 

What  is  the  actual  percentage  of  water  in  KjAl»(S04)4+24HiO. 
Estimation  by  molecular  weight  (p.  363). 

The  dish  must  be  tared  and  the  mass  heated  until  it  weighs  1 1  Gm. 
plus  weight  of  dish.  Be  sure  to  wipe  all  sand  off  dish  before  weighing, 
and  also  scrape  all  adhering  alum  from  stirring  rod  and  put  into  dish. 

Stirring  the  tough  mass  is  a  matter  of  some  difficulty.  Best  accom- 
pUshed  by  holdng  a  glass  rod  firmly  down  across  top  of  dish  and  stirring 
with  a  smaller  rod. 
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BIAKE  EXSICCATED  FERROUS  SULPHATE 

Recipe. — Ferrous  sulphate,  in  coarse  powder 20  Gsn. 

Allow  the  salt  to  effloresce  at  a  temperature  of  about  40**C.,  in  dry  air, 
and  then  heat  it  in  a  porcelain  dish,  on  a  water-bath,  constantly  stirring, 
until  the  product  weighs  about  13  Gm.  Lastly,  reduce  the  residue  to  a 
fine  powder,  and  transfer  it  at  once  to  perfectly  dry,  well-stoppered  bottles. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not  identi- 
cal with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student. 

Remarks. — Effloresce,  losing  water  of  crystallization  at  low  tempera- 
tures (p.  161).  Effloresce  and  finally  exsiccate  at  low  temperature,  to 
avoid  possible  oxidation. 

Note  change  from  green  crystals  to  a  gray-white  powder. 

Note  loss  in  weight  from  20  Gm.  to  13  Gm.,  a  loss  of  7  Gm.  water, 
or  35  per  cent.  (%o  X 100  =  35). 

This  is  not  all  the  water  in  the  crystals.  Estimate  by  molecular 
weight  percentage  in  FeS04+7H20. 

SUBLIME  BENZOIC  ACID 

Take  benzoin  (say,  5  to  10  Gm.),  rub  with  about  twice  the  quantity 
of  sand,  and  put  in  tin  ointment  box.  Cover  with  paper  cornucopeia, 
and  heat  on  sand-bath  not  exceeding  120^0.  for  an  hour.  Then  open 
paper  and  note  small  shining  crystals  (Fig.  149). 

Remarks. — Sublimation.     (See  p.  106.) 

For  condensing  the  vapor  of  solids,  cool  air  is  usually  sufficient. 
Avoid  high  heat,  as  it  causes  decomposition,  with  formation  of  very 
irritating  vapors. 

SUBLIME  CAUPHOR 

Take  lump  of  camphor  (5  to  10  Gm.)  and  put  in  small  evaporating 
dish.  Cover  same  with  small  inverted  funnel,  which  should  fit  inside 
the  dish,  and  place  over  neck  of  same  the  beaker.  Place  on  water-bath 
and  heat.  The  camphor  sublimes,  and  its  vapors  condense  in  funnel  and 
beaker  in  handsome  crystals  (Fig.  107). 

POWDER  FOLDING  AND  WRAPPING 

Camphor .5  Gm.  (powder  with  a  few  drops  of  alcohol). 

Zinc  oxide 5  Gm. 

Triturate  together  in  mortar,  divide  by  eye  into  12  papers,  fold,  put 
into  box,  and  wrap  box,  making  neat  package. 

Remarks. — Powdering  camphor  is  an  example  of  pulverization  by 
intervention  (p.  118). 

Folding  of  Powder  Papers. — Crease  all  papers,  lay  down  evenly, 
and  proceed  as  on  p.  285. 

Wrap  box  in  paper  neatly,  as  explained  on  p.  286. 

The  division  of  the  powders  can  be  gotten  accurately  only  by  weighing 
each  separately.     In  this  case  each  powder  should  weigh — 

^-^  =  Gm.,  or  0.83  Gm. 

The  process  is  not  difficult  after  one  becomes  expert  at  it.  In  this  case 
divide  by  eye  (see  p.  286),  and  then  prove  the  uncertainty  of  this  plan 
by  weighing  three  finished  powders  taken  at  random. 
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DRUG  GRINDING 

Reduce  gentian  root  by  means  of  mill  or  iron  mortar  to  a  No.  30 
powder,  using  a  No.  30  sieve  in  the  work.  Take  50  Gm.  of  the  powder 
and  make  into  a  neat  package.      (See  p.  289.) 

MAKE  FLUIDEZTRACT  OF  GENTIAN 

Gentian 50  Gm. 

Diluted  alcohol,  U.S.P q.8. 

Put  drug  into  pint  evaporating  dish,  and  moisten  with  50  mils  dilute 
alcohol;  put  into  S-ounce  wide-mouthed  bottle,  cork,  and  let  stand  forty- 
eight  hours.     Then  percolate. 

PERCOLATION 

Take  percoUtor,  put  cork  and  percolating  tubing  (p.  164)  into  neck, 
and  pour  water  in  to  see  if  it  leaks.  If  it  does  not  leak,  pour  out  water^ 
remove  the  cork  and  tubing  and  wipe  percolator  dry;  insert  plug  of  cotton 
in  neck  of  percolator  and  a  layer  of  cotton  on  that.  Then  pour  in  the 
moist  gentian  and  pack  firmly  with  gentle  and  uniform  pressure.  Then 
cut  a  piece  of  filter-paper  so  as  to  fit  inside  the  percolator,  and  place  this 
on  top  of  the  packed  drug,  laying  a  piece  of  glassy-glass  stopper — on  top 
to  hold  the  paper  down.  Then  fit  the  rubber  tubing  and  cork  to  percola- 
tor again,  place  percolator  on  ring  (p.  160)  pour  on  the  drug  100  to  150 
mils  diluted  alcohol,  and  cover  top  of  percolator  in  some  way  to  prevent 
evaporation.  Place  percolator  tubing  into  8-ounce  wide-mouthed  bottle, 
which  has  been  previously  graduated  to  40  mils.  Let  percolation  proceed 
at  the  rate  of  2  to  5  drops  a  minute,  regulating  the  flow  by  raising  the  re- 
ceiver if  it  runs  too  rapidly,  or  lowering  same  if  it  runs  too  slowly.  When 
40  mils  of  percolate  have  dropped  through,  let  the  percolate  drop  into  pint 
flask  and  cork  the  wide-mouthed  bottle  containing  first  percolate,  labeling 
it  "reserved  portion."  Continue  percolating  into  pint  flask  until  the  drug 
is  exhausted  (perhaps  more  than  a  pint  of  percolate  will  be  necessary), 
and  when  this  accomplished,  cork  the  pint  flask  and  label  "weak  percolate." 
It  is  needless  to  say  that  as  the  first  menstruum  (the  diluted  alcohol) 
passes  through  the  drug,  more  menstruum  is  poured  on,  care  being  taken 
always  to  have  some  menstruum  covering  the  drug.  When  the  drug  is 
exhausted,  the  weak  percolate  is  to  be  distilled. 

Remarks. — Percolation, — For  full  description,  see  p.  161. 

Testing  ^Percolator  Fittings. — ^This  is  essential,  for  if  the  tube  leaks 
the  percolation  will  prove  a  messy  business. 

Plug  with  Cotton. — This  can  best  be  done  with  a  long  glass  rod  or 
tube,  though  a  piece  of  wire  answers.  The  percolator  must  be  perfectly 
dry. 

Handling  the  Drug. — Grind  to  only  No.  30  powder,  because  the  cells 
of  gentian  are  large,  and  most  of  them  are  ruptured  when  in  No.  30 
powder.     (See  p.  117.) 

Moistened  before  packing,  so  as  to  permit  the  drug-cells  to  swell. 
If  put  in  percolator  dry  and  menstruum  then  poured  on,  the  drug  swells 
so  much  that  percolation  is  impeded.     (See  p.  161.) 

Pack  Drug  Evenly. — If  one  side  is  packed  more  loosely  than  the  other, 
the  menstruum  will  run  down  the  looser  side,  and  that  tightly  packed 
will  not  be  exhausted.  Uneven  packing  is  shown  in  the  descent  of  the 
first  menstruum  through  the  drug.  Should  pass  down  in  a  perfect  ring. 
(See  p.  162.) 
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Percolation. — Do  not  pack  too  tighUyy  else  the  percolate  will  drop 
too  slowly.  Sometimes,  under  these  circumstances,  the  percolate  re- 
fuses to  drop,  and  the  only  thing  to  do  is  to  empty  out  drug  and  pack 
again.  Sometimes  the  percolate  can  be  "coaxed"  into  dropping  by  apply- 
ing suction  at  end  of  tube,  or  by  filling  percolator  with  menstruum.  If 
the  first  40  mils  heavy  percolate  can  be  gotten  through,  the  lighter  weak 
percolate  will  usually  run  without  trouble. 

Fitter-paper  on  top,  to  keep  upper  layer  of  powder  from  floating  to  top 
of  menstruum.     Glass  weight  holds  the  filter-paper  down. 

Reserve  First  40  Mils. — If  properly  percolated  the  first  40  mils  is  sup- 
posed to  contain  the  soluble  principles  of  about  40  Gm.  of  drug. 

Percolate  to  Exhaustion, — The  strength  of  the  remaining  10  Gm. 
of  drug  is  hard  to  reniove,  requiring  about  ten  times  the  amoimt  of 
menstruum  as  does  the  reserved  portion.  Percolate  until  the  drops  of 
liquid  are  only  a  faint  straw  color  and  almost  devoid  of  bitterness. 

Menstruum, — The  solvent  used  in  exhausting  drug.  In  this  case 
the  menstruum  is  diluted  alcohol,  U.S.P. — equal  volumes  of  alcohol 
and  water. 

Keep  Drug  Covered  with  Menstruum. — If  not,  the  menstruum  in  the 
upper  layers  evaporates,  leaving  fissures,  and  when  fresh  menstruum 
is  poured  on,  it  will  run  through  the  fissures  rather  than  through  the  drug. 

Distillation  of  Weak  Percolate.— Fit  pint  flask  about  half  filled 
with  weak  percolate  with  a  cork,  bore  hole  through  cork  with  rat-tail 
file  or  with  cork-cutter,  and  in  this  hole  snugly  fit  a  piece  of  glass  tubing 
bent  to  an  angle  of  60  degrees;  pass  the  other  end  of  this  tube  through 
hole  in  a  cork,  fitting  into  neck  of  Liebig  condenser. 

Immerse  flask  in  water-bath,  preventing  direct  contact  with  bottom 
by  having  rest  on  wad  of  paper.  Connect  flask  and  condenser,  fastening 
latter  in  place  with  appropriate  clamps,  and  pass  a  stream  of  water  through 
condenser,  entering  from  the  lower  end  and  emerging  from  top.  Get 
water  either  from  water  main  or  by  syphoning  from  pan  of  water  placed 
on  shelf. 

Start  heat  under  water-bath  and  continue  lively  heat,  replenishing 
water  in  bath  when  necessary.  Collect  distillate  in  second  pint  flask, 
and  continue  distillation  until  over  half  of  the  weak  percolate  has  dis- 
tilled over.  Then  pour  residue  in  pint  evaporating  dish,  and  evaporate 
on  water-bath  with  constant  stirring  until  residue  is  of  the  consistency 
of  soft  extract. 

Remarks. — Big  up  distilling  apparatus  as  on  p.  95. 

For  glass  bending  and  cork  boring,  see  p.  97. 

Condensing  water  run  in  lower  end  of  condenser — not  the  upper  end, 
as  the  heated  water  rises  and  must  be  removed  from  highest  levd. 

Only  about  three-fourths  of  the  percolate  is  distilled,  since  percolate 
is  only  half  alcohol,  and  that  is  what  we  wish  to  save.  Since  the  water 
is  of  no  value,  we  evaporate  it  in  open  air,  as  it  will  evaporate  more 
quickly  that  way  than  by  distillation. 

The  alcoholic  strength  of  the  distillate  can  be  estimated  by  taking  its 
specific  gravity  and  referring  to  alcohol  table  in  the  pharmacopoeia. 

Do  not  have  the  distilling  flask  full  of  percolate,  as  it  will  distil  too 
slowly  or  froth  over  into  condenser.  If  you  have  a  pint  of  percolate 
or  over,  add  same  to  distilling  flask  in  portions,  pouring  in  new  portions 
as  that  part  already  in  flask  has  evaporated. 

Evaporate  Residue  with  Constant  Stirring. — Remember  that  the  residue 
is  now  aqueous,  and  that  you  cannot  boil  water  on  a  water-bath.    Re- 
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member  that  evaporation  below  the  boiling-point  can  be  rapidly  accom- 
plished only  by  constant  stirring.  If  the  dish  is  left  on  water-bath 
without  stirring,  the  evaporation  will  be  very  slow. 

Finishing. — The  soft  extract  is  dissolved  in  the  reserve  portion,  and 
the  mixture  poured  into  a  graduate.  The  evaporating  dish  is  washed 
out  with  about  5  mils  diluted  alcohol,  and  this  poured  into  the  graduate, 
and  then  enough  diluted  alcohol  is  added  to  make  finished  fiuidextract 
measure  50  mils.  The  mixture  is  thoroughly  stirred,  and  so  made 
constitutes  Fiuidextract  of  Gentian,  U.S.P. 

Remarks. — The  weak  percolate  is  evaporated  to  soft  extract — most  of 
the  water  is  driven  from  it — ^lest  that  water  precipitate  some  of  the 
principles  dissolved  in  the  reserved  portion. 

The  finished  fiuidextract  is  usually  filtered  after  standing  some  months. 
All  large  manufacturers  let  their  fiuidextracts  thus  ''age''  for  from  six 
months  to  a  year,  so  that  when  bottled  and  shipped,  no  further  precipita- 
tion is  apt  to  occur. 

BIAKE  FLmDEXTRACr  GENTIAN  BY  REPERCOLATION 

The  method  of  making  fiuidextract  by  repercolation  is  given  because 
of  its  historical  interest.  The  writer  (Arny  and  Oxley,  A.Ph.A.,  58, 
1910, 1104)  has  shown  that  in  the  hands  of  the  average  worker,  the  process 
of  repercolation  does  not  yield  a  product,  1000  mils  of  which  represents 
1000  grammes  of  drug.  Recognizing  this  fact  the  present  pharmacopoeia 
does  not  recommend  the  use  of  repercolation  in  making  fluidextracts 
but  suggests  a  variety  of  fractional  percolation.  For  detaols  see  U.S.P., 
p.  175  and  also  p.  242  of  this  book. 

The  Process. — Weigh  out  50  Gm.  of  the  drug  allotted,  moisten  it 
with  50  mils  of  the  menstruum  directed  by  the  U.S.P.,  and  macerate  in  an 
8-ounce  wide-mouthed  bottle  for  the  time  directed  by  the  pharmacopoeia, 
At  the  end  of  this  time  pack  in  percolator,  as  directed  on  p.  161,  and 
percolate  exactly  as  there  described,  with  one  exception.  This  exception 
is  the  caring  for  the  successive  portions  of  the  percolate  by  putting  it 
in  separate  bottles.  Clean  and  label  six  bottles.  An  8-ounoe  bottle 
label  "Finished  Fiuidextract;"  four-ounce  bottles  labeled  "weak  perco- 
late No.  1,''  "weak  percolate  No.  2,"  "weak  percolate  No.  3,"  "weak 
percolate  No.  4,"  respectivdy.  Lastly,  a  pint  bottle  labeled  "weak 
percolate  No.  5." 

Collect  the  percolate  in  an  8-oimce  wide-mouthed  bottle,  previously 
measured  and  marked  40  mils  and  50  mils  by  scratching  with  a  file. 
Pour  the  first  40  mils  of  precolate  into  "finished  fiuidextract"  bottle, 
the  next  50  mils  in  "weak  percolate  No.  1"  bottle,  and  the  following 
50  mils  portions  into  "weak  percolate  No.  2, 3,  and  4"  bottles,  respectively. 
Lastly,  percolate  the  drug  to  exhaustion,  collecting  all  this  percolation 
into  "weak  percolate  No.  6"  bottle. 

When  "weak  percolate  No.  1"  and  "weak  percolate  No.  2"  are 
collected,  a  second  batch  of  50  Gm.  of  drug  is  weighed  and  moistened 
with  "weak  percolate  No.  1;"  macerate  it  the  required  time,  pack  in  per- 
colator, and  pour  on  "weak  percolate  No.  2."  When  this  has  almost  all 
run  through,  add  "weak  percolate  No.  3,"  then  "weak  percolate  No.  4," 
then  "weak  percolate  No.  5,"  and,  lastly,  menstruum  enough  to  exhaust. 

Collect  the  percolate  in  the  8-ounce  wide-mouthed  receiving  bottle 
and  put,  first,  50  mils  of  percolate  into  "finished  fiuidextract"  bottle  the 
second  50  mils,  into  now  empty  "weak  percolate  No.  1"  bottle,  the  next 
into  "weak  percolate  No.  2"  bottle,  the  fourth  and  fifth  50  mils  batches 
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into  bottles  Nos.  3  and  4,  and  the  rest  of  the  percolate  to  exhaustion  in 
"weak  percolate  No.  5"  bottle.  When  "weak  percolate  No.  1"  and  "weak 
percolate  No.  2"  from  the  second  batch  of  drug  are  obtained,  weigh 
out  a  third  batch  of  50  Gm.  drug  and  treat  it  exactly  as  you  did  the  second 
batch.  When  this  third  batch  has  been  percolated  far  enough,  that  is, 
when  weak  percolates  Nos  1.  and  2  have  been  obtained  from  it,  get  a 
fourth  batch  of  50  Gm.  drug  started,  macerating  and  percolating,  inaking 
it  exactly  as  you  did  batches  Nos.  2  and  3. 

When  this  fourth  batch  of  drug  is  exhausted,  the  operation  is  at  an 
end,  and  we  will  have,  as  the  result,  40+50+50+50,  or  190  mils  finished 
fluidextract  from  the  200  Gm.  of  drug  and  weak  percolates  Nos.  1, 2, 3, 4, 
and  5. 

These  weak  percolates  are  to  be  securely  corked  and  placed  in  a  safe, 
cool  place,  there  to  rest  imtil  more  of  the  same  fluidextract  is  needed. 
Then  they  are  to  be  taken  out,  a  new  batch  of  50  Gm.  of  drug  weighed 
out  and  macerated  and  percolated,  exactly  as  before,  and  the  process 
repeated  three  times,  thus  making  200  mils  finished  fluidextract  from  the 
200  Gm.  of  drug. 

MAKES  PILLS  OF  ACETANILIDE 

Powdered  acetanilide 1  Gm. 

Put  on  pill-tile,  and  bring  in  contact  with  a  spatula  containing  a 
sufficient  amount  of  excipient.  Knead  the  excipient  into  the  powder 
by  means  of  the  spatula  until  a  pliable  pill  mass  is  obtained.  Scrape  the 
mass  into  one  lump,  dust  the  pill-tile  with  powdered  starch,  roll  the  pill 
mass  out  with  the  spatula  into  a  cylinder  Uke  a  pencil  until  it  is  the  length 
of  ten  divisions  on  the  scale  on  the  tile.  Then  cut  the  cylinder  with  spatula 
into  ten  equal  parts,  and  roll  each  between  dean  thumb  and  forefinger 
until  perfectly  spheric.  Then  put  in  pill  box,  dust  with  starch,  wrap  box 
in  paper,  making  a  neat  package  (p.  2S8). 

Remarks. — Excipient. — Substance  used  to  make  drugs,  liquids  as  well 
as  solids,  into  plastic  mass  (p.  304). 

A  good  excipient  for  powders  is  glycerite  of  tragacanth : 

Powdered  tragacanth 3  drachms 

Triturate  with  glycerin 3  fiuidrachms 

Then  add  water Ji  fluidounce. 

Transfer  jelly  into  appropriate  jars. 

The  amount  of  excipient  required  can  be  learned  only  by  experience. 
Roughly  speaking,  in  above  case  a  lump  about  the  size  of  a  pea  should 
suffice.  To  make  a  good  mass  the  entire  amount  of  excipient  required 
should  be  added  at  one  time. 

//  mass  is  too  soft,  add  another  1  Gm.  powdered  acetanilid  and  make 
20  pills. 

Masses  are  rnade  on  tiles  only  when  small  amounts  of  pills  are  to  be 
made,  and  when  there  is  no  difficulty  in  forming  the  mass. 

Pliable  PiU  Mass,— See  p.  304. 

Cutting  pills  on  tile  vnth  spatula  gives  irregular  results.  Every  drug- 
store shoidd  have  a  pill-cutter.     (See  p.  306.) 

Pills  are  dusted  to  prevent  their  sticking  together.  White  pills  should 
be  dusted  with  powdered  starch;  dark  pills,  with  lycopodium. 
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HAKE  COBIPOUND  CATHARTIC  PILLS 

Recipe. — Coinpouiid  extract  of  colocyntfa 2^00  Gm. 

Mila  mercmotts  chloride 1.60  Gm. 

Resin  of  jalap,  in  fine  powder 0.00  Gm. 

Gamboge,  in  fine  powder 0.37  Gm. 

Diluted  alcohol,  a  sufficient  quantity,  

To  make  ...    26  pills. 

Mix  the  powders  intimately,  then  incorporate  a  sufficient  quantity 
of  diluted  alcohol  to  form  a  mass,  and  divide  it  into  25  pills. 

Remark  on  Process. — The  recipe  just  given  is  similar  to  but  not  identi* 
cal  with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student.  In  trituraiing 
powders  always  first  rub  up  the  ingredients  prescribed  in  smallest  amount 
with  a  small  quantity  of  the  other  substances,  and  add  the  rest  of  the 
drugs  gradually  with  constant  stirring — this  to  insure  thorough  blending 
of  the  most  potent  drugs. 

The  excipient  in  this  case  is  diluted  alcohol,  the  compound  extract 
of  colocynth  containing  soap  and  aloes,  which  combine  with  the  water 
to  make  a  plastic  mass.  Five  drops  should  suflice,  provided  enough 
"elbow  grease'*  is  used.  In  fact,  if  the  mortar  is  warmed  and  the  pestle  is 
handled  vigorously,  the  mass  can  be  formed  without  use  of  diluted 
alcohol. 

Working  up  the  mass  in  a  mortar  with  a  pestle  is  a  process  hard  to 
explain  by  words.  The  pestle  is  firmly  grasped  in  the  right  hand  with  the 
end  of  the  handle  resting  against  the  center  of  the  palm,  while  the  mortar 
is  held  fast  with  the  left  hand.  The  mass  is  worked  by  pressing  down 
on  it  with  the  pestle  with  a  rotary  movement  to  the  right.  From  time 
to  time  the  mass  is  carefully  scraped  from  the  pestle  and  from  the  sides  of 
the  mortar  and  worked  again,  the  process  being  continued  until  a  thor- 
oughly plastic  mass  results. 

Cutting  the  cylinder  into  pills  must  be  done  indirectly  when  the  scale 
on  the  piU-tile  is  for  ten  or  twenty  pills,  if  twenty-five  pills  are  directed. 
If  the  scale  has  twenty  markings,  roll  the  cylinder  out  to  twenty  and  cut 
into  five  equal  lengths  (four  spaces  each).  Then  take  each  length  and 
roll  until  it  is  five  spaces  long,  and  cut  into  five  pills.  Treating  the  other 
lengths  similarly,  we  have  in  the  end  twenty-five  piUs.  It  is  needless 
to  say  that  great  care  should  be  taken  to  have  the  cylinder  of  exactly  the 
same  thickness  through  its  entire  length. 

Roll  pills  between  the  first  finger  and  thumb  as  in  making  pills  of 
acetanilide. 

l>ust  piUs  with  lycopodium. 

fiXAKE  Pn.LS  OF  PHOSPHORUS 

Recipe, — ^Phosphorus 0,016  Gm. 

Althea,  in  No.  60  powder 1.600  Gm. 

Acacia,  in  fine  powder Oi760  Gm. 

Chloroform, 
Glycerin, 
Water, 
Balsam  of  Tolu, 

Ether,  each,  a  sufficient  quantity,  

To  make  ...    26  pills. 

Dissolve  the  phosphorus,  in  a  test-tube,  in  IJ^  mils  of  chloroform, 
with  the  aid  of  a  very  gentle  heat,  replacing  from  time  to  time  any  of 
the  chloroform  which  may  be  lost  by  evaporation.  Mix  the  althsA 
and  acacia  in  a  mortar,  next  add  the  solution  of  phosphorus,  then  immedi- 
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atdy  afterward  a  sufficient  quantity  (about  1  mil)  of  a  mixture  of  two 
volumes  of  glycerin  and  one  volume  of  water,  and  quickly  form  a  mass; 
divide  it  into  25  pills. 

Dissolve  10  Gm.  balsi^m  of  Tolu  in  15  mils  of  ether,  shake  the  pills 
with  a  sufficient  quantity  of  this  solution  until  they  are  uniformly  coated, 
and  put  them  on  a  plate  to  dry,  occasionally  rolling  them  about  until  the 
drying  is  completed. 

Keep  the  pills  in  a  well  stoppered  bottle. 

Remarks  on  Process. — The  recipe  j ust  given  is  similar  to  but  not  identi- 
cal with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student. 

Handling  the  phosphorus  must  be  done  with  care,  as  it  is  very  unstable, 
igniting  spontaneously  when  exposed  too  long  to  the  air.  Phosphorus 
should  always  be  weighed  under  water,  that  is,  a  beaker  or  other  vessel 
containing  water  should  be  counterpoised  on  the  scale,  and  the  phosphorus 
immersed  in  water  while  weighing.  In  the  same  way  the  large  piece  of 
phosphorus  should  be  cut  while  under  water  contained  in  pint  evaporating 
dish. 

The  cutting  of  phosphorus  is  easy,  since  it  is  a  soft,  waxy  solid,  readily 
sliced  with  an  ordinary  knife.  Always  cut  oflf  the  outer  oxidized  layer, 
and  use  the  fresh  phosphorus  from  the  middle  of  the  stick. 

The  solution  of  phosphorus  is  made  by  quickly  freeing  the  weighed 
phosphorus  from  adhering  water  by  pressing  between  filter-paper  and 
dropping  the  lump  into  the  chloroform  contained  in  a  test-tube  before 
the  phosphorus  has  time  to  ignite.  If  the  phosphorus  dissolves  slowly 
in  the  chloroform,  the  solution  can  be  aided  by  the  use  of  gentle  heat, 
adding  extra  chloroform  to  make  up  for  loss  of  evaporation. 

The  nuiss  miMst  be  worked  up  as  rapidly  as  possible  lest  it  catch  fire. 
If  it  does  ignite,  carry  to  sink  and  turn  on  the  water  from  the  faucet. 

Use  enough  excipient  to  make  a  rather  soft  mass,  for  a  firm  mass 
becomes  rubber-like  on  rolling  out.     Ten  to  twelve  drops  usually  suffice. 

In  cutting  the  piU  cylinder  use' the  same  plan  as  with  compound  cathar- 
tic pillfi  if  the  pill-tile  scale  has  not  twenty-five  spaces.  Use  lycopodiimi 
as  a  dusting-powder. 

Coating  the  pills  does  not  yield  handsome  results;  in  fact,  no  pill  coating 
can  be  well  done  without  special  appliances.  (See  p.  308.)  In  this  special 
case  the  coating  is  not  put  on  to  enhance  the  appearance  of  the  pill,  but 
to  protect  it  from  atmospheric  action  (p.  312).  In  coating,  put  pills  in 
small  dish,  pour  on  ten  to  twenty  drops  of  the  tolu  solution,  and  rotate 
until  dry.    Then,  if  necessary,  add  more  tolu  solution  and  rotate  further. 

PUT  UP  CONSEALS 

Pulverized  sugar 6  Gm. 

Put  up  in  six  conseals  (No.  1  size)  by  directions  found  on  conseal 
apparatus.     (See  p.  297.) 

HAKE  LOZENGES  OF  POTASSIUM  CHLORATE 

Recipe, — Potassium  chlorate,  in  fine  powder 1.8    Gm. 

Sugar,  in  fine  powder • 7.2    Gm. 

Tragacanth,  in  fine  powder 0.36  Gm. 

Water,  a  sufficient  quantity,  

To  make . .   12  troches. 

Mix  the  sugar  with  the  tragacanth  by  trituration  in  a  mortar;  then 
transfer  the  mixture  to  a  sheet  of  paper,  and  by  means  of  a  bone  spatula 
mix  with  it  the  potassium  chlorate,  being  careful  to  avoid  unnecessary 


982  PRINCIPLES   OF   PHARMACY 

trituration  or  pressure  which  might  cause  the  mixture  to  ignite  or  explode. 
Lastly,  form  a  mass  with  water  and  divide  into  twelve  troches. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not  identi- 
cal with  that  given  in  the  present  edition  of  •  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student. 

Beware  of  trituration  of  dry  potassium  chlorate  with  sugar  or  other  oxi- 
dizable  substances,  as  a  frightful  explosion  is  apt  to  occur.  Hence  the 
pharmacopoeia  directs  mixing  these  ingredients  on  paper  with  bone  spat- 
ula. A  metallic  spatula  can  be  used,  however,  if  one  is  cautious  in  the 
manipulation. 

Working  ike  powders  into  a  mass  can  be  safely  done  with  mortar  and 
pestle,  provided  the  mass  is  well  moistened.  Do  not  use  too  much  water, 
however,  lest  a  very  soft  mass  results — 1  mil  should  suffice. 

Roll  out  the  mass  as  if  it  were  biscuit  dough,  but  do  not  roll  too  thin. 
In  making  twelve  lozenges  the  mass  is  generally  rolled  out  broad  enough 
comfortably  to  cut  eight  lozenges.  The  scraps  are  then  worked  up  and 
rolled  out  so  that  three  lozenges  can  be  cut,  and  the  scraps  now  remaining 
should  be  just  enough  to  make  the  twelfth  lozenge — no  more,  no  less. 

Both  pills  and  lozenges  should  be  air-dried  before  putting  away.  If 
bottled  while  moist,  they  will  grow  moldy. 

MAKB  BBLLADONlf  A  SUPPOSITORIBS 

Extract  of  belladonna 0.32 

(Ml  of  theobroma 10.00 

Make  five  suppositories. 

Weigh  the  extract  out  on  a  piece  of  paper  and  transfer  by  means 
of  a  spatula  to  the  point  of  the  pestle,  and  make  into  paste  with  about 
five  drops  water  in  a  warm  mortar. 

In  the  meanwhile  melt  the  oil  of  theobroma  in  small  evaporating  dish 
on  water-bath,  and  when  completely  fused,  pour  about  one-tenth  of  the 
oil  into  warm  mortar  containing  the  extract.  Triturate  until  a  complete 
blending  of  the  oil  and  the  extract  takes  place,  and  then  transfer  the  still 
liquid  mass  into  the  rest  of  the  oil  of  theobroma  in  the  dish,  carefully 
scraping  all  from  mortar  and  pestle  by  means  of  spatula. 

Mix  the  extract  thoroughly  with  the  molten  oil  of  theobroma  by 
stirring  the  glass  rod,  and  remove  from  water-bath,  and  when  the  first 
signs  of  congealing  show,  pour  the  mixture  into  the  thoroughly  chilled 
molds,  keeping  the  extract  suspended  by  constant  stirring  while  pouring 
into  mold.  Then  let  mold  stand  quietly  on  the  ice  until  solidification  is 
complete,  after  which  remove  the  suppositories  from  the  mold. 

Remarks. — The  extract  used  in  suppositories  should  be  soft  extract, 
not  the  powdered  form. 

Fusing  the  oil  of  theobroma  should  be  at  a  low  temperature.  Heat- 
ing too  high  gives  the  mass  a  fried  smell. 

Do  not  pour  into  m^lds  while  the  mass  is  hot.  Just  before  it  congeals 
is  the  proper  time. 

Stir  mass  while  powringj  else  the  extract  will  not  be  uniformly  dis- 
tributed. 

Haoe  molds  on  ice  at  least  a  half-hour  before  pouring  mass  in.  To  get 
good  results,  the  molds  must  be  thoroughly  chilled. 

Have  interior  of  molds  perfectly  dry  and  clean  when  mass  is  poured  in. 
If  such  is  the  case,  there  is  no  need  of  using  lycopodium  to  dust  inside  of 
mold. 
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The  ina88f  on  congealing ,  if  molds  are  well  chilled,  contracts  and  loosens 
from  molds  with  smooth,  shining  surface.  In  this  case  suppositories  can 
be  removed  from  mold  by  gentle  tapping.  If  they  stick,  slight  downward 
pressure  from  the  top  niually  loosens  them.  If  they  stick  more  tena- 
ciously, the  molds  must  be  cautiously  opened  and  the  suppositories 
removed  by  pressing  from  tip  upward. 

//  (he  suppositories  stick  to  rruM,  it  is  due  either  to  insufficient  chilling 
of  molds  before  melted  mass  is  poured  in  or  to  dirtiness  of  molds. 

Most  suppository  molds  hold  20  grains  of  oil  of  theobroma.  This 
must  be  considered  in  making  suppositories  and  the  amount  of  oil  of  theo- 
broma added  in  making  the  mass  should  be  just  enough  to  fill  the  molds. 

BIAKE  SUPPOSrrOiUES  BT  HARD 

Oil  of  theobroma 8  Gm. 

Castor  oil q.s. 

Grate  or  slice  the  oil  of  theobroma  in  thin  shavings  and  put  into 
mortar;  add  about  five  drops  of  alcohol  and  thus  pulverize  by  interven- 
tion. Then  add  five  drops  castor  oil  and  work  into  mass  as  if  making 
pills.  Place  finished  mass  on  pill-tile,  dust  with  lycopodium,  and  roU 
out  to  mark  8  on  scale  on  pill-tile.  Cut  the  cylinder  in  half  and  shape 
each  half  into  a  double  cone  by  rolling  gently  with  spatula.  Then  cut 
each  double  cone  in  half,  and  we  have /our  suppositories. 

Remarks. — This  method  does  not  yield  as  handsome  a  product  as 
those  made  by  fusion,  but  it  has  the  advantage  of  being  applicable  in 
all  cases.   . 

Avoid  contact  of  the  mass  with  the  handy  as  the  oil  of  theobroma  melts 
at  temperature  of  the  body. 

In  shaping  the  suppository,  if  found  more  convenient,  the  mass  can 
be  directly  divided  into  four  parts  by  measuring  on  pill-tile  or  by  weighing, 
and  each  part  made  into  a  cone. 

These  pure  butter  of  cocoa  suppositories  are  given  merely  for  practice. 
Of  course,  in  actual  business,  they  will  be  directed  blended  with  some 
'  medicinal  constituents. 

HAKE  COIXPRESSED  SUPPOSITORIES 

Take  oil  of  theobroma  q.s.  (say  10  Gm.).  Powder  with  alcohol,  put 
into  suppository  machine,  and  press  into  both  the  rectal  and  the  bougie 
mold.    For  picture  of  mold,  see  p.  326. 

Remarks. — Note  what  is  said  just  above  as  to  fact  that  in  actual 
business  the  oil  of  theobroma  is  always  prescribed  combined  with  some 
medicinal  constituent. 

HAKE  GLYCERIN  SUPPOSTTORIES 

.    Recipe, — Glycerin 6.00  Gm. 

Monohydrated  sodium  carbomite 0.10  Gm. 

Stearic  add 0.40  Gm. 

Water 1.00  mil 

To  make ...  2  suppositories. 

Dissolve  the  monohydrated  sodium  carbonate  in  the  water  and  add 
it  to  the  glycerin,  contained  in  a  dish,  on  a  water-bath;  add  the  stearic 
acid,  and  heat  the  mixture  carefully  until  carbon  dioxide  ceases  to  be 
evolved  and  the  liquid  is  clear.  Then  pour  the  melted  mass  into  suitable 
molds,  remove  the  suppositories  when  they  are  completely  cold,  and  pre- 
serve them  in  tightly  stoppered  glass  vessels. 
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Remark  on  Process. — The  recipe  just  given  is  similar  to  but  not  identic 
eal  with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student.  The  manu- 
facture of  these  suppositories  involves  a  chemical  action,  the  sodium 
carbonate  reacting  with  the  stearic  acid  to  form  sodium  stearate,  and  with 
this  the  glycerin  blends,  thereby  producing  a  solid  suppository  containing 
about  six-sevenths  its  weight  of  glycerin. 

Weigh  the  glycerin  in  small  evaporating  dish,  and  to  it  add  the  sodium 
carbonate  and  later  the  stearic  acid. 

Be  sure  the  sodium  carbonate  is  crystaUine  and  monohydrated.  The 
.  efflorescent  salt  works  poorly. 

Sheave  the  stearic  acid  into  thin  pieces  with  knife  or  spatula  before 
putting  into  glycerin. 

Heat  Carefully. — ^Experience  shows,  however,  at  this  stage,  that  the 
heat  of  a  water-bath  scarcely  suffices,  so  when  the  sodium  carbonate 
is  dissolved,  remove  from  water-bath  to  wire  gauze,  dry  the  bottom 
of  dish,  and  heat  very  cautiously  until  reaction  ceases.  Urdil  escape  of 
carbonic  add  gas  has  ceased. 

Sodium  carbonate  plus  stearic  acid  or  any  other  acid  gives  off  COi 
gas,  and  forms  a  salt  of  the  added  acid. 

Stir  very  slightly  in  making,  and  that  only  with  glass  rod,  merely 
enough  to  aid  the  CO2  in  escaping.  If  stirred  vigorously,  the  mass  will 
become  mixed  with  air  and  will  not  be  clear. 

The  mass  must  be  clear  when  poured  into  molds,  else  the  finished 
suppositories  will  be  opaque. 

Pour  into  Suitable  Molds. — ^Note  that  the  finished  suppository  will 
weigh  over  3  Gm.,  about  twice  the  ordinary  rectal  suppository.  Hence 
the  ordinary  mold  will  not  do.  For  practice,^  however,  the  mass  may  be 
poured  into  the  smaller  mold,  thus  making  a  suppository  half  the  official 
size.  In  this  case^  as  in  belladonna  suppositories,  the  mold  must  be  thor- 
oughly chilled  by  placing  on  ice,  and  the  mass  must  be  almost  ready  to 
congeal  when  poured  in. 

Removing  these  suppositories  from  the  m,old  by  tapping  will  not  work; 
the  molds  must  be  opened  and  the  suppositories  removed  by  pressing 
from  tip  upward. 

MAKE  COLD  CREAM 


Recipe. — Spermaceti 6.86  Gm. 

White  wax 6.00  Gm. 

Expressed  oil  of  almond 28.00  Gm. 

^  Sodium  borate,  in  fine  powder 0.26  Gm. 

Stronger  rose  water 9.60  Gm. 

To  make  about . .     60  Gm. 

Reduce  the  spermaceti  and  the  white  wax  to  fine  shavings,  and 
melt  them  at  a  moderate  heat;  add  the  expressed  oil  of  almond  and  stir, 
continuing  the  heat  until  the  mixture  is  uniform;  then  gradually  add  the 
stronger  rose  water,  previously  warmed,  and  in  which  the  sodium  borate 
has  been  dissolved,  stirring  the  mixture  rapidly  and  continuously  until 
it  congeals  and  becomes  of  uniform  consistence. 

When  this  ointment  is  to  be  used  as  a  vehicle  for  metallic  salts,  the 
sodium  borate  should  be  omitted. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not  identi- 
cal with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student. 
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Melt  the  spermaceti  and  white  wax  in  pint  evaporating  dish,  and  to  it 
add  the  oil  of  almond. 

Dissolve  the  borax  in  the  rose  water  in  Erlenmeyer  flask,  and  this  solu- 
tion should  be  almost  as  warm  as  the  mixed  fats.  If  it  is  cold,  the  sper- 
maceti will  separate  as  if  curdled. 

Do  not  warm  the  rose  water  enough  to  drive  oflF  its  odor,  however. 
The  finished  cold  cream  is  not  highly  perfumed.  If  more  odor  is  desired, 
add — 


Oil  rose 10  drops 

Oil  lemon 6  drops 

Oil  bergamot 4  drops  ^ 


to  each  pound. 


The  oils  should  be  added,  not  alcohoUc  solutions  of  them. 

This  cold  cream  turns  rancid  quickly,  and  should,  therefore,  be  sold 
only  when  fresh.  For  a  permanent  cold  cream  white  paraffin  oil  is 
substituted  for  oil  of  almond.  This  substittUe  must  not^  however ,  be  dis- 
pensed as  an  official  cold  cream. 

MAKE    BLUE    MASS 

Recipe. — Mercury 8.8  Gm. 

Glycyrrhizaf  in  No.  60  powder 1.0  Gm. 

Althsa,  in  No.  60  powcfer 1.6  Gm. 

Glycerin 0.9  Gm. 

Honey  of  rose 8.8  Gm. 

To  make. .   10  Gm. 

Triturate  the  mercury  with  the  honey  of  rose  until  it  ig  extinguished, 
and  globules  of  mercury  are  no  longer  visible  under  a  lens  magnifjdng 
at  least  ten  diameters.  Add  the  glycerin,  then  the  glycjrrrhiza  and  althes 
gradually,  and  continue  the  trituration  until  the  mass  is  homogeneous. 
Keep  the  product  in  well-closed  containers. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not  identi- 
cal with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student. 

Triturate  the  mercury  with  the  hon^  of  rose  in  a  mortar  until  extinguished 
— that  is,  until  no  mercury  globules  are  seen  and  a  thin  gray  paste  results. 
If  trituration  is  stopped,  however,  the  mercury  will  run  together. 

Add  the  rest  of  the  honey^,  the  glycerin  and  the  powdered  drugs  and  then 
triturate  vigorously.  This  has  the  effect  of  coating  each  globule  of  mercury 
with  the  powder,  thus  preventing  one  from  running  into  the  other. 

Trituraie  until  no  globules  are  seen  under  glass  magnif  3dng  ten  diameters 
— ^that  is,  making  things  look  ten  times  their  real  size.  To  accomplish 
this  usually  takes  a  half  hour's  trituration. 

ISAKE  EMULSION  OF  COD  LIVER  OIL. 

(By  Continental  Method) 

Cod  liver  oil 30     mils 

Water 15     mils 

Powdered  acacia 7.6  Gm. 

Water,  syrup,  and  flavor,  to  make 60     mils 

Put  the  acacia  in  a  dry  mortar  and  add  all  the  oil,  triturating  the 
mixture  well.  Then  add  the  water  (15  mils)  all  at  once  and  triturate 
vigorously  until  a  creamy  emulsion  results.  Lastly,  add  sjrrup  5  mils, 
flavor  to  taste,  and  add  water  to  make  60  mils. 


986  PRINCIPLES   OF   PHARMACY 

Remarks. — The  theory  of  emulsions  is  similar  to  that  of  making  blue 
mass  and  other  preparations  of  free  mercury,  the  oil  being  broken  into 
fine  globules  by  trituration  and  each  globule  immediately  coated  with  a 
layer  of  gummy  substance,  thus  preventing  adjacent  globules  from  run- 
ning together. 

The  two  methods  of  emulsification  are  called  the  English  and  the 
Continental  processes  (see  p.  260),  and  the  above  recipe  is  by  the  Ck>nti- 
nental  process,  and  practically  that  recognized  by  the  present  pharma- 
copceia  (p.  137). 

Note  the  proportions  essential  to  a  successful  Continental  emulsion: 
4,  2,  and  1;  4  parts  of  oil,  2  parts  of  water,  and  1  part  of  gum. 

For  flavor,  the  pharmacopceia  directs  ^o  of  1  P®r  cent,  of  methyl  sal- 
icylate gaultheria,  or  an  appropriate  quantity  of  any  other  flavor  may  be 
used.  The  finished  acacia  emulsion  is  almost  too  thick  for  practical  use 
and  contains  too  large  amount  of  acacia.  . 

The  English  emulsion  can  be  made  from  less  gum,  the  sole  advantage 
the  process  possesses. 

When  oil,  gum,  and  water  are  triturated  a  few  minutes,  a  white  emulsion 
should  result,  the  desired  effect  being  indicated  by  a  characteristic  crack- 
ling sound  as  the  mixture  is  triturated.  If  this  crackling  sound  is  not 
heard,  and  if  the  mixture  has  a  greasy,  '^pearly"  appearance,  it  means 
that  the  oil  is  not  emulsified — ^that  the  emulsion  is  "split." 

Do  not  Throw  Away  a  Split  Emulsion, — Make  up  another  batch  as 
a  nucleus,  and  gradually  incorporate  the  spUt  emulsion,  when  the  entire 
quantity  will  be  emulsified.  There  is  no  better  emulsifier  than  a  good 
emulsion. 

ISAKE  FLASK  EKULSION  OF  COD  LIVER  OIL 

Powdered  tragacanth 1  Gm. 

Gelatin,  in  No.  80  powder 1  Gm. 

Cod  liver  oil 20  mils 

Water,  flavor,  etc.,  to  make 40  mils 

Put  the  powders' in  a  dry  Erlenmeyer  flask,  add  the  oil  and  shake, 
then  add  15  mils  water,  and  shake  when  an  emulsion  results. 

Remarks. — This  formula  was  devised  to  replace  a  class  of  flask 
emulsifiers  introduced  a  few  years  since,  and  containing  the  two  question- 
able substances — ^saponin  and  saccharin. 

It  is  given  merely  as  an  illustration  of  this  kind  of  work  and  is  not 
recommended.  To  make  a  good  emulsion  one  should  be  willing  to  dirty 
a  mortar. 

It  also  shows  that  almost  any  gummy  substance  can  be  used  as  an 
emulsifier. 

BIAKE  BGG  BXtULSION  OF  COD  LIVER  OIL 

Glycerite  of  yolk  of  egg  (U.S.P.  1890) 10  mils 

Cod  liver  oil 30  mils 

Syrup 6  mils 

Brandy 10  mils 

Water 4  mils 

Pour  the  glycerite  into  mortar,  and  add  the  oil  little  by  little,  with 
constant  trituration  until  completely  emulsified.  Then  add  the  other 
ingredients  in  the  order  named. 

Remarks. — This  preparation  is  emulsified  by  use  of  yolk  of  egg,  an 
emulsion  of  egg  fat  with  the  albuminoids.  It  is  an  illustration  of  the 
dictum,  ''the  best  emulsifier  is  a  perfect  emulsion." 
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Be  careful  to  add  ail  gradually,  eUe  the  emviaian  may  split.  The 
addition  of  the  last  portions  of  oU  may  make  the  product  almost  too 
stiff  to  work,  in  which  event  add  a  few  drops  of  water,  say,  1  mil.  In 
laboralory  work  omit  the  brandy  from  this  recipe. 

The  best  flavor  for  this  is  a  compound  tincture  of  cardamom  not  colored 
with  cochineal.    One-half  mil- suffices  with  the  above  quantity. 

HAKE  EMULSION  OF  lUllFKW'liWH 

Powdered  tragacanth 2  Gm. 

Put  in  dry  8-ounce  wide-mouthed  bottle,  corked  and  add — 

Oil  of  turpentine 16  mils 

Then  add  water 30  mils  and  shake. 

The  finished  emulsion  can  be  diluted  with  water  and  flavored  to  any 
strength  directed  by  the  physician. 

Remarks. — This  is  not  the  recipe  provided  by  the  present  pharma- 
copoeia for  official  emulsion  of  oil  of  turpentine  (p.  263),  in  which  acacia 
is  used  as  the  emulsif  3dng  agent,  and  expressed  oil  of  almond  used  to  make 
a  more  stable  emulsion. 


CHAPTER  LX 
CHEMICAL  PREPARATIONS 

MAKB  SOLUTION  OF  SODA,  U.S.P.,  1890 

Recipe, — Sodium  carbonate 42.5  Gm. 

Lime 12.5  Gm. 

Distilled  water,  a  sufficient  quantity. 

Dissolve  the  sodium  carbonate  in  100  mils  of  boiling  distilled  water. 
Slake  the  lime  with  about  7}i  mils  of  distilled  water,  then  mix  it  well 
with  100  mils  of  distilled  water,  pour  the  mixture  into  a  tared  flask,  and, 
having  heated  it  to  boiling,  gradually  add  to  it  the  solution  of  sodium 
carbonate  and  boil  during  ten  minutes.  Then  add  enough  distilled 
water  to  the  flask  to  make  the  contents  weigh  250  Gm.,  and  set  the  flask 
aside,  well  stoppered,  until  the  contents  are  cold.  Lastly,  strain  the 
liquid  through  Unen,  set  it  aside  in  a  wellnstoppered  bottle  until  it  has 
become  clear  by  subsidence,  and  separate  the  clear  solution  by  decanta- 
tion  or  by  means  of  a  siphon. 

Explanation. — Monohydrated  sodium  carbonate,  U.S. P.  IX,  18.4 
Gm.  can  be  used  instead  of  the  above  amount  of  crystalline  sodium  car- 
bonate.    The  chemical  reaction  in  this  process  is  as  follows: 

Ca(0H)2     -f-     Na,CO,     =     NaOH     +     CaCO,. 

The  result  of  the  reaction  is  a  liquid  containing  sodium  hydroxide 
in  solution,  and  a  sediment  consisting  of  calcium  carbonate  (precipitated 
chalk). 

The  equation  given  above  is  purposely  left  incomplete.  Complete 
this  so  that  the  amount  of  each  element  on  the  two  sides  of  the  sign  of 
equality  is  the  same. 

Again,  the  equation  does  not  represent  the  truth  as  far  as  the  con- 
stituents directed  by  the  U.S.P.  is  concerned.  Lime  is  not  calcium  hy- 
droxide, but  is  calcium  oxide,  the  hydroxide  being  produced  only  after 
shaking  the  lime,  the  reaction  being  CaO-|-H20  =  Ca(OH)2. 


988  PRINCIPLES   OF   PHARMACY 

Again,  the  sodium  carbonate  directed  above  is  not  the  exsiccated 
NasCOs,  but  the  crystalline  salt  containing  ten  molecules  of  water  of 
crystallization.     So  the  real  reaction  runs: 

CaO     +     H,0     +     Na,COalOH,0     =     NaOH     +     CaCO,. 

Be  sure  to  complete  this  equation  before  proceeding  further.  (See 
p.  400.) 

Calculations. — Figure  out  molecular  weight  of  the  five  substances  in 
above  equation,  viz. : 

Ca    atomic  weight  ■» Ca        —    1  X 

O      atomic  weight  = .0  ■*    1  X 


CaO    molecular  weight 


H     atomic  weight  = Hj         «    2  X 

O      atomic  weight  — O  =    1  X 


HsO  molecular  weight  » 


Na    atomic  weight  — Nat       «    2  X 

C      atomic  weight  = C           =    1  x 

O      atomic  weight  = Oj         =    3  X 

H2O  molecular  weight 10H»0  =  10  X 


NatCOslOHjO  molecular  weight  — 


Na    atomic  weight  = Na         =    1  X 

O      atomic  weight  = O  -    1  X 

H      atomic  weight  — H  =    1  x 


NaOH  molecular  weight 


NaOH  molecular  weight  = .     The  actual  weight   of   NaOH  produced 

from  above  equation  is  this  molecular  weight  timeB  the  number  of  molecules  produced 

Ca    atomic  weight  = Ca         «    1  X = . 

C      atomic  weight  = C  =    1  X *= . 

O      atomic  weight  = Oi         =    3  X 


CaCOs  molecular  weight 


Now  write  the  equation  last  given  with  the  correct  number  of  mole- 
cules, and  place  under  each  substance  the  figures  expressing  the  molecular 
weights,  or,  in  case  more  than  a  molecule  of  a  substance  is  involved,  the 
combining  weights.     Then  reckon  out  the  following  problems: 

1.  How  many  grammes  absolute  sodium  hydroxide  in  250  Gm.  of  5 
per  cent,  solution  of  soda? 

2.  How  many  grammes  of  lime  (CaO)  and  of  crystallized  sodium  car- 
bonate (NasCO»-h  lOHiO)  needed  to  make  80  Gm.  absolute  soda  (NaOH) " 

3.  How  many  grammes  of  lime  and  of  crystalline  sodium  carbonate 
needed  to  make  12.5  Gm.  absolute  soda? 

If  monohydrated  sodium  carbonate  is  used,  the  equation  wUl  run: 

CaO     +    H,0     +    NaiCO,H,0     -     NaOH     +    CaCO,, 

(Complete  this  equation). 

The  molecular  weight  calculation,  as  far  as  the  sodium  carbonate  is 
concerned,  will  be: 

Na    atomic  weight  Nat    '■  2  X * 

C      atomic  weight  C       =  1  X — 

O      atomic  weight  Oa      —  3  X  * 

HjO  molecular  weight  HtO  «  IX— —  « 

NasCOsHsO  molecular  weight  «  ^— 

For  table  of  atomic  weights,  see  p.  352. 

For  complete  figuring  of  molecuhu'  weights,  see  p.  363. 

For  detaiOs  of  balancing  equations,  see  p.  400. 
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Remarks  on  Process. — Dissolve  the  sodium  carbonate  in  pint  flask,  and 
when  solution  is  complete,  put  into  an  8-ounce  wide-mouthed  bottle. 
Filter  only  if  necessary — ^if  containing  dirt. 

Be.  sure  that  the  sodium  carbonate  is  not  effloresced.  For  this  reason  the 
non-efflorescent  monohydrated  sodium  carbonate  is  better. 

Slake  the  lime  by  placing  a  lump  in  a  mortar  and  adding  the  water, 
drop  by  drop,  so  it  can  be  absorbed  by  the  lime. 

Better  do  this  before  dissolving  the  sodium  carbonate,  as  with  the 
small  amount  of  lime  used  the  slalang  will  take  some  time.  Do  not  ex- 
pect the  generation  of  a  large  amount  of  heat  in  slaking  the  minute  quan- 
tity of  lime.  Heat  is  developed,  but  in  scarcely  appreciable  quantity. 
Slaking  of  the  lime  may  be  hastened  by  warming  mortar  on  radiator. 

When  the  lime  is  slaked,  it  will  crumble  to  a  powder.  This  takes,  with 
the  small  amount  of  lime  employed,  fifteen  minutes  to  a  half-hour.  When 
lime  is  slaked,  mix  it  well  with  water.  That  is,  triturate  with,  say,  75  mils 
of  the  water,  making  a  milky  paste  (milk  of  lime) ;  pour  this  into  flask, 
and  wash  mortar  and  pestle  with  the  other  26  mils  water,  pouring  washings 
into  flask  containing  the  milk  of  lime. 

Be  sure  to  tarejlask  before  pouring  in  the  milk  of  lime.  The  rest  of  the 
directions  given  above  need  no  special  remarks,  except  the  statement 
that— 

The  finished  froduct  is  not  to  be  filtered:  at  least,  through  paper,  as  the 
alkali  will  eat  the  paper.  Asbestos  wool  can  be  used,  however,  a  bit  of 
this  inserted  into  funnel  as  if  it  were  a  plug  of  cotton.  The  pharmaco- 
poeia, however,  directs  decantation. 

The  predpitaied  chalk  is  to  be  thrown  away,  as  it  cannot  be  freed  from 
the  alkali  except  by  extraordinary  eCFort. 


MAKE  SOLUTION  OF  CHLORINATED  SODA 

Recipe. — Monohydrated  sodium  carbonate 6.5  Gm. 

Chlorinated  lime 9.0  6m. 

Water,  a  sufficient  quantity, 

To  make 100  Gm. 

Triturate  the  chlorinated  lime  (which  should  contain  not  less  than  30 
per  cent,  of  available  chlorine)  with  20  mils  of  water,  gradually  added, 
until  a  uniform  mixture  results.  Allow  the  heavier  particles  to  subside, 
and  transfer  the  thinner,  supernatant  portion  to  a  filter.  Then  triturate 
the  residue  again  with  20  mils  of  water,  transfer  the  whole  to  the  filter,  and, 
when  the  Uquid  has  drained  off,  wash  the  filter  and  contents  with  10  mils 
of  water.  Dissolve  the  monohydrated  sodium  carbonate  in  30  mils  of 
hot  water,  and  add  this  solution  to  the  previously  obtained  filtrate  con- 
tained in  a  suitable  vessel.  Stir  or  shake  the  mixture  thoroughly,  and,  if 
it  should  become  gelatinous,  warm  the  vessel  very  gently  until  the  pre- 
cipitate subsides.  Then  transfer  the  mixture  to  a  new  filter,  and,  when 
no  more  liquid  drains  from  it,  wash  the  filter  and  contents  with  enough 
water  to  make  the  product  weigh  100  Gm.  Keep  the  solution  in  well- 
stoppered  bottles,  protected  from  light,  and  in  a  cool  place. 

Explanation. — The  chemical  reaction  involved  in  the  above  process 
runs  in  two  equations,  since  the  chlorinated  lime  employed  is  a  mixture 
of  calcium  hypochlorite  and  calcium  chloride: 
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Equation  A : 

Calcium  Sodium  Calcium  Sodium 

hypochlorite  plus     carbonate    give     carbonate     plus  h3rpochlorite 

Oa(OCl),       +       Na,COt        =         CaCO,         -f-        NaOCl. 

Equation  B: 

Calcium  Sodium  Calcium  Sodium 

chloride    plus  carbonate  give  carbonate  plus    chloride 

CaClj        +      NajCO,      =       CaCO,       -f       NaCl. 

The  result  of  the  reaction  is  a  liquid  containing  sodium  hypochlorite 
and  sodium  chloride  in  solution  and  calcium  carbonate  (precipitated 
chalk)  as  a  sediment. 

The  equations  given  above  are  purposely  left  incomplete.  Complete  these, 
so  that  the  amount  of  each  element  on  the  two  sides  of  the  sign  of  equality 
is  the  same. 

Ccdculations. — Chlorinated  lime,  being  of  variable  quality,  the  molecu- 
lar quantities  cannot  be  conveniently  worked  out. 

However,  figure  out: 

How  many  grammes  of  chlorine  in  9  Gm.  of  30  per  cent,  chlorinated 
lime? 

How  many  grammes  of  chlorine  in  100  Gm.  of  2.4  per  cent,  solution 
of  chlorinated  soda? 

Comparison  of  these  figures  will  show  that  the  pharmacopoeial  process 
anticipates  the  conversion  of  the  chlorinated  lime  into  solution  of  chlo- 
rinated soda  with  the  loss  of  but  10  per  cent,  of  the  volatile  chlorine — a 
thing  that  is  thoretically  possible,  but  rarely  practically  attained. 

Remarks  on  Process. — The  recipe  of  the  present  pharmacopceia 
differs  from  the  one  given  above  in  the  fact  that  chlorinated  lime  is  made 
into  a  paste  with  water  and  to  this  unfiltered  paste  the  sodium  carbonate 
solution  is  added,  after  which  the  mixture  is  filtered.  This  improvement 
was  suggested  by  the  writer  and  his  co-workers.  (See  bibliography 
on  p.  388.) 

Put  chlorinated  lime  in  mortar  and  triturate  with  the  water. 

The  thinner  supernatant  portion  (see  p.  142)  contains  the  soluble  part 
of  the  chlorinated  lime,  and  this  is  passed  through  the  filter  first.  This 
is  an  illustration  of  decantation. 

The  heavier  particles  are  triturated  with  more  water,  adding  the  water 
gradually  with  firm  pressure  of  the  pestle  in  order  to  reduce  particles  to  a 
pasty  condition. 

Pour  the  entire  paste  on  the  filter j  and  thus  dissolve  the  soluble  portion 
left  in  the  chlorinated  lime  after  the  first  washing. 

Use  the  last  10  mils  water  to  wash  out  mortar  and  to  extract  the  in- 
soluble part  of  the  chlorinated  lime  contained  on  the  filter. 

Dissolve  the  sodium  carbonate  in  the  water  in  pint  fiask,  and  to  this  add 
the  chlorinated  lime  filtrate. 

If  gelatinous,  warm,  but  that  only  slightly,  lest  a  large  amount  of 
chlorine  be  driven  off. 

Filter  mixture  into  a  tared  8-(mnce  wide-mouthed  bottle.  Both  solution 
of  chlorinated  soda  and  also  chlorinated  lime  contain  chlorine  in  a  form 
so  loosely  combined  that  the  gas  easily  escapes.  Hence  in  the  entire 
process  care  should  be  taken  to  avoid  undue  exposure,  eHher  to  tiie  air  or 
to  heat. 

BKAKE  AUHOmun  SULPHATE 

Ammonia  water  (10  per  cent.) 340  grains  or gm. 

Diluted  sulphuric  acid  (10  per  cent.) 080  grains  or gm. 
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Place  the  ammonia  water  in  a  pint  evaporating  dish,  add  the  sulphuric 
acid  gradually  until  faintly  acid  to  litmus-paper,  using  more  than  the 
amount  given  above  if  necessary. 

Then  add  extra  ammonia  water,  drop  by  drop,  until  alkaline  to  litmus- 
paper.    Place  dish  on  wire  gauze  and  evaporate  to  dryness. 

Explanation. — This  process  gives  us  an  illustration  of  a  simple  reaction, 
viz. :  ammonia  plus  sulphuric  acid  gives  ammonium  sulphate. 

Express  this  reaction  by  equation,  writing  the  formula  of  each  of  the 
compounds  mentioned  above  and  the  number  of  molecules  of  each  sub- 
stance entering  the  equation. 

Calculations* — ^Next  work  out  molecular  weight  of  each  of  the  above 
compounds  (as  shown  in  solution  of  soda),  and  through  these  molecular 
weights  answer  the  following  problems: 

1.  How  many  grammes  ammonia  gas  and  absolute  sulphuric  acid  are 
needed  to  make  132  grains  of  ammonium  sulphate? 

2.  How  many  grains  of  10  per  cent,  ammonia  water  and  of  10  per 
cent,  sulphuric  acid  are  needed  to  make  132  grains  of  ammonium  sulphate? 

Remarks  on  Process. — Convert  grains  into  grammes  by  dividing  by 
15.432. 

Add  the  acid  gradiudly  to  the  ammonia,  as  the  reaction  is  apt  to  be 
quite  violent. 

Litmus-paper  (see  p.  358). 

In  testing  with  litmus-paper  dip  a  glass  rod  into  the  liquid  and  thus 
bring  one  drop  of  the  liquid  on  the  piece  of  litmus-paper  moistened  with 
water.     Never  dip  the  litmus-paper  into  the  mixture. 

Add  add  until  faintly  add — that  is,  it  may  chance  that  the  theoretic 
quantities  given  above  may  riot  yield  exact  results,  due  to  some  variation 
in  strength  of  either  acid  or  alkali.  In  such  cases  we  therefore  look  for 
resxjJJts  rather  than  figures,  and  use  an  extra  quantity  of  the  ingredients 
to  get  the  results,  if  necessary. 

Thus,  if  after  adding  the  directed  quantity  of  acid,  the  mixture  is  still 
alkaline  (until  a  drop  turns  red  litmus  blue),  add  acid  until  faintly  acid 
(turns  blue  litmus  red). 

Usually,  after  the  acid  is  added,  the  reaction  will  be  distinctly  acid,  as 
the  ammonia  is  more  apt  to  lose  strength  on  standing  than  is  the  acid. 
If  such  is  the  case,  add  ammonia  until  the  mixture  is  distinctly  alkaline — 
until  a  drop  turns  red  litmus-paper  blue. 

Be  sure  to  have  evaporating  mixture  alkaline.  An  excess  of  acid  will 
spoil  the  product;  an  excess  of  alkali  will  have  no  hurtful  result,  since 
the  excess  of  ammonia  will  be  driven  off  as  the  salt  reaches  dryness. 

Evaporate  to  dryness,  but  do  not  continue  heat  after  dryness — as  the 
ammonium  sulphate  is  volatile. 

ISAKE  AMMONIUM  lODmE 

Potassium  iodide J^  troy  ounce  or Gm. 

Ammonium  sulphate 109  srains  or         Gm. 

Water >i  nuidounce  or  mils 

Put  salts  in  Erlenmeyer  flask,  add  the  water  while  boiling,  stir  well,  and 
let  cool.  Then  add  1  drachm  alcohol,  cool  the  mixture  with  ice  or  running 
water,  and  throw  the  mixture  on  funnel  plugged  with  cotton.  When 
the  liquid  has  filtered  through,  wash  precipitate  with  1  drachm  of  a  mix- 
ture, consisting  of  alcohol,  1  part,  water,  2  parts.  Then  put  filtrate  in 
pint  evaporating  dish,  and  evaporate  solution  rapidly  to  dryness,  stirring 
constantly. 
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Explanation. — In  this  process  a  double  decomposition  occurs  between 
the  potassium  iodide  and  ammonium  sulphate,  whereby  potassium  sul- 
phate and  ammonium  iodide  are  formed. 

Equation: 

KI    +    (NH4)aS04 

Complete  this  equation. 

Calculation. — Figure  out  molecular  weights  of  each  of  the  above  sub- 
stances, and  from  the  molecular  weights  learn  the  weights  by  which  the 
two  chemicals  combine.     Then  solve  the  following  problems: 

1.  How  much  potassium  iodide  and  ammonium  sulphate  are  needed 
to  make  290  grains  of  ammonium  iodide? 

2.  How  much  potassiiun  iodide  and  ammonium  sulphate  are  needed 
to  make  218  grains  of  ammonium  iodide? 

Compare  these  figures  with  above  recipe,  and  see  how  closely  they 
agree. 

Remarks  on  Process. — ^Looking  at  the  explanation  of  the  chemistry 
of  the  process,  we  see  that  the  products  of  the  reaction  between  potas- 
sium iodide  and  ammonium  sulphate  are  potassium  sulphate  and  ammo- 
nium iodide.  Now  it  chances  that  both  of  these  chemicals,  like  the 
substances  from  which  they  are  made,  are  soluble  in  water.  How  are  we 
to  obtain  the  ammonium  iodide  we  desire  free  from  the  potassium 
sulphate? 

In  all  manufacturing  chemistry  effort  is  made  to  get  all  the  recuHan 
products  save  the  one  we  desire  in  some  form  different  from  the  one  we 
want. 

Thus,  in  making  solution  of  soda,  we  choose  as  the  sodium  ingredient 
sodium  carbonate,  knowing  that  that  would  produce  with  the  lime  insolu- 
ble icalciiun  carbonate,  thus  leaving  the  soda  itself  in  the  solution,  free 
from  any  other  substance.  Again,  if  we  want  an  insoluble  body,  say, 
precipitated  chalk,  we  try  to  get  the  other  reaction  products  in  a  soluble 
form.     (See  p.  456.) 

In  the  ammonium  iodide  we  cannot  think  of  any  salt  we  can  use  that 
will  obtain  for  us  the  second  reaction  product  in  insoluble  form.  Every 
combination  we  think  of  will  yield  some  chemical  soluble  in  water,  even 
as  is  ammonium  iodide.  Therefore,  we  have  to  devise  some  way  of  sepa- 
rating the  iodide  from  the  potassium  sulphate,  and  we  accomplish  this 
by  use  of  alcohol,  in  which  the  iodide  is  freely  soluble,  while  the  sulphate 
dissolves  but  slightly. 

Filter  through  funnel  plugged  with  cotton,  even  as  you  did  granulated 
ferrous  sulphate.     (See  p.  973.) 

Evaporaie  rapidly,  as  the  product  is  quite  unstable,  easily  giving  up 
its  iodide  and  becoming  brown.  For  this  reason,  during  evaporation,  it 
is  advisable  to  add  a  drop  of  ammonium  sulphide  test  solution,  from  time 
to  time,  to  prevent  decomposition. 

XXAKE  PRECIPITATED  CHALK 

Marble 10  Gm. 

Put  in  beaker  and  add  a  mixture  of — 

Hydrochloric  acid 23  Gm« 

Wat^r 45  mils. 

Watch  effervescence,  and  when  solution  is  complete,  filter  into  another 
beaker.     Then  add  a  solution  of: 

Monohydrated  sodium  carbonate 12.4  Gm. 

Water 90  mils 
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Stir,  let  precipitate  subside,  then  decant  supernatant  liquid,  add  more 
water,  and  finally  precipitate  on  to  a  plain  filter  and  continue  washing 
until  wash  liquor  no  longer  gives  precipitate  with  either  calcium  chloride 
solution  or  siJver  nitrate  solution.    Then  let  precipitate  dry. 

Explanation. — This  process  is  in  two  stages. 

Firstf  the  insoluble  marble  (crude  calciiun  carbonate)  is  dissolved  iii 
hydrochloric  acid,  forming  soluble  calcium  chloride  with  the  evolution  of 
carbon  dioxide,  viz. : 

Equation  A : 

Calcium  Hydrochloric  Calcium  Carbon 

carbonate        plus        acid        give        chloride        plus        dioxide      plus      Water. 
CaCO,  +         HCl  =  +  + 

Complete  this  equation. 

The  dissolving  of  marble  by  hydrochloric  acid  is  for  the  purpose  of 
purification,  it  being  easier  to  purify  substances  when  in  solution  than  in 
solid  form.  The  solution  of  calcium  chloride  is  then  treated  with  sodium 
carbonate,  when  calcium  carbonate  (precipitated  chalk)  separates  out, 
while  sodium  chloride  goes  into  solution. 

The  reaction  is: 

Equation  B: 

Calcium  Sodium  Calcium  Sodium 

chloride         plus         carbonate        give        carbonate      plus      chloride. 
CaCl,  +        Na,C0,H20        =  -f- 

Complete  this  equation. 

Calculations. — First,  the  manufacture  of  calcium  chloride.  Work 
out  the  molecular  weights  of  calcium  carbonate,  hydrochloric  acid,  and 
calcium  chloride,  and  place  under  equation  given  above.  Then  solve  the 
following  problems: 

1.  How  many  grammes  of  absolute  (100  per  cent.)  hydrochloric  acid 
needed  to  combine  with  100  Gm.  of  calcium  carbonate? 

2.  How  many  grammes  of  31.9  per  cent,  hydrochloric  acid  needed  to 
combine  with  100  Gm.  of  calcium  carbonate? 

3.  How  many  grammes  of  calcium  chloride  will  be  made  from  100 
Gm.  of  calcium  carbonate? 

4.  How  many  grammes  of  31.9  per  cent,  hydrochloric  acid  needed  to 
combine  with  10  Gm.  calcium  carbonate? 

Compare  these  figures  with  the  recipe  ^ven  above. 

Now  let  us  calculate  the  manufacture  of  calcium  carbonate.  Work 
out  molecular  weights  of  calcium  chloride,  calcium  carbonate,  and  mono- 
hydrated  sodium  carbonate,  and  place  these  molecular  weights  under  the 
equation  (B)  given  above.    Then  solve  the  following  problems: 

1.  How  many  grammes  of  calcium  carbonate  can  be  made  from  111 
Gm.  of  calcium  chloride? 

2  How  many  grammes  of  monohydrated  sodium  carbonate  needed  to 
combine  111  Gm.  of  calcium  chloride? 

3.  How  many  grammes  of  calcium  carbonate  can  be  made  from  11.1 
Gm.  of  calcium  chloride? 

4.  How  many  grammes  of  crystaUine  sodium  carbonate  needed  to 
combine  11.1  Gm.  of  calcium  chloride? 

Compare  these  figures  with  that  of  the  recipe  given  above. 
Remarks  on  Process. — ^The  solution  of  the  marble  and  the  precipita- 
tion of  the  chalk  are  explained  fuUy  enough  in  recipe. 

63 
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Decant  supemaiarU  liquid.  Supernatant  liquid  is  the  clear  liquid 
resting  above  precipitate.  Decant  it  by-  gently  tilting  beaker,  b^ng 
careful  to  keep  precipitate  resting  quietly  at  bottom  of  beaker.  Use 
guiding  rod  if  desired.     (See  p.  129.) 

Wash  precipitate  to  remove  all  soluble  salts,  be  they  either  calcium 
chloride  or  sodium  carbonate.  If  the  former  is  present,  the  silver  nitrate 
will  give  a  white,  curdy  precipitate;  if  sodium  carbonate  is  there,  the 
calcium  chloride  will  give  a  white  precipitate.  If  both  are  washed  out 
and  only  water  passes  through  the  precipitated  chalk,  it  will,  of  course, 
produce  no  precipitate  with  either  reagent. 

Dry  the  precipitate  as  you  did  the  granulated  salts  (see  p.  972),  only, 
if  desired,  more  heat  can  be  used  than  with  them — even  the  heat  of  a 
radiator  or  a  drying  oven. 

MAKE  EFFERVESCENT  SODIUM  PHOSPHATE 

Exsiccated  sodium  phosphate 5    Gm. 

Sodium  bicarbonate 11.9  Gnu 

Tartaric  acid,  dried  and  powdered 6.3  Gm. 

Citric  acid,  in  efifervescent  crystals 4.1  Gm. 

Powder  the  Citric  Acid  and  mix  it  intimately  with  the  Exsiccated  Sodium 
Phosphate  and  Tartaric  Acid,  then  thoroughly  incori)orate  the  Sodium  Bicarbonate. 
Place  the  mixed  powders  on  a  plate  of  glass  or  in  a  suitable  dish,  in  an  oven 
heated  to  between  93**  and  104°C. 

When  the  mixture  has  acquired  a  moist  consistence,  by  the  aid  of  careful  manipu- 
lation with  a  wooden  spatula,  rub  it  through  a  No.  6  tinned-iron  sieve,  and  dry  the 
granules  at  a  temperature  not  exceeding  54°C.    Keep  the  product  in  well-stoppered 
ottles. 

Chemical  Explanation. — In  the  recipe  just  given  the  exsiccated  so- 
dium phosphate  is  mixed  with  sodium  bicarbonate,  tartaric  and  citric 
acids  and  the  mixture  is  then  warmed  until  it  becomes  doughy,  when  it  is 
granulated  by  rubbing  through  a  coarse  sieve.  Heat  produces  a  doughy 
mass  because  of  the  presence  of  water  of  crystallization  in  the  citric  acid, 
H8C6H6O7+H2O,  the  amount  being  sufficient  to  soften  the  mixture  with- 
out very  serious  loss  of  carbon  dioxide. 

The  dry  granules  contain,  beside  sodiiun  phosphate,  particles  of 
sodium  bicarbonate,  tartaric  acid  and  citric  acid,  and  perhaps  a  smaO 
amount  of  the  sodium  salt  of  the  two  acids  just  mentioned.  It  is  designed 
however,  to  have  the  two  acids  and  the  bicarbonate  rest  side  by  side  in 
uncombined  form.  As  soon  as  the  dried  granules  are  thrown  into  water 
the  three  chemicals  .combine  with  violent  eflfervescence  (liberation  of 
carbon  dioxide)  as  shown  in  the  following  equations: 

.rbon 

water 


water 


Complete  these  equations. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not 
identical  with  that  given  in  the  present  edition  of  the  pharmacopoeia. 
The  two  recipes  should  be  carefully  compared  by  the  student. 

Tharotighly  mix  the  four  chemicaU,  so(Uum  phosphate  and  bicarbonate, 
tartaric  and  citric  adds,  by  trituration  in  a  mortar. 


Sodium 

Citric 

Sodium 

Carbon 

bicarbonate 

plus 

acid 

give 

citrate 

plus 

dioxide 

plus 

NaHCO, 

+ 

HiCeH,07 

B 

-h 

+ 

Sodium 

Tartaric 

Sodium 

Carbon 

bicarbonate 

plus 

acid 

give 

tartrate 

plus 

dioxide 

plus 

NaHCO, 

+ 

H,C4H40« 

a 

+ 

+ 
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The  sodium  phosphate  mi^t  be  exsiccdted,  since  the  crystalline  salt  con- 
tains 60  per  cent,  of  water,  which  would  cause  tindue  eflfervescence  of  the 
mass  during  mixing  and  granulating.  Dried  tartaric  acid  must  likewise 
be  used. 

Soften  the  mixed  powders  by  warming  in  an  oven  between  93°  and  104**C. 
as  mentioned  above,  the  water  of  crystallization  in  the  citric  acid  is 
just  sufficient  to  cause  an  interaction  between  the  chemicals  with  a  re> 
duction  of  the  softening  point  of  the  mixture. 

Push  moist  m^iss  through  dean  coarse  sieve,  letting  granules  fall  on  paper 
placed  beneath. 

Dry  granules  by  placing  paper  on  radiator  and  put  into  dry  bottle 
without  great  delay. 

ISAKE  STRUP  OF  LIME  (U.S.P.  Vm) 

Recipe. — ^Lime 6.5  Gm. 

Sugar 86.0  Gm. 

Water,  a  sufficient  quantity, 


To  make . . .   100  mils 

Slake  the  lime  by  the  addition  of  4  mils  of  water  with  the  aid  of  heat, 
then  mix  it  and  the  sugar  thoroughly  in  a  mortar,  so  as  to  form  a  homo- 
geneous powder;  add  the  mixture  to  50  mils  of  boiling  water,  contained  in 
a  bright  copper  or  tinned-iron  vessel,  and  boil  for  five  minutes,  constantly 
stirring.  Dilute  the  liquid  with  sufficient  water  to  make  it  measure  95 
mils,  and  filter  through  white  paper,  closely  covering  the  funnel  during 
filtration.  Then  add  through  the  filter  enough  water  to  make  the  prod- 
uct measure  100  mils,  and  mix  thoroughly.  Keep  syrup  in  well-stoppered 
bottles. 

Chemical  Explanation. — ^Lime  is  only  sparingly  soluble  in  water, 
lime  water,  the  saturated  solution,  containing  only  one-sixth  of  1  per 
cent,  of  lime. 

On  the  other  hand,  lime  is  quite  soluble  in  water  if  first  combined  with 
sugar;  for,  in  this  case,  a  chemical  combination  takes  place  between  the 
linie  and  the  sugar.  Such  combination  is  called  calcium  saccharate, 
although  this  is  scarcely  correct,  inasmuch  as  sugar  contains  no  acid,  but 
is  an  aldehyde  or  ketone  alcohol,  and  the  calcium  compound  is,  there- 
fore, similar  to  sodium  alcoholate  (see  p.  591)  and  sodium  carbolate  (see 
p.  687). 

Since  the  chemistry  of  this  calcium  saccharate  is  rather  vague,  no 
attempt  will  be  made  to  work  out  the  equation  of  manufacture. 

Remarks  on  Process. — The  bright  copper  vessel  can  be  a  well-scoured 
copper  water-bath.  Porcelain  dish  not  advisable,  since  the  Ume  wiJl 
attack  the  glazing. 

Filter  diluted  Uquid  through  white  paper.  The  filtrate  should  be  per- 
fectly transparent,  and  must  be  returned  through  filter-paper  until  it  is 
clear. 

Strain  through  piece  of  mvslin  previously  well  wetted  with  water. 

In  evaporaiing  JUtraie  do  not  let  it  get  too  concentrated,  for  then  there 
results  a  sticky  mass,  which  is  difficult  to  remove. 

In  boiling  the  solids  with  water,  be  sure  to  add  extra  water  to  make 
up  for  loss  of  water  through  evaporation.  If  this  is  not  heated,  a  sticky 
and  difficultly  soluble  mass  results. 
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BSAKE  SOLUTION  OF  ZINC  CHLORIDE 

Recipe, — Zinc,  granulated 12.0  Gm. 

Hydrochloric  acid 42.0  Gm. 

Nitric  acid 0.6  Gm. 

Precipitated  zinc  carbonate 0.6  Gm. 

DistiUed  water,  a  sufficient  quantity, 

To  make  about ...  60  Gm. 

To  the  zinc,  contained  in  a  glass  or  porcelain  vessel,  add  8  mils  of  dis« 
tilled  water;  then  gradually  add  the  hydrochloric  acid,  and  digest  until 
reaction  ceases  and  the  acid  is  saturated.  Pour  off  the  solution,  add 
the  nitric  acid,  and  heat  the  solution  at  a  temperature  not  exceeding 
116°C.,  until  a  portion,  if  removed  and  cooled,  soUdifies.  Allow  it  to 
cool,  and  dissolve  the  solidified  mass  in  a  sufficient  quantity  of  distilled 
water  to  make  the  product  weigh  50  Gm.  Then  add  the  precipitated 
zinc  carbonate,  agitate  the  mixture  occasionally  during  twenty-four 
hours,  and  set  it  aside  until  it  has  become  clear  by  subsidence.  Fmally, 
separate  the  clear  solution  by  decantation  or  by  means  of  a  siphon. 

Chemical  EzplanatioiL — Zinc  chloride  is  made  by  treating  zinc  with 
hydrochloric  acid,  the  reaction  being  as  follows: 

Zinc  plus  Hydrochloric  acid  give  Hydrogen  plus  Zinc  chloride. 
Zn     +  HCl  -  + 

Complete  this  equation. 

As  this  solution  is  supposed  to  be  made  from  commercial  zinc,  and  as 
this  usiudly  contains  iron,  the  iron  chloride  produced  when  such  metal  is 
dissolved  in  hydrochloric  acid  must  be  removed  from  the  solution.  This 
is  accomplished  by  adding  nitric  acid,  evaporating  the  solution,  and  finally 
fusing  the  dry  mass.  Neither  nitric  acid  nor  fusion  affects  the  zinc 
chloride,  while  nitric  add  and  fusion  convert  the  ferric  chloride  into  insolu- 
ble ferric  oxide,  and  when  the  fused  mass  is  treated  with  water,  the  zinc 
chloride  dissolves,  leaving  the  ferric  oxide  as  an  insoluble  residue. 

The  solution  is  too  caustic  to  be  filtered  through  paper,  so  the  ferric 
oxide  is  removed  by  sedimentation,  precipitated  zinc  carbonate  being 
added  to  aid  in  the  clarification. 

Calculations. — Figure  out  the  molecular  weights  of  hydrochloric  add 
and  of  zinc  chloride,  and  give  the  atomic  weight  of  zinc,  and  with  these 
figures  work  out  tlie  following  examples: 

1.  How  many  grammes  of  zinc  and  absolute  (100  per  cent.)  hydro* 
chloric  acid  needed  to  make  136  Gm.  zinc  chloride? 

2.  How  many  grammes  of  31.9  per  cent,  hydrochloric  add  needed  to 
make  136  Gm.  zinc  chloride? 

3.  How  much  zinc  chloride  in  50  Gm.  solution  of  zinc  chloride,  U.S.P., 
if  this  solution  contains  50  per  cent,  of  the  salt? 

4.  How  much  zinc  and  32  per  cent,  hydrochloric  acid  needed  to  make 
25  Gm.  of  zinc  chloride? 

5.  Then  how  much  zinc  and  32  per  cent,  hydrochloric  acid  needed  to 
make  50  Gm.  solution  of  zinc  chloride,  U.S.P.? 

Compare  with  quantities  given  in  above  recipe. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not 
identical  with  that  given  in  the  present  edition  of  the  pharmacopoeia. 
The  two  recipes  shoiSd  be  carefully  compared  by  the  student. 

Place  zinc  in  Erlenmeyer  flaak^  and  add  thereto  the  water  and  the  add. 

Digest  mixture  by  letting  stand  several  hours  in  a  warm  place — say,  on 


CHEMICAL   PREPARATIONS  997 

a  radiator  or  at  back  of  stove.  Note  evolution  of  hydrogen  gas  as  the 
zinc  dissolves  in  the  hydrochloric  acid. 

Pour  off  solution  (instead  of  filtering)  into  a  beaker  or  8-ounce  wide- 
mouthed  bottle,  and  evaporate  to  dryness  in  small  evaporating  dish  on 
sand-bath.  If  the  dish  is  not  large  enough  to  hold  all  the  solution  at  one 
time,  add  part  at  first,  and  when  this  has  evaporated,  add  the  rest.  When 
mass  is  dry, 

Fuse  cautiously,  so  as  to  not  exceed  the  pharmaoopoeial  temperature, 
else  the  zinc  chloride  loses  chlorine  and  decomposes.  A  thermometer  is 
not  necessary,  however,  if  the  mass  is  cautiously  fused  over  a  Bunsen 
burner. 

Dissolve  fused  mass  in  about  25  mils  distilled  water,  and  transfer  to 
tared  Erlenmeyer  flask.  Wash  out  dish  with  5  to  10  mils  water,  and  use 
this  water  for  bringing  the  weight  of  the  solution  in  Erlenmeyer  up  to  50 
Gm. 

Separate  clear  solution  by  decantation,  A  syphon  is  suitable  only  when 
a  large  quantity  is  made. 

UAKE  SOLUTION  OF  TERSULPHATE  OF  DtON 

Recipe, — ^Ferrous  sulphate,  in  clear  crystals 92.6  Gm. 

Sulphuric  acid 12.0  Gm. 

Nitric  add, 

Distilled  water,  each,  a  sufficient  quantity, 

To  make. ..  126  Gm. 

Add  the  sulphuric  acid  to  about  30  mils  of  distilled  water  in  a 
capacious  porcelain  dish,  heat  the  mixture  to  nearly  100°C.,  then  add  7 
Gm.  of  nitric  acid,  and  mix  well.  Divide  the  ferrous  sulphate,  coarsely 
powdered,  into  four  equal  portions,  and  add  these  portions,  one  at  a 
time,  to  the  hot  liquid,  stirring  after  each  addition  until  effervescence 
ceases.  When  all  the  ferrous  sulphate  is  dissolved,  if  the  solution  has 
acquired  a  black  color,  add  nitric  acid,  a  few  drops  at  a  time,  heating  and 
stirring  until  it  no  longer  causes  red  fumes  to  be  evolved,  and  the  solution 
assumes  a  clear,  reddish-brown  color;  then  boil  the  Uquid  until  it  is  free 
from  nitric  acid.  Lastly,  add  enough  distilled  water  to  make  the  product 
weigh  126  Gm.     Filter  if  necessary. 

Chemical  Explanation. — This  solution  is  prepared  by  the  oxidation  of 
green  ferrous  sulphate,  FeS04,  to  red-brown  ferric  sulphate,  Fe2(S04)8, 
through  oxidizing  action  of  nitric  acid  in  the  presence  of  sulphuric  acid. 
The  need  of  this  extra  sulphuric  acid  is  shown  in  comparison  of  the  for- 
mulas of  ferrous  sulphate  and  ferric  sulphate  respectively: 

Ferrous  evlphate.  Ferric  sulphate. 

FeSOi  FetfSOi), 

2FeS04  or  Fe2(S04)s  in  changing  to  Fe2(S04)a, 

requiring  an  extra  SO4  group. 

The  oxidizing  action  of  nitric  acid  is  fully  explained  on  p.  399,  and  there 
it  is  shown  that  every  two  molecules  of  nitric  acid  give  three  atoms  of 
oxygen  in  oxidations.  With  these  hints  construct  the  equation  repre- 
senting the  reaction,  viz. : 

Ferrous  sulphate  plus  sulphuric  acid  plus  nitric  acid  equals  ferric 
sulphate  plus  nitrogen  dioxide  plus  water. 

Note  that  the  red  fmnes  given  off  during  the  reaction  are  not  Ns02y 
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but  are  Ns04,  which  is  formed  the  moment  the  colorless  gas  NsOs, 
comes  in  contact  with  air,  viz.: 

NiOa    +    O,    =    N,04. 

Calculations. — Figure  out  molecular  weight  of  crystallized  ferrous 
sulphate  (FeS047H20),  sulphuric  acid,  nitric  acid,  and  ferric  sulphate, 
and  with  these  figures  work  out  the  following  examples: 

1.  How  many  grammes  cr3rstalline  ferrous  sulphate,  100  per  cent, 
sulphuric  acid,  and  100  per  cent,  nitric  acid  needed  to  make  1200  Gm.  of 
ferric  sulphate? 

2.  How  many  grammes  94  per  cent,  sulphuric  acid  needed  to  make 
1200  Gm.  of  ferric  sulphate? 

3«  How  many  granunes  68  per  cent,  nitric  acid  needed  to  make  1200 
Gm.  of  ferric  sulphate? 

4.  How  many  grammes  of  ferric  sulphate  are  contained  in  125  Gm. 
of  solution  of  ferric  sulphate,  U.S.P.,  which  is  about  36  per  cent.  Fe*- 

(SOOa? 

6.  How  many  grammes  of  crystalline  ferrous  sulphate,  94  per  cent, 
sulphuric  acid,  and  68  per  cent,  nitric  acid  needed  to  make  45  Gm.  ferric 
sulphate? 

6.  Then  how  many  grammes  of  these  three  constituents  needed  to 
make  125  Gm.  of  solution  of  ferric  sulphate,  U.S.P.? 

Compare  with  quantities  in  official  recipe. 

Remarks  on  I^ocess. — The  recipe  just  given  is  similar  to  but  not 
identical  with  that  given  in  the  present  edition  of  the  pharmacopceia. 
The  two  recipes  should  be  carefully  compared  by  the  student. 

Mix  sulphuric  add  and  water  in  tared  pint  evaporating  dish,  carefully 
pouring  acid  into  water  and  not  the  reverse. 

Add  the  ferrous  sulphate  gradually,  letting  reaction  end  before  adding 
another  of  the  four  portions. 

Add  the  nitric  acid  fairly  generously.  If  you  get  an  excess,  it  can  be 
driven  off  by  heating  mixture.  Do  not  add  too  much,  however,  as  it  will 
be  wasteful  of  the  acid,  and  will  also  require  long  heating  to  drive  it  all  off. 

//  the  liquid  is  blacky  it  means  an  insufficiency  of  nitric  acid.  Add  some, 
and  the  red  tint  will  come,  accompanied  by  evolution  of  N2O4  fumes. 

Boil  until  free  from  nitrous  odor,  that  is,  the  choking  odor  of  nitric  acid 
and  of  N2O4.    Experience  will  readily  teach  you  the  odor. 

Add  water  to  make  product  weigh  125  Qm.  To  do  this  easily,  be  sure  to 
tare  the  dish  before  starting. 

BXAKE  SOLUnon  OF  FERRIC  OTRATE 

Recipe, — Solution  of  ferric  sulphate 42.0  Gm. 

Citric  acid 16.0  Gm. 

,  ibnmonia  water 44.0  mils 

Water,  a  sufficient  quantity, 

To  make ...  60  Gm. 

Mix  the  ammonia  water  with  150  mils  of  cold  water,  and  the  solution 
of  ferric  sulphate  with  500  mils  of  cold  water.  Add  the  latter  solution 
slowly  to  the  diluted  ammonia  water,  with  constant  stirring.  Pour  the 
mixture  on  a  wet  muslin  strainer,  and  allow  the  liquid  to  run  off  and  the 
precipitate  to  drain.  Then  remove  the  moist  mass  from  the  strainer, 
mix  it  well  with  300  mils  of  cold  water,  again  pour  it  on  the  strainer,  and 
let  it  drain.     Repeat  this  washing  with  several  successive  portions  of 
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cold  water  in  the  same  manner,  imtil  the  washings  cease  to  produce  more 
than  a  slight  cloudiness  with  barium  chloride  test-solution.  Then  allow 
the  precipitate  to  drain  completely,  transfer  it  to  a  porcelain  capsule,  add 
the  citric  acid,  and  heat  the  mixture,  on  a  water-bath,  to  60°C.  stirring 
constantly  until  the  precipitate  is  dissolved.  Lastly,  filter  the  liquid, 
and  evaporate  it,  at  the  above-mentioned  temperature,  until  it  weighs 
60  Gm. 

Chemical  Explanation* — ^This  is  substantially  the  recipe  given  in  the 
present  edition  of  the  National  Formulary.  The  first  stage  of  the  process 
of  the  precipitation  of  ferric  hydroxide  from  the  solution  of  ferric  sulphate 
is  by  the  following  reaction: 

Ferric  Ammonium  Ferric  Ammomum 

sulphate      plus    hydroxide     give    hydroxide     plus    sulphate. 

Fe,(S04)3       +       NH4OH        =  + 

Complete  this  equation. 

The  ferric  hydroxide  is  freed  from  ammonium  sulphate  by  washing 
with  water,  and  is  then  treated  with  citric  acid,  which  converts  the  moist 
ferric  hydroxide  into  solution  of  ferric  citrate,  viz. : 

Ferric  Citric  Ferric 

hydroxide     plus         acid         give       citrate        plus       Water. 

Fei(OH)e        +       HaCeHsOT        «  -f 

Complete  this  equation. 

Calculations. — As  the  ferric  citrate  is  a  rather  variable  product,  con- 
taining excess  of  citric  acid,  attempts  to  figure  out  proportions  by  molecu- 
lar weights  are  of  no  avail. 

Remarks  on  Process. — Place  the  diluted  ammonia  in  a  quart  fruit-jar, 
and  pour  therein  the  solution  of  ferric  sulphate  diluted  with  500  mils  of 
water.  Note  the  red-brown  ferric  hydroxide  precipitates  as  a  magma 
(p.  145).     Note  that  this  is  an  antidote  for  arsenic  (p.  515). 

Pour  mixture  on  wet  mibslin  strainer,  spread  upon  a  straining  rack. 
Unless  the  strainer  is  of  fine  mesh,  the  precipitate  will  run  through.  If 
too  fine,  the  draining  will  be  a  slow  operation.  In  large  operations  it  is 
well  to  have  three  strainers  on  racks  placed  one  above  the  other,  and  the 
magma  is  poured  into  the  upper  one.  Most  of  the  precipitate  which 
passes  through  the  upper  strainer  is  caught  by  the  middle  one,  and  what- 
ever does  get  through  the  middle  one  is  caught  by  the  lowest  one.  In 
laboratory"  work  the  laying  of  a  6-inch  filter-paper  flat  on  the  strainer 
holds  the  magma  excellently.  Collect  drippings  in  pint  evaporating  dish 
and  return  to  strainer  whatever  passes  through  containing  magma.  The 
drippings  shoidd  be  clear  and  colorless. 

Remove  mass  from  strainer  while  washing.  This  part  of  the  pharmaco- 
poeial  process  is  a  smeary  process  in  the  laboratory  operation.  In  large 
operations,  where  the  strainer  is  fine  duck  attached  to  the  frame,  the 
magma  can  be  easily  scraped  from  the  strainer  with  a  big  spoon;  but  in  the 
laboratory  process  it  is  usually  better  to  wash  magma  while  on  the  strainer, 
and  that  either  with  a  syphon  (p.  130)  or  by  continuous  washing  with 
inverted  fiask  (p.  128).  In  washing  thus,  be  careful  not  to  disturb  the 
magma  so  that  it  will  run  through  strainer. 

Wash  until  drippings  give  no  precipitate  with  barium  chloride.  That 
is,  until  free  from  ammonium  sulphate. 

Transfer  magma  to  porcelain  capsule — that  is,  to  evaporating  dish,  by 
scraping  off  the  strainer  with  spatula  or  with  a  spoon. 
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Do  not  heal  magma  and  citric  acid  above  60^C. — ^that  is,  even  the  full 
heat  of  a  water-bath  is  apt  to  decompose  the  citrate. 

Filter  solution  and  evaporate  in  tared  pint  evaporating  dish. 

HAKE  SCALED  FERiaC  CITRATE  (U.S.P.  Vm) 

Recipe, — Solution  of  ferric  citrate 26  Gm. 

Evaporate  the  solution  on  a  water-bath,  at  a  temperature  not  exceed- 
ing 60^C.,  to  the  consistence  of  syrup,  and  spread  it  on  plates  of  glass,  so 
that;  when  dry,  the  salt  may  be  obtained  in  scales. 

Keep  the  product  in  well-stoppered  bottles,  protected  from  light. 

Remarks  on  Process. — Solution  of  ferric  citrate  (U.S.P.  1890)  is  about 
60  per  cent,  solid  ferric  citrate,  and  the  25  Gm.  should,  therefore,  yield 
about  12J^  Gm.  of  the  sealed  salt. 

Evaporate  at  low  temperature  (60^C.)  to  avoid  decomposition. 

Spread  syrupy  liquid  on  sheet  of  glass  or  on  a  pill-tile.  Be  sure  to 
spread  thinly,  using  glass  rod  in  getting  layer  smooth.  If  poured  on 
thickly,  opaque  scales  result. 

Leave  liquid  on  pkUes  until  perfectly  dry,  using  no  heat  whatever. 
Artificial  heat — even  a  radiator — causes  blisters. 

//  properly  prepared,  the  dry  salt  will  scale  off  the  pillrtile  without  scrap- 
ing, and  that  in  the  form  of  beautiful  shining  garnet  scales. 

Iron  and  ammonium  citrate  U.S.P.  is  made  similarly,  the  only  difference 
being  the  addition  of  ammonia  water  to  the  solution  of  ferric  citrate  before 
scaling. 

HAKE  BIASS  OF  FERROUS  CARBONATE 

Recipe. — ^Ferrous  sulphate,  in  clear  crystals 20.0  Gm. 

Monohydrated  sodium  carbonate 9.2  Gm. 

Clarified  honey 7.6  Gm. 

Sugar,  in  coarae  powder 6.0  Gm. 

Syrup, 

Distilled  water,  each,  a  sufficient  quantity, 

To  make. .  .20  Gm. 

Dissolve  the  ferrous  sulphate  and  the  monohydrated  sodium  car- 
bonate, each  separately,  in  40  mils  of  boiling  distilled  water,  and,  hav- 
ing added  4  mils  of  S3rrup  to  the  solution  of  the  iron  salt,  filter  both 
solutions,  and  allow  them  to  become  cold.  Introduce  the  solution  of 
n^onohydrated  sodium  carbonate  into  a  bottle  having  a  capacity  of 
about  100  mils,  and  gradually  add  the  solution  of  the  iron  salt,  rotating 
the  bottle  constantly  or  frequently,  until  carbonic  acid  gas  no  loneer 
escapes.  Add  a  sufficient  quantity  of  distilled  water  to  fill  the  botUe; 
then  cork  it  and  set  it  aside,  so  that  the  ferrous  carbonate  may  sub- 
side. Pour  off  the  supernatant  liquid,  and,  having  mixed  syrup  and 
distilled  water  in  the  proportion  of  one  volume  of  syrup  to  nineteen 
volumes  of  distilled  water,  wash  the  precipitate  with  the  mixture  by 
decantation  until  the  washings  no  longer  have  a  saline  taste.  Drain 
the  precipitate  on  a  muslin  strainer,  and  express  as  much  of  the  water 
as  possible.  Lastly,  mix  the  precipitate  at  once  with  the  honey  and 
sugar,  and,  by  means  of  a  water-bath,  evaporate  the  mixture  in  a  tared 
dish,  with  constant  stirring,  until  it  is  reduced  to  20  Gm. 

Chemical  Explanation. — When  solutions  of  ferrous  sulphate  and 
sodiiun  carbonate  are  mixed,  ferrous  carbonate  precipitates  in  the  form 
of  a  slate-gray  solid,  viz. : 
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FerrouB  Sodium  Ferrous  Sodium 

sulphate      plus    carbonate     give    carbonate     plus    sulphate. 

FeS047H,0     -f    Na2CO,H20     =  + 

Complete  this  equation. 

Ferrous  carbonate  is  a  very  unstable  substance,  being  converted 
by  action  of  the  atmosphere  into  red-brown  subcarbonate  of  iron — a 
mixture  of  ferrous  carbonate  and  ferric  oxide.  This  change  will  be 
noted  during  the  manufacture  of  the  mass  in  all  portions  not  protected 
from  atmospheric  action. 

The  presence  of  saccharine  matter  retards  this  change,  and  this 
explains  why  the  precipitate  is  washed  with  water  containing  syrup, 
and  why  the  finished  product  is  preserved  with  sugar  and  honey.  The 
precipitation  is  directed  to  be  performed  in  a  flask  which  is  to  be  kept 
closed  as  much  as  possible,  in  order  to  lessen  atmospheric  action.  It 
will  be  seen  above  that  the  other  product  of  the  reaction  is  sodium 
sulphate,  and  the  precipitate  is  to  be  washed  free  from  this  with  water 
and  syrup. 

Calctilations. — ^The  pharmacopoeia  directs  that  the  mass  contains  at 
least  35  per  cent,  of  ferrous  carbonate  and  how  near  this  is  to  the  theo- 
retical amount,  the  following  calculations  will  show. 

Estimate  molecular  weight  of  crystalline  ferrous  sulphate  (FeS04- 
THjO),  of  monohydrated  sodium  carbonate  (Na2C03H20),  and  of  ferrous 
carbonate,  and  from  the  figures  work  out  the  following  examples: 

1.  How  many  grammes  monohydrated  sodium  carbonate  will  com- 
bine with  278  Gm.  crystalline  ferrous  sulphate? 

2.  How  many  grammes  ferrous  carbonate  can  be  made  from  278 
Gm.  crystalline  ferrous  sulphate? 

3.  How  many  grammes  of  monohydrated  sodium  carbonate  will 
combine  with  20  Gm.  of  crystalline  ferrous  sulphate? 

4.  How  many  grammes  ferrous  carbonate  can  be  made  from  20  Gm. 
crystalline  ferrous  sulphate? 

5.  How  many  grammes  of  ferrous  carbonate  should  there  be  in  20  Gm. 
mass  of  ferrous  carbonate? 

6.  Then  what  percentage  of  ferrous  carbonate  should  there  be  in 
mass  of  ferrous  carbonate? 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not 
identical  with  that  given  in  the  present  edition  of  the  pharmacopoeia. 
The  two  recipes  should  be  carefuUy  compared  by  the  student. 

Dissolve  the  ferrous  sulphate  in  water  in  one  beaker. 

Dissolve  the  sodium  carbonate  in  water  in  the  other  beaker. 

Filter  the  sodium  carbonate  solution  into  Erlenmeyer  flask,  to  which 
a  cork  should  have  been  previously  fitted. 

Filter  the  ferrous  sulphate  solution  into  the  beaker  just  emptied  after 
it  has  been  washed  and  dried. 

Cork  the  Erlenmeyer  flask  as  soon  as  convenient,  after  adding  the 
ferrous  sulphate  solution,  but  be  careful  not  to  allow  enough  carbon 
dioxide  to  collect  to  explode  the  flask.  Open  flask  from  time  to  time 
to  let  collected  gas  escape,  but  only  for  a  moment  each  time.  Be  sure 
to  fiQ  flask  with  water. 

Wash  precipitate  on  same  kind  of  strainer  used  for  ferric  hydroxide 
in  making  ferric  citrate. 

Evaporate  mixture  in  tar^d  dishy  that  is,  in  an  evaporating  dish,  the 
weight  of  which  should  first  be  ascertained. 
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SKAKE  STRUP  OF  FERROUS  IODIDE 

Recipe. — Irony  in  the  form  of  fine,  bright  wire,  and  cut  into 

small  pieces IM  Gm. 

Iodine 4.16  Gm. 

Diluted  hypophosphorous  add 2.00  mils 

Sugar 60.00  Gbl 

Distilled  water,  a  sufficient  quantity, 

To  make . . .  100  6m. 

Introduce  the  iron  into  a  flask  of  thin  glass,  having  a  capacity  of 
about  50  mils,  add  to  it  15  mils  of  distilled  water,  and  afterward  the 
iodine.  Shake  the  mixture  occasionally,  checking  the  reaction,  if  neces- 
sary, by  the  affusion  of  cold  water,  and,  when  the  solution  has  acquired 
a  greenish  color  and  has  lost  the  odor  of  iodine,  heat  it  to  boiling  and 
add  at  once  5  Gm.  of  the  sugar;  when  this  has  dissolved,  filter  the  solutioD 
into  the  remainder  of  the  sugar  contained  in  a  porcelain  dish.  Rinse  the 
flask  and  iron  wire  with  123^  mils  of  distilled  water  and  pass  the  wash- 
ings through  the  filter  into  the  sugar.  Stir  the  mixture  with  a  porcdaio 
or  wooden  spatula,  heating  the  Uquid  on  a  water-bath  until  complete 
solution  is  effected,  and,  having  passed  the  syrup  through  a  clean  muslin 
strainer  into  a  tared  bottle,  add  the  diluted  hypophosphorous  acid  and 
sufficient  distilled  water  to  make  the  product  weigh  100  Gm. 

Chemical  Explanation. — Ferrous  iodide  is  made  by  the  direct  com- 
bination of  the  two  elements,  iron  and  iodine,  viz.: 

Iron     plus      Iodine       equal         Ferrous  iodide. 
Fe  +  I  « 

Complete  this  equation. 

Calculations. — Figure  out  the  atomic  and  molecular  weights  in- 
volved in  the  above  equation,  and  then  solve  the  following  probl«ns: 

1.  How  many  grammes  iron  needed  to  make  310  Gm.  ferrous  iodide? 

2.  How  many  grammes  iron  needed  to  make  5  Gm.  ferrous  iodide? 
S.  How  many  grammes  iodine  needed  to  make  310  Gm.  ferrous  iodide? 

4.  How  many  grammes  iodine  needed  to  make  5  Gm.  ferrous  iodide? 

5.  How  many  grammes  ferrous  iodide  in  100  Gm.  syrup  ferroitf 
iodide  (5  per  cent.)? 

6.  Then  how  many  grammes  of  iron  and  iodine  needed  to  make  100 
Gm.  syrup  of  ferrous  iodide? 

7.  Compare  these  figures  with  amounts  given  in  official  redpe.  The 
slight  excess  of  iron  is  used  to  insure  complete  combination  of  the  iodine. 

Remarks  on  Process. — The  recipe,  just  given  is  similar  to  but  ikh 
identical  with  that  given  in  the  present  edition  of  the  phannacopcei&. 
The  two  recipes  should  be  carefully  compared  by  the  student. 

The  iron  used  had  best  be  that  form  known  in  commerce  as  "card 
teeth. " 

Place  iron  either  in  Erlehmeyer  flask  or  in  large  test-tube. 

After  adding  the  iodine  it  is  well  to  plug  flask  with  a  pledget  of  cotton 
to  prevent  loss  of  iodine  by  volatilization. 

//  reaction  is  slow  on  starting,  very  genUe  heat  may  be  emjJoyed. 
Very  gentle  is  meant,  as  anything  more  will  cause  loss  by  volatilisation. 

//  reaction  becomes  violent^  check  it  by  holding  flask  under  runninf 
water. 

Have  the  sugar  in  tared  pint  evaporating  dishy  as  finished  product 
must  be  brought  up  to  a  certain  weight. 
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Keep  in  completely  fiMed  bottles,  else  it  turns  brown  with  decomposition 
of  the  ferrous  iodide.     One-ounce  bottles  well  corked  are  indicated. 

MAKE  SOLUTION  OF  LEAD  SUBACETATE 

Recipe, — ^Lead  acetate 18  Gm. 

Lead  oxide 11  Gm. 

Distilled  water,  a  sufficient  quantity, 


To  make. . .  100  Gm. 

To  the  finely  powdered  lead  oxide  contained  in  a  porcelain  dish, 
of  about  half-liter  capacity,  add  slowly  and  in  portions,  with  constant 
stirring,  the  lead  acetate  which  has  been  previously  dissolved  in  70  mils 
of  boiling  distilled  water,  and  boil  the  liquid  for  half  an  hour,  with  occar 
sional  stirring.  Finally^  when  cool,  filter  the  solution,  and  add  sufficient 
distilled  water,  which  has  been  previously  boiled  and  cooled,  to  make  the 
finished  product  weigh  100  Gm.  Keep  the  solution  in  well-stoppered 
bottles. 

Chemical  Explanation. — As  explained  on  p.  513,  a  ''sub"  salt  is  a 
basic  salt — that  is,  a  combination  of  a  salt  of  a  metal  with  the  oxide 
of  the  same  metal. 

In  the  preparation  under  consideration  the  ''sub"  salt  is  made  by 
direct  combination  of  the  salt  and  the  oxide,  lead  acetate  and  lead  oxide 
being  boiled  together  with  the  formation  of  lead  subacetate,  as  shown 
in  the  following  equation: 

Lead  acetate  plus     Lead  oxide    give      Lead  subacetate         plus       Water 

Pb(C,H,0,),3H,0         +  PbO  =         Pb,0(C,H80,),  -|-        3H|0. 

f  Soluble.)  (Insoluble.)  (Soluble.) 

Calctilations. — Figure  out  molecular  weights  of  the  three  lead  prepa- 
rations given  above,  and  from  these  figures  work  out  the  following 
examples: 

1.  How  many  grammes  lead  acetate  needed  to  make  548  Gm.  lead 
subacetate? 

2.  How  many  grammes  lead  acetate  needed  to  make  25  Gm.  lead 
subacetate? 

3.  How  many  grammes  lead  oxide  needed  to  make  548  Gm.  lead 
subacetate? 

4.  How  many  grammes  lead  oxide  needed  to  make  25  Gm.  lead 
subacetate? 

5.  How  many  grammes  lead  subacetate  in  100  Gm.  solution  of  lead 
subacetate  which  is  approximately  25  per  cent,  subacetate? 

6.  Then  how  many  grammes  of  lead  subacetate  and  lead  oxide 
needed  to  make  100  Gm.  solution  of  lead  subacetate? 

Compare  with  amounts  directed  in  official  recipe. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not  iden- 
tical with  that  given  in  the  present  edition  of  the  pharmacopoeia.  The 
two  recipes  should  be  carefully  compared  by  the  student. 

Dissolve  lead  acetate  in  pint  fiask. 

Pa^s  the  lead  oxide  through  a  No.  80  sieve  before  weighing,  then  put 
into  tared  pint  evaporating  dish. 

Boil  mixture  a  half-hour,  during  which  time  a  large  amount  of  the 
insoluble  lead  oxide  passes  into  the  soluble  lead  subacetate. 

AU  (he  lead  oxide  vriU  rwt  dissolve,  however,  and  that  is  the  reason 
an  excess  over  the  theoretic  amount  is  directed  in  official  recipe. 
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Add  hot  water  to  make  up  the  loss  of  evaporation,  otherwise  the  mix- 
ture will  evaporate  to  dryness  during  the  half-hour's  boiling. 

Make  finished  product  weigh  100  Gm.  by  adding  enough  freshly  boiled 
water.  Even  distilled  water  contains  carbon  dioxide  if  aUowed  to  stand, 
and  this  carbon  dioxide  will  precipitate  the  lead  as  lead  carbonate;  so 
boil  the  water  to  drive  oflf  the  dissolved  carbon  dioxide  before  using  it  as 
a  diluent.  ' 

Filter  in  closely  covered  funnel  and  keep  in  well-stoppered  bottles  to 
prevent  atmospheric  action.  The  air  contains  carbon  dioxide,  and  this 
precipitates  the  lead,  as  mentioned  above. 

UAKE  LEAD  PLASTER,  U.S.P* 

Recipe, — ^Lead  oxide 16  Gm. 

Olive  oil 30  Om. 

Water,  a  sufficient  quantity. 

Mix  the  lead  oxide,  previously  passed  through  a  No.  80  sieve,  inti- 
mately with  about  one-half  of  the  olive  oil,  by  trituration,  and  add  the 
mixture  to  the  remainder  of  the  oil  contained  in  a  bright  copper  boiler 
of  a  capacity  equal  to  at  least  four  times  the  bulk  of  the  ingredients. 
The  add  5  mils  of  boiUng  water,  and  boil  the  whole  together,  over  a 
fire,  constantly  stirring  with  a  wooden  spatula,  until  a  small  portion, 
when  dropped  into  cold  water,  is  found  to  be  pliable  and  tenacious. 
From  time  to  time  add  a  little  water  to  replace  that  lost  by  evaporation. 
When  the  contents  of  the  boiler  have  acquired  a  whitish  color  and  are 
perfectly  homogeneous,  transfer  them  to  a  vessel  containing  warm  water, 
and  as  soon  as  the  mass  has  sufficiently  cooled,  knead  it  well  with  the 
water  so  as  to  remove  the  glycerin,  renewing  the  water  from  time  to  time, 
as  long  as  it  may  be  necessary.  Finally,  divide  the  mass  into  rolls  of 
suitable  size. 

Chemical  Explanation. — As  learned  on  p.  665  when  an  oil — which 
is  the  combination  of  glycerin  with  oleic  acid  and  other  acids — ^is  treated 
with  the  hydroxide  of  a  metal,  glycerin  is  set  free  and  a  metallic  oleate 
is  formed.  Thus,  if  an  oil  is  treated  with  soda  (NaOH),  sodium  oleate 
or  hard  soap  is  formed;  if  the  same  oil  is  treated  with  potassa  (KOH), 
potassium  oleate  or  soft  soap  is  obtained. 

Therefore,  when  olive  oil  is  boiled  with  lead  oxide  in  the  presence 
of  water  (thus  forming  lead  hydroxide,  viz.,  PbO+HsO=Pb(OH)i), 
lead  oleate  is  produced  by  the  following  equation: 

Olive  oil 

(Olein) 

(Glyceryl  oleate)  plus  lead  hydroxide  give  lead    plaster    plus    glycerin 

C,H8(Ci8H,30,),       +  >Pb(OH),         =^  Pb(Gi8H„0,),    +'^C,Hs(OH),. 

Complete  this  equation. 

The  result  of  the  reaction  is  a  viscid  mass  consisting  chiefly  of  lead 
oleate,  and  called  lead  plaster,  and  by  kneading  this  lead  plaster  with 
water  the  glycerin  is  removed. 

As  the  olive  oil  contains  traces  of  glyceryl  palmitate  and  glyceryl 
stearate,  the  finished  plaster  contains  some  lead  palmitate  and  lead  stear- 
ate;  hence  it  is  not  a  definite  chemical. 

Calculations. — Since  we  are  not  dealing  with  definite  chemicals,, 
the  molecular  proportions  of  this  reaction  cannot  be  easily  worked  out; 
hence  they  are  omitted. 
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Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not 
identical  with  that  given  in  the  present  edition  of  the  pharmacopoeia. 
The  two  recipes  should  be  carefully  compared  by  the  student. 

Triiuraie  the  sifted  lead  oxide  in  mortar  with  about  half  the  oil,  rubbing 
it  with  small  portions  of  the  oil  at  a  time,  thus  using  the  oil  to  wash  the 
oxide  into  the  rest  of  the  oil  in  tn  the  evaporating  dish.  Be  sure  to  get 
all  the  oxide  out  of  the  mortar  into  the  dish. 

The  pl(ister  should  be  cooked  in  a  copper  boiler,  since  the  lead  is  apt 
to  attack  glass  or  porcelain,  dissolving  off  some.  For  the  small  amount 
we  are  making,  however,  the  pint  evaporating  dish  can  be  used. 

Bail  mixture  in  dish  over  Bunsen  burner  flame  on  wire  gauze,  stirring 
with  wooden  paddle.  Both  glass  rod  and  steel  spatula  are  tabooed — 
the  first  for  fear  the  lead  might  attack  it;  the  steel  spatula  lest  the  oleic 
acid  attack  it. 

Replace  water  lost  by  evaporation,  and  that  only  cautiously,  adding 
boiling  hot  water.  The  temperature  of  the  boiling  plaster  mass  is  con* 
siderably  above  100**C.,  and  if  cold  water  is  added,  steam  will  be  developed 
with  explosive  suddenness,  sputtering  the  hot  plaster  mass  in  all  directions, 
and  rendering  the  operator  liable  to  severe  burns. 

The  mass  is  finished  when  a  drop  solidifies  in  water. 

After  kneading  out  the  glycerin  from  the  finished  mass  the  glycerin 
may  be  recovered  from  the  water  solution — from  the  wash-water — by 
evaporating  off  the  water  at  very  low  heat. 

Use  hydravi  water  for  the  kneading. 

MAKE  RESIN  PLASTER 

Recipe. — ^Resin,  in  fine  powder 8.6  Gm. 

Lead  plaster 20.0  Gm. 

Yellow  wax 1.6  Gm. 

Melt  the  lead  plaster  and  yellow  wax  together  with  a  gentle  heat; 
then  add  the  resin,  and,  when  it  is  melted,  mix  the  mass  thoroughly. 

As  this  mixture  is  a  galenic  preparation,  there  will  be  no  molecular 
calculations. 

Remarks  on  Process. — The  recipe  just  given  is  similar  to  but  not 
identical  with  that  given  in  the  present  edition  of  the  pharmacopoeia. 
The  two  recipes  should  be  carefully  compared  by  the  student.  Melt 
the  mixture  in  pint  evaporating  dish  and  strain  into  a  tin  or  tinned-iron 
dipper. 

SPREAD  A  RESm  PLASTER  4x6 

The  spreading  of  plasters  has  become  a  lost  art,  but  every  pharma- 
cist should  have  sufficient  practice  to  know  how  to  spread  one  in  an 
emergency. 

A  plaster  is  usually  spread  either  on  leather  (the  commercial  variety 
called  split  skin)  or  on  muslin.  This,  for  convenience,  we  will  call  the 
foundation. 

For  laboratory  practice  a  sheet  of  paper  can  be  used.  Let  the  material 
on  which  the  plaster  is  spread  be  sufficiently  large  to  permit  a  margin  of 
at  least  an  inch  all  around  after  the  plaster  is  spread. 

The  leather,  cloth,  or  paper  is  carefully  stretched  over  a  perfectly 
level  board  (the  clean  counter  will  do,  if  it  can  be  pierced  with  pins), 
and  fastened  down  at  margins  with  the  brass  or  nickle-headed  tacks 
known  commercially  as  thumb  tacks.  With  paper,  this  stretching  is 
unnecessary. 
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Strips  of  fairly  heavy  linen  paper  are  cut  with  an  exact,  sharp  mai^in, 
the  stripe  being  about  two  inches  wide  and  eight  inches  long.  The  stripe 
are  placed  on  the  stretched  plaster  paper  in  such  a  way  as  to  form  an 
exactly  even  frame  inclosing  a  space  the  size  of  the  plaster  directed  to 
be  spread;  in  this  case,  four  by  six  inches.  The  strips  are  fastened  at 
each  comer  by  thumb  tacks,  and  when  made  secure  the  tacks  originally 
used  for  stretching  the  leather — if  leather  is  used — may  be  removed. 

This  done,  the  plaster  mass  in  tin  dipper  is  cautiously  fused,  and 
when  melted,  small  portions  of  the  molten  mass  are  taken  out  with  a 
spatula  and  smeared  between  strips  and  foundation  in  very  thin  layer, 
in  order  to  fasten  the  strips  to  the  foundation.  Then  the  spatula  is 
carefully  cleaned  by  passing  through  a  fiame  of  Bunsen  burner  and 
wiping  off  on  paper.  The  foundation  should  be  placed  with  the  length 
running  with  the  length  of  the  counter,  and  on  this,  at  narrow  end  to 
the  left,  should  be  poured  the  fused  mass,  so  as  to  cover  about  one-third 
the  length  of  the  plaster.  Then,  without  loss  of  time,  the  spatula  should 
be  warmed  by  passing  through  the  flame,  and  being  held  in  the  light  band 


with  blade  slightly  inclined  forward,  but  perfectly  level,  about  one- 

auarter  to  one-half  inch  above  the  whole  width  of  plaster,  the  spatula 
lould  be  moved  rapidly  and  firmly  to  the  right,  pushing  before  it  the  still 
molten  plaster  mass  and  leaving  behind  a  smooth,  shining  spread  plaster. 

Remarks  on  Process. — The  spatula  should  be  at  least  eight  inches  long, 
and  should  not  be  sufficiently  heated  to  decompose  the  plaster  mass. 

The  plaster  mass  should  be  cautiously  fused — not  too  hot  to  decom- 
pose or  to  run  through  the  foundation,  and  yet  limpid  enough  to  remain 
fused  until  the  -plaster  is  entirely  spread. 

RunniTig  the  spatula  over  the  fused  mass  is  the  delicate  part  of  the 
process.  It  must  be  done  as  quickly  as  possible  lest  the  mass  solidifies 
before  the  process  is  complete.  The  spatula  must  be  held  perfectly 
steady  else  the  plaster  will  be  uneven. 

In  fastening  the  foundation  to  the  counter  place  it  an  inch  or  so  from  the 
edge  of  the  counter,  thus  leaving  a  rest  for  the  hand  holding  the  spatuta 
as  it  passes  over  the  mass. 

Remove  the  strips  from  the  plaster  by  taking  out  thumb  tacks  and  pull- 
ing off.     If  the  mass  is  brittle,  passing  a  warm  spatula  over  the  strips 
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sometimes  aids  in  loosening  them,  though  this  must  be  done  with  caution, 
lest  the  plaster  itself  becomes  smeary.  The  strips  removed,  a  clearly 
defined  plaster  should  remain,  the  excess  of  the  mass  having  been  re- 
moved with  the  strips. 

The  excess  of  mass  an  strips  can  be  scraped  off  the  strips  with  warm 
spatula  and  left  for  use  another  time. 

There  is  litiUe  lise  to  attempt  to  redeem  a  poorly  spread  plaster  by 
"reironing;"  that  is,  by  trjdng  to  smooth  it  with  a  warm  spatula.  The 
best  thing  to  do  is  to  scrape  the  mass  from  the  foundation  with  warm 
spatula  and  try  over  again. 

Other  plans  for  plaster  spreading  by  hand  have  been  followed  with 
more  or  less  success.  Thus,  for  the  paper  strips,  strips  of  pasteboard 
one-quarter  inch  thick  have  been  used,  and  the  entire  space  within  the 
frame  filled  with  the  molten  mass,  the  excess  being  scraped  off  with  the 
warm  spatula.    Others  cut  the  frame  from  an  entire  sheet  of  paper. 

For  m4ichine  spreading  of  planters,  see  p.  340. 

MAKE  YELLOW  MERCURIC  OXIDE 

Recipe, — Corrosive  mercuric  chloride 10  Gm. 

Sodium  hydroxide 4  Gm. 

Distilled  water,   a  sufficient  quantity. 

Dissolve  the  corrosive  mercuric  chloride  in  100  mils  of  warm  dis-  ^ 

tilled  water,  and  filter  the  solution.  Dissolve  the  sodium  hydroxide 
(which  should  contain  at  least  90  per  cent,  of  pure  anhydrous  sodium 
hydroxide)  in  100  mils  of  cold  distilled  water,  and  into  this  solution  pour 
gradually,  and  with  constant  stirring,  the  solution  of  corrosive  mercuric 
chloride.  Allow  the  mixture  to  stand  for  an  hour  at  a  temperature 
of  about  30**C.  stirring  frequently.  Then  decant  the  supernatant, 
clear  liquid  from  the  precipitate,  and  wash  the  latter  repeatedly  by  the 
addition  and  decantation  of  portions  of  distilled  water,  using  100  mils 
of  water  each  time.  Collect  the  precipitate  on  a  strainer,  and  continue 
the  washing  with  warm  distilled  water  until  a  small  portion  of  the  wash- 
ings, when  poured  on  a  little  mercuric  chloride  test-solution,  no  longer 
produces  a  yellowish  turbidity  at  the  lioe  of  contact  of  the  two  liquids. 
Then  allow  the  precipitate  to  drain,  and  dry  it  between  sheets  of  bibulous 
paper,  in  a  dark  place,  at  a  temperature  not  exceeding  30**C.,  and  keep 
it  in  well-stoppered  bottles,  protected  from  light. 

Chemical  Explanation. — When  solutions  of  mercuric  chloride  and 
of  sodium  hydroxide  are  combined,  yellow  mercuric  oxide  is  precipi- 
tated by  the  following  reaction: 

Mercuric  Sodium  Mercuric  Sodium 

chloride     plus  hydroxide  give      oxide      plus     Water      plus  chloride. 

HgQi       -I-       NaOH       =  +  -f 

Complete  this  equation. 

Calctilations. — ^Work  out  molecular  weights  of  mercuric  chloride, 
sodium  hydroxide,  and  mercuric  oxide  (HgO).  Prom  these  figures  work 
out  the  following  examples: 

1.  How  many  grammes  of  mercuric  oxide  can  be  made  from  271 
gm.  mercuric  chloride? 

2.  How  many  grammes  of  mercuric  oxide  can  be  made  from  10  Gm. 
mercuric  chloride? 

3.  How  many  grammes  of  sodium  hydroxide  (100  per  cent.)  will 
combine  with  271  Gm.  mercuric  chloride? 
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4.  How  many  grammes  of  sodium  hydroxide  (85  per  cent.)  will 
combine  with  271  Gm.  mercuric  chloride? 

5.  How  many  grammes  of  sodium  hydroxide  (85  per  cent.)  will 
combine  with  10  Gm.  mercuric  chloride? 

Compare  with  figures  given  above,  and  weigh  your  finished  mercuric 
oxide  to  see  if  it  agrees  with  the  theoretic  yield. 

In  the  recipe  given  above,  which  was  that  of  the  last  pharmacopoeia 
the  excess  of  sodium  hydroxide  is  to  insure  complete  precipitation  of  the 
mercury,  the  surplus  soda  being  washed  out  of  the  precipitate  with  water. 

Remarks  on  Process. — Dissolved  the  mercuric  chloride  in  Erlenmeyer 
flask  and  filter  into  an  8-ounce  wide-mouthed  bottle. 

Dissolve  the  sodium  hydroxide  in  pint  flask,  and  into  this  pour  the 
mercuric  chloride  solution. 

Wash  the  predpitcUe  by  decantation  as  far  as  possible,  and  finally 
throw  precipitate  on  plain  fiUer,  instead  of  on  strainer,  as  the  U.S.  P. 
directs.  Were  we  making  the  pharmacopoeial  quantity  (ten  times  our 
present  amount),  a  strainer  would  be  indicated,  but  with  the  small 
amount  we  have,  a  plain  filter  will  suffice. 

Wash  until  washings  no  longer  respond  with  mercuric  chloride  test- 
solution — that  is,  untU  free  from  sodium  hydroxide.  If  the  hydroxide 
is  present  in  water,  a  yellow  precipitate  (HgC))  is  produced  with  mercuric 
chloride  solution. 

In  testing  for  sodium  hydroxide  place  about  one  inch  of  the  mercuric 
solution  in  t^t-tube  and  pour  thereon  very  gently,  along  tilted  test- 
tube,  the  washings,  so  as  Ix)  permit  the  washings  to  float  on  surface  of 
the  mercuric  chloride  solution,  thus  forming  two  layers;  where  the  two 
layers  join — "the  point  of  contact" — ^the  yellow  color  appears. 

UAKE  OINTHIENT  OF  KERCURIC  NTTRATE 

Recipe. — Mercury 7.0  Gm. 

Nitric  acid 17.6  Gm. 

Lard,  free  from  water 76.0  Gm. 

To  make  about . . .     100  Gm. 

Heat  the  lard  in  a  capacious  glass  or  porcelain  vessel  to  a  tempera- 
ture of  105°C.  then  withdraw  the  heat,  and  gradually  add  7  Gm.  of  the 
nitric  acid.  When  the  reaction  moderates,  reapply  the  heat  until  effer- 
vescence ceases,  and  allow  the  mixture  to  cool  to  about  40^C.  Having 
dissolved  the  mercury  in  the  remainder  of  the  nitric  acid,  using  sufficient 
heat  to  prevent  the  solution  from  crystallizing,  add  this  solution  to  the 
lard  mixture.  When  the  mass  begins  to  congeal,  stir  it  thoroughly  with 
a  wooden  spatula  until  it  is  of  a  bright  citrine  color.  Contact  with 
metallic  utensils  should  be  avoided. 

Chemical  Explanation. — In  this  preparation  two  distinct  reactions 
occur:  In  the  first  place,  mercury  dissolves  in  nitric  acid  to  make  mercuric 
nitrate  by  either  of  the  following  equations: 

Hg     +    4HN0,     «     Hg(NO,),     +     NtO*     +     H«0. 
3Hg     -f    8HN0,     =     Hg(N0,)2     +    N,0,     +    H,0. 

Complete  these  equations. 

Then  the  white  lard  is  converted  into  the  lemon  yellow  solid  elaidin 
when  the  nitric  acid  is  added  to  it. 

Elaidin  has  the  same  empiric  formula  as  has  the  olein  of  the  oil, 
and  since  the  chemistry  of  the  change  is  complicated  (see  p.  652),  no 
molecular  weight  estimation  will  be  made. 
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Calculations. — ^As  just  mentioned;  no  calculation  can  be  made  on 
the  conversion  of  olein  of  the  lard  into  elaidin,  nor  is  the  amount  of 
nitric  acid  used  in  dissolving  the  mercury  in  accord  with  molecular  pro- 
portions; hence  the  amount  will  not  be  estimated. 

Remarks  on  Process. — The  present  pharmacopoeia  directs  that  the 
heat  of  reaction  be  45**C.    The  writer's  experience  has  been  that  a  tem- 
perature of  at  least  100°  is  essential  to  a  successful  reaction.    The  secret 
of  making  a  satisfactory  preparation  is  largely  the  proper  control  of  the 
temperature  as  explained  below. 

Put  lard  in  pint  evaporating  dish  and  heat  to  105°C.  on  wire  gauze. 

A  waier-baih  will  not  do,  as  the  lard  must  be  heated  to  105°C.  in  order 
to  get  reaction  started. 

Add  the  nitric  add  gradually,  not  allowing  heat  to  get  too  intense. 
If  reaction  has  gone  nicely,  an  orange-colored  liquid  results;  if  overheated, 
the  lard  turns  chocolate  brown. 

Reapply  heat  until  effervescence  ceases.  This  must  be  done,  cau* 
tiously,  else  the  mass  will  turn  dark.  It  must  be  heated  enough,  or 
else  the  finished  product  will  "work,"  frothing  out  of  container. 

Dissolve  the  mercury  in  nitric  add  in  Erlenmeyer  fiask.  Better  start 
it  before  treating  the  lard  with  nitric  acid. 

//  mercuric  nitraie  solution  crystallizes,  warm  it  before  mixing  with 
the  elaidin  mixture. 

Use  gUiss  rod  during  the  elaidin  reaction,  and  employ  a  wooden  paddle 
for  mixing  in  the  mercuric  nitrate  solution. 

BIAKE  BISMUTH  CmtATE 

Recipe. — ^Bismuth  subnitrate 10.0  Gm. 

Citric  acid 7.6  Gm. 

Distilled  water,  a  sufficient  quantity. 

Mix  the  bismuth  subnitrate  and  the  citric  acid  with  40  mils  of  dis- 
tilled water,  and  heat  on  a  bath  of  boiling  water,  with  frequent  stirring, 
until  a  drop  of  the  mixture  yields  a  clear  solution  with  ammonia  water. 
Then  add  500  mils  of  distUled  water,  allow  the  suspended  matter  to 
deposit,  wash  the  precipitate,  first  by  decantation,  and  afterward  on  a 
strainer,  with  distUled  water,  until  the  washings  are  tasteless,  and  dry 
the  residue  at  a  gentle  heat. 

Chemical  Explanation. — In  this  preparation  the  bismuth  subnitrate 
is  converted  into  bismuth  citrate  by  boiUng  with  citric  acid,  and  affords 
an  interesting  illustration  of  the  futility  of  the  old  terms,  "strong  acids" 
and  "weak  acids.''  According  to  that  doctrine,  nitric  acid  is  a  much 
"stronger"  acid  than  citric  acid,  and  yet  in  this  case  merely  boiling  of 
the  subnitrate  with  citric  acid  causes  the  driving  out  of  the  nitric  acid. 
This  is  made  possible  by  the  fact  that  nitric  acid  is  a  volatile  substance, 
while  citric  acid  is  fixed;  hence  the  boiling  gives  the  nitric  acid  the  oppor- 
tunity for  volatilizing,  and  the  citric  acid  at  the  same  time  combines 
with  the  metal. 

The  equation  of  the  change  is  as  follows: 

BiONO,H,0     +    HiCiiHsOtHjO     =     BiCeHjO,     +     HNO,     -h     HjO. 

Complete  this  equation. 

Calculations. — 1.  How  much  citric  acid  will  combine  with  305.  Gm. 
bismuth  subnitrate? 

2.  How  much  citric  acid  will  combine  with  10  Gm.  bismuth  sub- 
nitrate? 

64 


1010  PRINCIPLES   OP   PHARMACY 

3.  How  much  bismuth  citrate  can  be  made  from  305  Gm.  bismuth 
subnitrate? 

4.  How  much  bismuth  citrate  can  be  made  from  10  Gm.  bismuth 
subnitrate? 

Remarks  on  Process. — Boil  the  subnitrate  and  citric  acid  with  water 
in  pint  flask. 

Boil  until  drop  of  mixture  gives  clear  solution  with  a-mmonia.  Both 
the  subnitrate  and  the  citrate  are  insoluble  in  water,  but,  while  the 
subnitrate  wiU  not  dissolve  in  ammonia  water,  the  citrate  does.  Hence, 
when  aJl  the  subnitrate  is  converted  into  citrate,  the  entire  insoluble 
precipitate  will  dissolve  in  ammonia  water,  and  as  long  as  a  part  of  the 

Erecipitate  does  not  dissolve,  it  means  that  there  is  still  some  unchanged 
ismuth  subnitrate  and  the  boiling  must  be  continued. 

Carry  out  this  ammonia  solvbUity  test  by  dipping  glass  rod  into  the 
mixture  in  flask,  and  then  carefully  immersing  same  into  ammonia  water 
in  a  test-tube.  The  milky  drops  on  the  rod  will  be  dissolved  so  soon  as 
it  is  placed  in  ammonia  if  the  conversion  is  complete.  A  faint  turbidity, 
however,  is  permissible,  since  it  seems  practically  impossible  to  convert 
the  last  traces  of  the  subnitrate  into  the  soluble  citrate. 

Add  500  mils  water  to  wash  out  last  traces  of  nitric  and  citric  acid. 
In  this  case,  since  the  pint  flask  holds  but  450  mils,  filling  the  flask  with 
water  will  be  sufficient. 

Wash  precipitate  by  decantationf  then  on  strainer,  that  is,  just  as  you 
did  ferric  hydroxide.  With  the  small  amount  made  with  the  above 
quantities,  collecting  and  washing  on  plain  filter  (6-inch  paper)  will 
suffice. 

Dry  residue  at  gentle  heat — say,  on  top  of  radiator. 

MAKE  BISISUTH  AND  AMMONIUM  CrTRATE 

Recipe. — ^Bismuth  citrate 10  Gm. 

Ammonia  water, 

Distilled  water,  each,  a  sufficient  quantity. 

Mix  the  bismuth  citrate  with  20  mils  of  distilled  water  and  rub  it 
to  a  smooth  paste,  heat  the  mixture  on  a  water-bath,  and  gradually 
add  ammonia  water  until  the  salt  is  dissolved  and  the  liquid  is  neutral 
or  has  only  a  faintly  alkaline  reaction.  Then  filter  the  solution,  evaporate 
it  on  a  water-bath  to  a  syrupy  consistence,  and  spread  it  upon  plates  of 
glass,  so  that,  when  dry,  the  salt  may  be  obtained  in  scales.  Keep  the 
product  in  amber-colored,  well-stoppered  bottles,  protected  from  light. 

Chemical  Explanation. — ^As  mentioned  in  preceding  process,  bis- 
muth citrate  is  insoluble  in  water,  but  it  does  dissolve  in  ammonia  water, 
forming  with  it  a  loose  chemical  combination,  which,  when  scaled,  is 
soluble  in  water. 

Calculations. — As  the  combination  between  the  bismuth  citrate  and 
the  ammonia  is  very  indefinite,  no  attempt  will  be  made  to  work  out 
molecular  proportions. 

Remarks  on  Process. — Rub  bismuih  citrate  to  smooth  paste,  by  placing 
in  pint  evaporating  dish  and  triturating  with  water,  gradually  added, 
with  the  pestle. 

Gradually  add  ammonia  water  until  the  salt  is  dissolved — 10  mils 
usually  suffices.  An  excess  works  no  harm,  since  it  dissipates  during 
the  evaporation.  While  not  specified  by  the  pharmacopoeia,  the  addi- 
tion of  a  few  drops  of  ammonia  water,  from  time  to  time  during  the  evapo- 
ration, aids  in  getting  a  completely  soluble  product. 
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Evaporate  and  scale  as  in  making  ferric  citrate,  only  spread  the  thin 
syrup  very  thinly  on  glass.  If  spread  even  as  thin  as  ferric  citrate, 
opaque  scales  are  formed.     If  very  thin,  beautiful  pearly  scales  result. 

HAKE  LEAD  PLASTER  (U*&P*  Vm) 

Recipe. — Soap,  dried,  and  in  coarse  powder 10  Gm. 

Lead  acetate 6  Gm. 

Water,  a  sufficient  quantity. 

Dissolve  the  soap  in  35  mils  of  hoi  water  and  strain  the  solution. 
Dissolve  the  lead  acetate  in  25  mils  of  hot  water,  and  at  once  filter  the 
solution  into  the  warm  soap  solution,  stirring  constantly. 

When  the  precipitate  has  subsided,  decant  the  liquid,  and  wash  the 
precipitate  thoroughly  with  hot  water.  Transfer  the  mass  to  a  warm 
slab,  kneading  it  thoroughly  to  free  it  from  water.  Finally,  roll  the 
plaster  into  cylindric  forms  and  wrap  them  in  paraffined  paper. 

Chemical  Explanation. — This  type  of  lead  plaster,  prescribed  by  the 
last  pharmacopoeia  is  typical  of  the  Une  of  solid  oleates  (or,  more  correctly, 
oleo-palmitates)  such  as  those  of  zinc  and  of  copper.  These  are  made  by 
mixing  a  solution  of  castile  soap  (sodium  oleate  and  sodium  palmitate) 
with  a  solution  of  salt  of  the  metal  desired.  In  the  case  of  lead  plaster 
(U.S. P.  VIII.)  the  reaction  runs: 

Sodium  oleate  plus  lead  acetate  give  lead  oleate  plus  sodium  acetate. 

Write  out  the  equation  showing  this  reaction. 

As  neither  Castile  soap  nor  lead  plaster  are  definite  chemicals,  no 
attempt  will  be  made  to  calculate  quantities  by  molecular  weights. 

Remarks  on  Process. — Dissolve  the  soap  in  pint  flask,  and  strain  into 
pint  evaporating  dish. 

Dissolve  the  lead  acetate  in  another  pint  flask  (or  same  one,  carefully 
washed),  and  filter  into  soap  solution  in  dish. 

Knead  the  mass  on  pill-tUe. 
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.Ssculin,  828 
^thal,  650 
^ther,  592 

aceticus,  597 

fortior,  593 
^thiops  mineral,  561 
iEthylis  carbamas,  676 

chloridum,  588 
iEthylmorphinae       hydro- 

chloridum,  822 
-fitrophyllin,  782 
Agar,  636 

Agitation  as  aid  to  solu- 
tion, 121 
Afdycones,  639 
Aitken  tonic  pill,  314 
Alabaster,  466 
Albolene,  liquid,  578 
Albumen.    See  Albumin. 

as  clarifying  agent,  139 

egg,  843 

serum,  843 
Albumins,  842 
Alcohol,  589 

absolute,  591 

absolutum.  591 

as  a  fuel,  o8 

bibliography,  605 

dehydratum,  591 

dilutum,  591 

contraction  of  volume, 
123 

ethyl,  590 

lamp,  67 

methyl,  584 
,     woodj  684 

Alcoholic  extract  of  bella- 
donna, 273 

extracts,  268 

fermentation,  bibliogra- 


phy, 605 
>noloi 


Alcoholometer,  57 

exercises,  969 
Alcohols,  571 
Aldehyde,  598 
Aldehydes,  573 
Aldoses,  623 
Aletrin,  283 
Al{;aroth's  powder,  530 
Aliphato  resins,  773 
Alizarin,  789 

bibliography,  794 
Alkalies  as  solvents,  119 
Alkalimetry,  881 
Alkaline    antiseptic    solu- 
tion, 189 

cupric  tartrate,   V.   S., 
918 


Alkaline  earths,  459 

metals,  407 

solution  of  tar,  191 

sulphur  ointment,  337 
Alkaloidal  assays,  907 
Alkaloids,  796 

bibliography,  839 
Alligation,  59 

applied  to  specific  grav- 
ity, 63 
Allotropism,  380 
Alloys,  488 
Allspice,  752 

oil,  752 
Allyl.  613 

aldehyde,  613 

benzene,  720 

isothiocyanate,  613 

pyridine,  800 

sulphide,  613 
Allylene,  569 
Almond,  bitter,  706 

emulsion,  262 

essence,  180 

mUk,  262 


oil^  bitter.  704 
spirit,'  180 


syrup,  201 
Almonds,  sweet,  663 
Aloe,  792 

Barbadensis,  792 

purificata,  792 

socotrine,  792 
Aloes,  792 

and  iron  pills,  313 

and  mastic  pills,  313 

and  myrfh  pills,  313 

Barbadoes,  792 

bibliography,  794 

Cape,  792 

Curacao,  792 

extract,  281 

pills,  311 

purified,  792 

socotrine,  792 

tincture^  221 
Aloexanthm,  790 
Aloin.  790,  793 

bibliography,  794 
Aloinum,  793 
Alpha-eucaine,  809 
Alpha-naphthol,  785 

bibliography,  794 
Alpha-propyl-piperidine, 

800 
Althsea,  635 

bibliography,  638 
Alum,  491 

U.  S.  P.,  bibliography, 
498 

exsiccating,  974 

ferric,  512 

granulating,  972 

specific  gravity,  estima- 
tion, 971 
Alumen^  491 
Alumim  Hydras,  494 

hydroxidum,  494 


Alumini  sulphas,  494 
Aluminum,  488 
acetate,  494 
bibliography,  498 
chloride,     bibliography, 

498 
hydrate,  494 
hydroxide,  494 
sulphate,  494 
tests,  872 
Alumnol,  787 

bibliography,  794 
Alums,  bibuography,  498 

composition,  492 
American  hellebore,  830 
hemp,  761 
wormseed,  741 
Amides,  797 
Amines,  573 

bibliography,  586 
Ammonia',  449 
alum,  491 

aromatic  spirit,  180,  454 
bibliography,  459 
liniment,  265,  666 
soda  process,  433 
spirit,  451 
water,  450 

stronger,  450 
Ammoniac,  778 
bibliography,  783 
emulsion,  264 
Ammoniated    copper    sul- 
phate, 536 
glycyrrhizin,  642 

bibliography,  649 
mercury,  553 

bibliography,  565 
_  ointment,  333 
tincture  of  ergot,  235 

of  guaiac,  227 

of  valerian,  233 
Ammonii  benzoas,  452 
bromidum,  452 
carbonas,  452 
chloridum,  455 
iodidum,  456 
salicylas,  457 
valeras,  458 
Ammonium,  448 
acetate    solution,     189, 

461 
bibhography,  459 
bromide,  452 

bibliography,  459 
carbonate,  453 

bibliography,  459 
chloride,  455 

bibliography,  459 

trochee,  321 
cyanate,  674 
citrate,  456 
hydroxide,  bibliography, 

459 
iodide,  456 

bibuography,  450 

manufacture,  991 
nitrate^  457 
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Ammonium   nitrate,    bib- 
liography, 459 

phosphate,  458 

salicylate,  457 

sulphate,  458 
manufacture,  990 

sulphide,  458/ 
bibliography,  459 

sulphydrate,  458 

tests,  870 

valerate,  458 

bibliography,  459 
Amorphous      phosphorus, 
384 

substances,  145 

sulphur,  379 
Amphoteric  substances, 456 
Ampuls,  125 

biblioKraphy,  138 
Amygdala  amara,  706 

dulcis,  663 
Amygdalin,  705 
Amyi  alcohol,  616 
bibliography,  621 

nitris,  616 

nitrite,  616 

bibliography,  621 
Amylis  nitris,  616 
Amylopsin,  847 
Amylum,  633 
Ansdysis,  gasometric,  924 

gravimetric,  859 

qualitative,  859 

quantitative,  879 

systematic,  877 

volumetric,  859,  879 
Analytical  chemistry,  859 
Anesthesia,    bibliography, 

687 
Anesthetics,  bibliography, 

605 
Anethol,  721 

bibliography,  237 
Angelic  acid,  757 
Angles  of  crjrstals.  146 
Annydrogeraniol,  726 
Anilin,  694 

bibliography,  699 
Animal  charcoal,  386 
bibliography,  389 
purified,  386 
Anions,  352 
Anise,  749 

bibliography,  770 

ofl,  749 

spirit,  180 

-water,  174 
Anisol,  689 

bibliography,  699 
Animim,  749 

Anodyne,  Hoffmann's,  182 
Anthemis,  763 

bibliography,  772 
Anthocyans,  783 
Anthracene,  787 

biblio^phy.  794 
Anthracite  coal,  385 
Anthraquinone,  788 


Anthraquinone,      bibliog- 
raphy, 794 
Antidiphtheric     globulins, 
853 

serum,  853 

bibliography,  858 
Antidote  for  acids,  390 
Antidyspeptic  pills,  313 
Antifebrin^  696 
Antikamnia,  294,  696 

bibliography,  699 
Antimonial  powder,  294 

wine,  252 
Antimonic  oxide,  529 
Antimonii  et  potassii  tar- 

tras,  530 
sulphidum,  530 

purificatum,  531 

sulphuratum^  531 
Antimonous  oxide,  529 
Antimony,  528 

bibliography,  535 

oxide,  530 

and  potassium  tartrate, 
530 

sulphide,  530 

tests,  874 
Antimonyl,  530 
Antinervme,  697 

bibliography,  699 
Antipyrma,  682,  754 
Antipyrine,  682 

biDUo^phy,  685 
Antiseptic  solution,  189 

of  pepsin,  191 
Antitetanic  globulins,  854 

serum,  854 
Antitoxin,  855 
Antitoxins    and    vaccines, 

bibliography,  858 
Apiol,  722 

bibliography,  737 
Apocynem,  780 
Apocynum,  780 

oibliography,  784 

ffuidextract,  249 
Apomorphinse        hydro- 
chloras,  823 

hydrochloridum,  823 
Apomorphine,  822 

bibliography,  840 

hydrochloride,  823 
Aqua,  368 

ammonise,  450 
fortior,  450 

amjrgdalse  amarse,  174 

anisi^  174 

aurantii  florum,  175 
fortior,  175 

calcis.  186 

camptiorse,  175 

chlori,  374 

chloroformi,  176 

cinnamonii,  176 

creosoti,  176 

destillata,  368 
sterilizata,  368 

fceniculi,  177 


Aaua  fortisj  395 
hamamelidis,  177 
hydrogenii  dioxide,  370 
menthsB  piperitse,  177 

viridis,  174 
naphse.  175 
pha^easenica,  550 

nigra,  550 
phenoiata,  178 
regia,  396 
rosse,  177 
fortior,  177 
Aquse  Aromatic®,  174 
Aqueous  elixir  of  glycyr- 
rhiza,  207 
extracts,  268 
tincture  of  rhubarb,  237 
Arabic  acid,  633 

bibliography,  638 
Arabin,  633 
Arbutin.  648 
Archibald's       suppository 

machine,  325 
Archimedes  theorem,  54 
Ar^enti  cyanidum,  564 
lodidum,  564 
ultras,  5o2 

fusus,  563 
oxidum.  564 
Argyrol,  626     ' 
Arffloid,  756 
Arillus,  756 
Aristol,  724 
Aristolochine,  759 
Arnica,  764    * 
bibliography,  772 
flowers,  764 
root,  764 
tincture,  223 
.Amicse  flores,  764 
Amicin  764 
Amicine,  764 
Aromatic  elixir,  206 
of  glycyrrhiza,  207 
fluidextract,  246 
of    cascara,     bibliog- 
raphy, 256 
sagrada,  247 
powder,  291 
of  chalk,  294 
and  opium,  294 
solution  of  pepsin,  191 
spirit  of  ammonia,  180, 
464 
bibliography,  459 
sulphuric  acia,  401 
syrup  of  rhubarb,  198 

of  senna,  204 
tincture,  235 

of  rhubarb,  232 
vinegar,  256 
waters,  174 
Aromatized  castor  oil,  668 
Arsacetin,  698 
Arsenate  of  sodium,  626 
Arseni  iodidum,  527 

trioxidum,  624 
Arsenic,  621 
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Arsenic,  antidote,  bibliog- 
raphy, 521 

bibliography,  535 

flowers,  521 

tests^  873 

trioxide,  524 

white,  621 
Arsenical     solutions    Jour 

official,  187 
Arsenite  of  potassium  solu- 
tion, 525 
Arseno-organics,  608 

bibliography,  699 
Arsenous  acid,  524 
bibliography,  535 
solution,  185 

iodide,  527 

bibliography,  535 
Arsine^  522 

Artificial  fruit  essences,  bib- 
liography, 605 

silks,  631 
bibliography,  638 
A.  S.  and  B.  pills,  313 
As  libralis,  29 
Asafetida,  777 

bibliography,  783 

emulsion,  262 

milk,  262 

pills,  311 

tincture,  223 
Asafcetida,  777 
Asaprol,  787 

bibliography,  794 
Asbestos,  460 

as  filtering  agent.  135 
Ascaridole,  740 
Aseptol,  691 

biblio^phy,  699 
Ash,  estimation,  83 
Asparagin,  614 

bibliography,  621 
Aspidium,  75/ 

Dibliography,  771 

oleoresin,  254' 
Aspidosperma,  832 

nuidextract,  244 

quebrachoblanco,  832 
Aspirin,  710 
Assay  of  acetic  acid,  88 

of  acetone,  895 

of  aconite,  909 

of  aluminum  salts,  922 

of  ammonia  water,  889 

of  ammonium  bromide, 
905 
carbonate,  889 
chloride,  905 

of  antimony  and  potas- 
sium tartrate,  894 

of    aromatic    sulphuric 
acid,  888 

of  arsenic  trioxide,  894 

of  arsenous  iodide,  905 

of  belladonna  leaves,  909 
plaster,  909 
root,  909 

of  benzaldehyde,  912 


Assay  of  beta-eucaine  hy- 
drochloride, 889 

of  bismuth  and  ammo- 
nium citrate,  923 
salts,  923 
subcarbonate,  923 
subgallate,  923 
subnitrate,  923 
subsalic^rlate,  923 

of  boric  add,  888 

of    caffeine     sodio-ben- 
2oate,  890 

of    calcium    hypophos- 
phite,  906 
salts,  921 
sulpnide^  895 

of  canthandes.  908 

of  chlorinated  lime,  896 

of    chromium    trioxide, 
896 

of  cinchona,  907 

of  citral,  912 

of  citric  acid,  887 

of  colchicum  corm,  908 
seed,  908 

of  compound  effervesc- 
ing powder,  890 
solution  of  iodine,  897 

of  copper  sul]>hate,  896 

of  diluted  acetic  acid,  887 
hydriodic  acid,  906 
hydrobromic  acid,  887 
hydrochloric  add,  887 
hydrocyanic  acid,  903 
hypophosphorous  acid, 

nitric  acid,  887 
phosphoric  acid,  887 
sulphuric  add.  887 

of  extract  of  belladonna 
leaves,  909 
of  colchicum  oorm,  908 
of  hyoscyamus,  910 
of  nux  vomica,  910 
of  opium,  910 
of  ptiysosti^a,  910 
of  stramonium,  911 

of  ferric  chloride,  896 
dtrate,  896 
phosphate,  898 

of  ferrous  sulphate,  899 

of  fiuidextract  of  aconite, 
909 
of  belladonna  root,  909 
of  cinchona,  907 
of  colchicum  seed,  908 
of  guarana^  908 
of  Hydrastis,  909 
of  hyoscyamus,  910 
of  ipecac,  910 
of  nux  vomica,  910 
of  pilocarpus,  91 1 
of  stramonium,  911 

of  fused  silver  nitrate, 
904 

of  glacial  acetic  add.  887 

of  gold  and  sodium  cnlor- 
ide,  922 


Assay  of  gold  salts,  922 
of  guarana,  908 
of  Hydrastis,  909 
of         hypophosphorous 

add,  887 
of  hyoscyamus,  910 
of  iodine,  894 
of  ipecac,  910 
of  iron  and  ammonium 
citrate,  896 

and    quinine    citrate, 
896 
of  jalap,  908 
of  lactic  acid,  887 
of  lead  oxide,  900 
of  lithium  bromide,  905 

carbonate,  889 
of  magma,  889 
of  magnesia,  889 
of  magnesium  carbonate, 
889 

oxide,  889 

salts,  921 
of  mass  of  mercuiy,  904 
of    mercuric    salicylate. 

895 
of  mercury,  904 

salts,  922 

with  chalk,  904 
of  methyl  salicylate,  914 
of  mild  mercuious  chlor- 
ide, 895 
of  monohydrated  sodium 

carbonate,  889 
of  nux  vomica,  910 
of  oil  of  bitter  almond, 
904 

of  lemon,  912 

of  peppermint,  914 

of  rosemary,  914 

of  santal,  915 
of  opium,  910 
of  paraformaldehyde,  888 
of  phenol,  917 
of  phosphoric  add,  906 
of  phvsostigma,  910 
of  pills  of  ferrous  car- 
bonate, 902 
of  pilocarpus,  94 
of    potassium     acetate, 
890 

and  sodium    tartrate, 
890 

bicarbonate,  889 

bitartrate,  887 

bromide,  905 

carbonate,  889 

chlorate,  901 

citrate,  890 

hydroxide,  891 

hypophosphite,  906 

iodide,  905 

permanganate,  900 
of     predpitated     man- 
ganese dioxide,  900 
of  red  mercuric  oxide, 

904 
of  reduced  iron,  899 
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Assay  of  resorcinol,  dl8 
of    saccharated    ferrous 

carbonate,  901 
of  scammony,  908 
of  silver  nitrate,  904 

oxide,  904 
of  sodium  acetate,  890 
benzoate,  890 
bromide,  905 
carbonate,  889 
chloride,  905 
citrate,  890 
C3ranide,  904 
hydroxide,  891 
hypophosphite,  906 
idcQde,  905 
nitrite,  900 
perborate,  899 
phenols  ulphonate, 

918 
phosphate,  906 
salicylate,  890 
sulphite,  895 
thiosulphate,  894 
of  solution  of  arsenous 
acid.  894 
of    chlorinated    soda, 

896 
of  ferric  chloride,  896 
*     subsulphate,  896 

sulphate,  896 
of  formaldehyde,  888 
of   hydrogen   dioxide, 

899 
of  lead  subacetate,  900 
of  potassium  arsenite, 
894 
citrate,  890 
hydroxide,  891 
of  sodium  hydroxide, 
891 
of  storax,  913 
of  stramonium,  94 
for    stronger    ammonia 

water,  889 
for  strontium  bromide, 
905 
iodide,  905 
of  sugars,  918 
of  sulphates.  921 
of  syrup  of  ferrous  io- 
dide, 906 
of  hydriodic  acid,  906 
of  tartaric  acid,  887 
of  thymol  iodide,  896 
of  thyroids,  897 
of   tmcture   of   aconite, 
909 
of  belladonna   leaves, 

909 
of  cinchona,  907 
of  colchicum  seed,  908 
of  deodorized  opium, 

910 
of  ferric  chloride,  896 
of  hydrastis,  909 
of  hyoscyamus,  910 
of  iodine,  894 


Assay  of  nux  vomica,  910 
of  opium,  910 
of  physosti^ma,  911 
of  stramonium,  911 
of  trichloracetic  acid,  887 
of  uranium  salts,  923 
of  volatile  oU  of  mustard, 

906 
of  yellpw  mercuric  oxide, 
904 
mercurous  iodide,  895 
of  zinc  oxide,  889 
salts,  922 

Assaying,  859 
pharmaceutical,  907 

Assays,  alkaloidal,  907 
by  ignition,  923 
gasometric,  924 
gravimetric,  919 
physiological,  646 
saponification,  913 

Astral  oil,  577 
as  a  fud,  67 

Atmospheric  pressure,  bib- 
liography j  110 

Atom^  d!efinition,  346 

Atomic  theory,  bibliogra- 
phy, 366 
weight,  348 

Atophan,  875 

Atoxyl,  698 

Atropina,  803 

Atropinse  sulphas,  804 

Atropine,  803 
bibliography,  840 
oleate,  215 
sulphate,  804 

Aurantiamarin,  753 

Aurantii  amari  cortex,  753 
dulcis  cortex,  754 

Auri   et   sodii    chloridum, 
533 

Aurum,  532 

Average  dose,  27 

Avoirdupois  weights,  30 

Avogadro's  law,  bibliogra- 
phy, 366 

A:as  of  a  ciystal,  146 

BACiiiLi,  320 
Bacterial  vaccines,  856 
Badouin's  test,  655 
Baking  soda.     See  Sodium 

bicarbonate. 
Balance,  36 

analytic,  39 
its  rider,  39 

army  prescription,  39 

bibliography,  47 

care  of,  4^ 

Chaslyn,  42 

compound  lever,  42 

double    beam,    unequal 
arm,  42 

Joly,  53 

Mohr-Westphal,  51 

prescription,  38 

reading  zero,  41 


Balance,  requirements,  37 

single  beam,  equal  arm, 
37 
unequal  arm,  41 

testing,  37 

torsion,  43 
Balm,  748 
Balsam,  friar's,  224 

of  copaiva,  767 

of  fir,  766 

of  Peru,  768 

bibliography,  772 

of  Tolu,  769  ' 

bibliography,  772 

Turlington^  224 
Balsams,  768 

Balsamum      peruvianum, 
768 

tolutanum,  769 
Banana  oil,  614 

bibliography,  621 
Barbadoes  aloes,  792 
Barberry,  829 
Barii  dioxide,  477 
Barilla,  431 
Barium,  476 

bibliography,  477 

chloride,  477 

dioxide,  477 

nitrate,  477 

tests.  871 
Bark,  definition,  619 
Barker's  postpartum  pills, 

314 
Barley  sugar,  627 
Barrel  mill,  113 
Base,  definition,  358 
Basham's  mixture,  516 

bibliography,  521 
Basic  salts,  362 
Basilicon  ointment,  329 , 
Basis,  927 
Bassorin,  634 

bibliography,  638 
Bateman's  pectoral  drops, 

236 
Baths,  bibliography,-  80 

glycerin,  74 

sand,  73 

water,  74 
Baume    de    commandeur, 

224 
Baume     tranquille,     268, 

834    . 
Baum^'s  hydrometer,  49 
Bay  rum,  183 
Beads,  Lovi's,  52 
Beakers,  141  \ 

Bearberry,  648 
Bechi's,  test,  654 
Beef  extracts,  848 

tea,  848 

wine,  and  iron,  252 
Beer,  589 
Beet  ^ugar,  626 
Belladonna,    bibliography, 
841 

extract,  273 
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BeUadonna,     fluidextract. 
243 

leaves,  833 

liniment,  265 

ointment,  332 

plaster,  341 

root,  833 
Belladonnse  folia,  833 

radix,  833 
Belladonnine,  833 
Benne  oil.  655 
Benton-Hall  suppository 

molds,  325 
Benzaldehyde,  704 

bibliography,  713 
Benzaldehydum,  704 
Benzene,  685 

bibliography,  699 

formuTse,  685 
Benzin,  577 

bibliography,  586 

purified,  577 
Benzinum,  577 

purificatum,  577 
Benzoate  of   ammonium, 
452 

of  lithium,  447 

of  sodium,  428 
Benzoates,  tests,  869 
Benzoic  acid,  706 
bibliography,  713 
crystals,  manufacture, 

149 
subliming,  975 
Benzoin,  776 

bibliography,  783 

compound     tincture, 
224 
'  tincture,  224 
Benzoinated  lard,  661 

suet;  661 
Benzomum,  776 
Benzol,  685 
Benzonaphthol,  787 

bibliography,  794 
Benzopyrine.  683 

bibhosrapny.  685 
BenzosuTphiniae,  708 

bibliography,  714 
Benzosulpmnidum,  708 
Benzoylnsulphonio-imide, 

708 
Benzozol,  692 

bibliography,  699 
Benzyl  alcohol,  703 
Berbamine,  829 
Berberine,  780,  819 

bibliography,  840 
Berberis,  829 

bibliography,  841 

fluidextract,  249 
Bergamot  oil,  755 
Berry's  percolator,  165 
Berzelius'  affinity  theory, 

bibliography,  366 
Bestusheff's  tincture,  235, 
611 

bibliography,  521 


Beta-eucainse  hydrochlori- 

dum,  808 
Beta-eucaine,  808 
Betanaphthol,  786 

bibliography,  794 
Betol.  787 

bibliography,  794 
Bettendorf 's  test,  523,  874 
Bicarbonate  of.    See  under 
Metal;  thus,  bicarbon- 
ate of  potassium.    See 
Potassium  bicarbonate. 
of  soda,  434 
Bichloride  of  mercury,  554 

tablets,  318 
Bichromate  of  potassium, 

419 
BiHrubin,  853 
BiUverdine,  853 
Binary  compounds,  353 
Biniodide  of  mercury.  See 

Red  mercuric  iodide, 
Binoxide    of    manganese, 

487 
Biological  assays,  925 
Birch  tar,  bibliography,  772 
Bismuth,  538 
and  ammonium  citrate, 
541 
bibliography,  544 
manufacture,  1010 
betanaphthol,  786 
bibliography,  543 
citrate,  541 
bibliography,  544 
manufacture,  1009 
citrus,  541 
cream,  539 
hydroxide,  539 
bibliography,  544 
'    milk,  539 

oxide,  bibliography,  544 
oxides,  538 
subcarbonate,  542 
subgallate  bibliography, 

544 
subnitrate  bibliography, 

543 
subsalicylate,  543 

bibliogmphy,  544 
tests,  875 
Bisulphite  of  sodium,  429 
Bismuthi   betanaphtholas, 
786 
et  ammonii  citras,  541 
subcarbonas,  542 
subgallas,  543 
subnitras.  539 
subsalicylas,  543 
Bisulphite  of  sodium,  429 
Bitartrate    of    potassium, 

413 
Bitter  almond,  705 
bibliography,  713 
essence,  180 
oil;  706 
spirit,  177 
water,  174 


Bitter  apple,  647 
metallic  pills,  314 
orange,  nuidextract,  246 
peel^  753 

bibliography,  771 
tincture,  223 
wine  of  iron,  252 
Bitterless  syrup  of  quidri- 

dine,  203 

Bitummous  coal,  385 

Biuret,  677 

Black  draught,  218 

drop,  256 

haw,  743 

extract,  280 
lead  crucible882, 
mustard,  675 

bibliography,  684 
oxide  of  manganese,  487 

pepper,  762 
oil,  262 

snake  root,  758 
wash,  550 

and  yellow  wash,  bib- 
liography. 565 
Blackberry  cordial^  206 
root,  716 
syrup,  203 
Blcmched  almonds,  663 
Blast  lamp,  71 
Blaud's  p&ls,  312 

bibhography,  520 
Blistering  cerate,  328 
Blood  root,  829 
Blow  pipe,  71 
Blue  mass,  302,  552 
bibliography,  565 
making,  985 
ointment,  338,  552 
bibliography,  565 
vitriol,  537 
Blistering  colloid,  213 
Boiled  linseed  oil,  657 
Boiler,  94 
Boiling  point,  86 
estimation,  87 
of  liquids,  87 
when  reached*  86 
Bolting  cloth,  117 
Bone  black,  386 

oa,  386 
Boneset.    See  Ewpatarium, 
Boracic  acid,  387 
Borate  of  sodium,  429 
Borates,  tests,  865 
Borax,  430 
bead,  430 

tests,  878 
bibliography,  445 
Boric  acid,  387 
ointment,  331 
tests,  865 
Bomeol,  735 

bibliography,  738 
Boroglyceim,      glyoemte, 
211 


bibliography,  621 
glycente  of,  211 
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BoroQj  386 

biblio^phy,  389 
Boro-salicylated  powder  of 

talC(294 
Botanical  name,  24-25 
Bottle,  receiving,  159 
Bougies,  326 
Boule  de  Mars.  518 

bibliograpny,  521 
Boulton's  solution,  191 
Brandy,  183,  689 
Brass,  536 

specific  gravity  estima- 
tion, 970 
Braunite,  485 
Brayera,  781 
Breast  plasters,  340 

tea,  294 
Brimstone,  379 
Bromacetanilide,  696 
Bromates,  test.  862 
Bromauric  acid,  534 
Brometone,  613 

bibliography,  621 
Bromic  acia  tests,  862 
Bromide    of    ammonium, 
452 

of  calcium,  471 

of  lithium,  447 

of  potassium,  414 

of  sodium,  431 

of  strontium,  475 

of  zinc,  481 
Bromides,  tests,  862 
Bromine,  376 

bibliography,  388 

tests.  862 
Bromotorm,  582 

bibliography,  587 
Bromoformum,  582 
Bronze,  536 
Broom,  835 

top,  835 
Brown  mixture,  257 

bibliography,  268 
Bnicine,  816 

bibliography,  840 
Bruising,  111 
Buckthorn  bark,  791 
Buchu^  7461 

bibhography,  770 

fluidextract,  244 
Buhrstone  mill,  112 
Bulb,  definition,  620 
Bumping,  99 
Bunsen  burner,  69 

"strikmg  back,"  71 
Burdock,  646 
Burette,  46\ 
Burgundy  pitch,  774 
Dibliography,  783 
plaster,  343 
Burner,  Bunsen,  69 

fish  tail,  68 

Fletcher's  radial,  71 

M^er,  70 
Burnett's  disinfecting  fluid, 

482 


Burnt  alum,  493 
Burow's  solution,  189 
bibliography,  498 
Butane,  575 

Butter  of  antimony,  530 
bibliography,  535 
of  cacao.  659 
Butyl  alcohol,  613 
cnloral  hydrate,  614 
bibliography,  621 
Butyrates,  tests,  867 
Butyric  acid,  614 
aldehyde,  614 
ether,  614 
bibliography,  621 

Cacao,. bibliography,  685 

prseparata,  681 
Cachets,  296 

Cacodyl  and  cacodylates, 
bibliogniphy,  606 

reaction,  522 
Cacodylate  of  sodium,  604 
Cacodylic  acid,  603 
Cadaverine,  799 
Cade  ofl,  767 
Cadinene,  728 
Cadmium,  535 

bibliography,  543 
Caffeina,  678 

citrata,  679 
effervescens,  680 
Caffeinse  sodio-benzoas, 
679 

sodioHsalicylas,  679 
Caffeine,  678 

bibliography,  685 

citrated,  679 

effervescent  citrated,  680 

sodio-benzoate,  679 
Cajuput  oil,  740 
Camputene,  779 
Cake  sublimate,  106 
Calabar  bean,  836 
Calabarine,  836 
Calamine,  478 
Calamine,  758 
Calamus,  758 

bibliography,  771 
Calcii  bromidum,  471 

carbonas     prsecipitatus, 
472 

chloridum,  472 

glycerophosphas,  473 

hypophosphis,  473 

lactas,  474 

phosphas    prsecipitatus, 
474 

sulphas  exsiccatus,  475 
Calcination,  81 

operation,  81 
Calcined  magnesia,  461 

substances,  81 
Calcium,  466 

bibhography,  477 

bromide,  471 

carbonate,  471 

chloride,  472 


Calcium  glycerophos- 

phate. 473 

hydroxide,  solution,  468 

hypophosphite,  473 
bibliography,  477 

lactate,  474 

phosphate,  bibliography, 
477 
precipitated,  474 

sulphate  exsiccated,  475 

sulphide,  410 

tests,  871 
Calculations,    molecular 
weight,  378 

of  specific  gravity,  55-69 

water  of  ciystaUization, 
363 
Calendula,  764 

bibliography,  772 

tincture,  235 
Calisaya  bark,  830 
Calomel,  555 

and  jalap,  294 
Calumba,  780 

bibliography,  784 

flmdextract,  249 
Calx.  467 

chiorata,  374 

chlorinata,  374 

sulphurata,  470 
Cambogia,  777 
Camphene,  727 
Camphor,  733 

bibliography,  738  ) 

cerate,  329  -^ 

liniment,  265 

oU,  733 

ointment,  337 

powdering,  118 

spirit,  181 

subliming,  97 

water,  176 
Camphora,  733 

monobromata,  734 
Camphorated  brown  plas- 
ter, 344 

mother  plaster,  344 

oil,  266 

tincture  of  opium,  230 
Camphoric  acid,  734 

bibliography,  738 
Canada  turpentme,  766 

bibliography,  772 
Canadian  hemp,  780 
Canadine,  830 
Candy   medication,   bibli- 
ography, 323 
Cane  sugar,  626 
Cannabis  extract,  274 

Indica^  760 
bibhography,  771 

tincture,  224 
Cantharidal  collodion,  213 
Cantharides,  849 

bibliography,  857 

cerate,  328 

plaster,  341 

tincture,  224 
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Cantharidin,  849 
Cantharidis  tinctura,  225 
Cantharis,  849 
Caoutchin,  775 
Capaloin,  793 
Cape  aloes,  792 
Capillarity,  159. 
Capronic  acid.  622 
Capsaicin,  761 
Capsicum,  761 

bibliography,  771 

oleoresin,  254 

pilaster,  342 

tincture,  225 
Capsule  cleaner,  301 
Cafisules,  297 

bibliography,  301 

filling,  298 

hard,  297 

soft,  298 
Caramel,  627 

bibliography,  638 
Caraway,  751 

bibliography,  790 
Carbamic  acid,  676 
Carbo,  385 

animalis,  386 
purificatus,  386 

ligni,  386 
Carbohydrates,  622 

bibliography,  637 
Carbolated  glycerin,  212  * 
Carbolic  acid,  687 
crude,  689 

oil,  689 

salve,  334 
Carbon,  385 

bibliography,  389 

crystals,      manufacture, 
149 

disulphide,  382 
as  a  solvent,  120 
bibliog;raphy,  389 

oxychlonde,  676 

tetrachloride,  583 
bibliography,  687 
Carbonate  oi  ammonium, 
453 

of  calcium,  471 

of  iron,  saccharated,  504 

of  lithium^  447 

of  magnesia,  462 

of  potassium,  415 

of  soda,  431 

of  zinc,  precipitated,  481 
Carbonates^  tests^  866 
Carbonei  disulphidum,  382 
Carbonic  acid  tests,  866 
Carbonization,  81 

operation,  83 
Carboy  trunnion,  390 
Carboys,  390 
Cardamom,  753 

bibliography,  771 

compound  tincture,  225 

tincture,  225 
Cardamomum,  753 
Carbbad  salts,  444 


Carmine,  850 
Carminic  acid,  783,  850 
Camallite,  407,  460 
Carotin,  783 
Carron  oil,  265 
Carum,  751 
Carvacrol,  726 

bibliography.  737 
Carvestrene,  727 
Carvone,  725 

bibliography,  737 
Caryophyllene,  728 
Caryophyllus,  748 
Cascara  Sa^rada^  791 

aromatic  fluid  extract, 

247 
bibliography,  794 
extract,  274 
flmdextract,  246 
Casein,  844 

varnishes,  338 
Cassia  cinnamon,  745 

fistula.  635 
bibhography,  638 

flash,  746 

oU,  745 
Cast  iron,  449 

bibliography,  620 
Castile  soap,  665 
Castner's      process      (for 

chlorine),  373 
Castor  oU,  657 

aromatized,  658 
bibliography,  671 
capsules,  658 
Cataplasm  of  kaolin,  339 

oibliography^  344, 
Cataplasma  kaolini,  339 
Cataplasms,  339 
Catechin,  768 
Catechu,  719 

troches,  322 
Catechu-tannio  acid,  718 
Cathartic  acid,  792 
Cations,  352 
Catnip,  748 
Cavenne  pepper,  761 
Celestite,  475 
Cell  contents,  620 

wall,  620 
Cells,  620 

Celluloid  bibliography,  638 
Cellulose,  628 

bibliography,  638 

tetramtrate,  630 
Celsius'  thermometer,  77 
Center  of  gravity,  37 
Centigrade    thermometer, 

77 
Centigramme.  33 
Centimeter,  33 
CentinormaJ       volumetric 

solutions,  880 
Centrifugal  extractor,    157 

sedimenter,  155 
Cephoelin,  827 
Cera  alba,  669 

flava,  668 


Cerasin,  634 

bibliography,  638 
Cerate,  328 

camphor,  329 

cantharides,  328 

compound  rosin,  329 

Goulard's  329 

of  lead  subacetate,  329 

resin,  329 
Cerates,  327 

bibliography,  344 

N.  P.,  329 

by  fusion,  328 

by  incorporation,  328 

N.  P.,  329 
Ceratum,  328 

camphors,  329 

cantharidis,  328 

plumbi  subacetatis,  329, 
648 

resinse,  329 

compK>situm,  329 
Ceresin  bibliography,  587. 
Cerii  oxalas.  495 
Cerium,  495 

oxalas,  495 

oxalate       bibliography, 
498 
Cerotinj  667 
Cerotinic  acid,  668 
Ceryl  alcohol,  667 

cerotate,  670 
Cetaceum,  669 
Cetyl  alcohol,  650 

palmitate,  651 
Ceylon  cinnamon,  744 
Chain  series,  568 
Chalk,  466 

mixture,  267 

bibliography,  268 

powder  compound,  291 

precipitated,  472 

prepared,  471 
Chalkus,  29 
Chamomile,  English,  764 

German,  764 

Roman,  763 
Champagne,  589 

bibho^raphv.  605 
Change  m  volume  in  solu* 

tion,  123 
Channing's  solution,  190 
Chapman's  dinner  pill,  313 

mixture,  258 
Character  of  solvent  influ- 
ence on  solution,  121 
Charcoal,  386 

as  fuel,  67 

as  gas   absorbent,   bib- 
liography, 389 

animal,  386 
purified,  386 

wood,  386 
Charta    potasidi    nitratiB, 
344 

sinapis,  344 
Chaser  mill,  113 
Chavicin,  761 
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Checking  the  prescription, 

947 
Chelerythrine,  829 
Chelidoniumi  S35 
Chemical  action  as  source 
of  heat,  66 

analysis  systematic,  877 

change,  346 

food,  203 

formula,  25 

preparations,  169 

solution,  120 
Chemism,  347 
Chemistry,  analytical,  859 

definition,  346 

organic.  567 
Chenopooium,  741 

oU,  740 
Chewing  gum,  776 
Chicle,  776 

bibhography,  783 
Chile  saltpeter,  378 
Chimaphila,  648 

fluidextract,  249 
Chimaphilin,  648 
Chimiphila    bibliography, 

650 
Chinese  wax,  670 

bibliography,  671 
Chininum     bihydrochlori- 

cum  carbamidum,  812 
Chinoidme.  831,  922 
Chirata,  643 

fluidextract,  249 

bibliography,  649 
Chiratin,  643 
Chloral,  599 

alcoholate,  600 

and  bromide  compound, 
258 

bibliography,  606 

camphor,  600 
biohography,  606 

formamide,  600 
bibliography,  606 

formamidum,  600 

hydrate,  599 

urethane,  601 
Chloralamide,  601 
Chloralum  hydratum,  599 
Chlorate  of  potash,  416 

of  sodium,  435 
Chlorates,  test,  862 
Chlorbutanol,  613 
Chloretone,  613 

bibliography,  621 
Chloride    of    ammonium, 
455 

of  calcium,  472 

of  ethyl,  588 

of  ^old  and  sodium,  533 

of  iron,  509 
solution,  510 
tincture,  510 

of  lime,  374 

of  mercury,  554 

of  methyl,  580 
of  sooium,  435 


Chloride  of  zinc,  482 
Chlorides,  test,  861 
Chlorinated  lime,  374 
bibliography,  388 

soda,  solution,  376 
Chlorine,  372 

bibliography,  388 

compound  solution,  190, 
874 

manufacture,  372 

test,  861 

water.  374 

bibliography,  388 
Chloroform,  580 

anodyne,  258 

as  a  solvent,  120 

bibliography,  587 

emulsion,  264 

liniment,  260 

lozenges,  322 

spirit,  181 

water,  176 
Chloroformum,  580 
Chlorophyll,  782 
Chocolate,  681 
Cholalic  acid,  853 
Cholesterin,  670 
Cholesterol,    bibliography, 

671 
Chondrus,  637 

bibliography,  638 
Chopping  drugs.  111 
Churchilrs   tincture  of  io- 
dine, 236 
Chrome  iron  ore,  496 

yellow,        bibliography, 
498 
Chromic  acid,  496 
Chromii  trioxidum,  496 
Chromium,  495 

bibliography,  498 

sulphate,  497 
bibliography,  498 

tests,  872 

trioxide,  496 

bibliography,  498 
Chiysarobm.  793 

bibliograpny,  794 

ointment,  332 
Chrysarobinum,  793 
Chrysophanic    acid,    789, 

793 
Cimicifuga,  758 

bibliography,  771 

extract,  274 

fluidextract,  244 

tincture,  235 
Cinchona,  830 

bibliography,  840 

compound  tincture,  226 

fluidextract,  245 

infusion,  218 

red,  831 

rubra,  831 

tincture^  225 
Cinchonidia.        See    Cin- 

chanidine. 
CinchonidinsB  sulphas,  814 


Cinchonidine,  814 

bibliography,  840 
Cinchoninsesulphas,      809, 

sulphate,  814 
Cinchonine,  809 
bibliography,  840 
sulphate,  809 
Cinene,  779 
Cineol,  735 
Cinnabar.  549,  661 
Cinnaldenydum,  721 
Cinnamein,  768 
Cinnamene,  769 
Cinnamic  acid,  720 
bibliography,  736 
alcohol,  720 

bibliography,  736 
aldehyde,  720 
bibliography,  736 
Cinnamon,  Cassia,  745 
Ceylon,  744 
oilj  744 

Saigon,  744  ' 

spirit,  181 
tincture,  226 
water,  176 
Cinnamons,    bibliography, 

770 
Cinnamomum  saigonicum, 
744 
zeylanicum,  744 
Circulatory  solution,  122 
Citral,  732 

bibliography,  737 
Citraria,  bibliography,  638 
Citrate  of  bismuth,  541 
of    bismuth    and    am- 
monia, 541 
of  iron,  518 

and  ammonium,  518 
and  quinine,  519 
and  strychnine,  519 
of  lithium,  448 

effervescent,  448 
of    magnesia,    solution, 

463 
of  potassium,  417 
of  sodium,  436 
Citrated  caffeine,  679 
Citrates,  tests,  867 
Citric  acid,  618 

bibliography,  621 
syrup,  196 
tests,  867 
Citrine  ointment,  560 
bibliography,  566 
Clarification,  139 
apparatus,  139 
bibliography,  139 
by  albumin,  139 
by  fermentation,  139 
by  gelatin,  140 
by  heating,  139 
by    increasing    fluidity, 

139 
by  mflk,  139 
by  sedimentation,  140 
operation,  139 
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Clarified  honey,  204 
Clavine,  837 
Clay,  489 
Cleavage,  147 
Clemeirs  solution,  191 
Clove,  748 

bibliography,  770 

oil,  748 
Coal,  385 

as  fuel,  67 

gas  as  fuel,  68 

oil,  577 

tar,  767 
camphor,  785 
creosote,  703 
solution,  191 
Coating  pills,  308 

bibliography,  323 
Cobalt,  487 
Coca,  832 

bibliography,  841 
Cocaina,  807 
Cocainse  hydrochloras,  807 

hydrochloridum,  807 
Cocame,  807,  832 

bibliography,  840 

hydrochloride,  807 

oieate,  215 
Cocatannic  acid,  832 
Coccus,  850 
Cochia  pills,  314 
Cochineal,  939 

bibliography,  857 

color,  190 
Cocoa,  681 

butter,  659 
Codeina,  823 
Codeinse  phosphas,  824 

sulphas,  824 
Codeine,  823,  838 

bibliography,  840 

phosphate,  824 

sulphate,  824 
Codex      medicamentarius, 

18 
Cod  liver  oil,  659    . 

biblio|p:aphy ,  671 
emulsion,  263 
manufacture,  985 
with     hypophos- 
phites,  264 
Coffee^  681 

bibhography,  685 
Cohesion,  346 
Cohobation,  172 
Coke,  385 

Colander  as  strainer,  131 
eolation^  130 
Colchiceine,  829 
Colchici  cormus,  829 

radix,  829 

semen,  829 
Colchicina,  826 
Colchicine,  826,  829 

bibliography,  840 
Colchicum  corm,  829 
bibliography,  841 

root,  829 


Colchicum  root  extract,  274 
seed.  829 
bioUography,  841 
fluidextract,  244 
tincture,  226 
wines,  252 
Cold  cream,  331 
making.  984 

Sressed  oils,  656 
e's  dinner  pHl,  313 
Collapsible  tubes,  336 
Collajgol,  565 
Collodion,  213 

bibliography^  215 

incompatibibties,  213 
CoUodions,  213 
Collodium,  213 

cantharidatum,  213 

iodi,  214 

iodoformi,  214 

flexile.  213 

salicylici      compositum, 
214 

stypticum.  214 

tigUi,  214 
Colloidal  sUver,  565,  625 
bibliography,  566 

solution,  119 
CoUoids,  153 

bibliography,  154 
CoUoxyhns,  630 
Collyna,  192 
Colocynth,  647 

bibliography,  650 

compound  extract,  275 

extract,  275 
Coloc3mthin,  647 
ColocynthiS;  647 
Cologne  spirits.    See   De- 
odorized alcohol. 

water,  183 
Colorimetric  assays,  924 
Colorless  hydrastine  solu- 
tion, 191 

tincture  of  iodine,  bib- 
lio^phy^  389 
Columbiaii  spirits,  584 
Columbic  acid,  780 
Columbin,  780 
Columbo  root,  780 
Combustion,  66 

bibliography,  80 

surface,  71 
Common  salt,  435 
Comminution,  111 

apparatus.  111 

as  aid  to  solution,  121 

object,  111 

varieties.  111 
Composition  powder.  294 
Compoimd  acetanilid  pow- 
der, 294 

anise  powder,  294 

A.  S.  and  B.  pills,  313 

cathartic  elixir,  208 
pills.  312 
bibliography,  323 
manuiacture,  980 


Compound  chalk  powder, 

croton  oil  liniment,  267 
decoction  of  sarsapariUa, 

219 
effervescing  powder,  291 
elixir  of  almond,  207 

of  blackberry,  210 

of  buchu,  207 

of  cardamom,  207 

of  corydalis,  208 

of  cramp  bark,  210 

of  formates,  208 

of  glycerophosphates, 
209 

of  orange,  252 

of  sodium   salicylate, 
210 

of  taraxacum,  207 

of  vanillin.  207 
extract  of  coloc3rnth,  275 
fluidextract  of  sarsapa- 
riUa, 245 
infusion  of  gentian,  218 

of  rose,  218 

of  senna,  217 
iron  mixture,  265,  605 
jalap  powder,  293 
laxative  pills,  314 
licorice  powder,  293 
liniment  of  must-ard,  267 

of  opium,  267 

of  soft  soap.  267 
mixture  of  glycyrrhisa, 

257 
molecule.  347 
piUs  of  aloin,  313 

of  antimony,  531 
powder    of    acetanilide, 
697 

of  glycyrrhiza,  293 

of  morphine,  293 
resorcinal  ointment,  337 
rhubarb  pills,  312 

powder,  293 
rosin  cerate,  329 
salicylic  collodion,  214 
solution  of  chlorine,  190, 
874 
bibliography,  388 

of  cresol,  186 

of    hypophosphites, 
191 

of  iodine,  187 

of  phosphates,  191 

oi  sodium  phosphate, 
441 

of  zinc  and  aluminum, 
192 
spirit  of  cardamom,  183 

of  ether,  182 

of  juniper,  181 

of  myrcia,  183 

of  orange,  180 

of  vanillin,  183 
syrup  of  actiea,  202 

of  Canada  snake  root, 
202 
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Compound  syrup  of  figs, 
203 
of     hydrochlorophos- 

phates,  203 
of  hypophosphites, 

201 
of  sarsapariUa,  199 
of  senna,  204 
of  squill,  200 
of  stillingia,  204 
of  white  pine  with  and 
without    morphine, 
203 
tar  ointment,  337 
tincture     of      benzoin, 
224 

of  cardamom,  225 
of  cinchona,  226 
of  cudbear,  237 
of  gambir,  227 
of  gentian,  227 
of  jalap,  236 
of  kino,  236 
of  lavander,  229 
of    viburnum    opulis, 
.     237 

of  zedoary,  237 
wine  of  rhubarb,  252 
Compounding  prescrip- 
tions, 941 
Compounds,  346 
binary,  353  . 
ternary,  353 
Compressed  tablets,  315 

bibliography,  323 
Condensation       equations 
and    data,    bioliogra- 
phy,  110 
of  a  vapor,  93 
upright,  101 
Condensed  milk,  849 
Condenser,  94 
invert,  101 
liebig,  96 
Condensing  worm,  97 
Conditions  of  boiling,  bib- 
liography, 110 
Condy's  fluid,  424 
Confectio  rosse,  303 

sennse,  303 
Confection  of  Damocratis, 
303 
bibliography,  323 
of  rose,  303 
of  senna,  303 
Confections,  303 
Coniine,  799 

bibliography,  839 
Conium,  835 

bibliography,  841 
fluidextract,  249 
Conseals,  297 
filling,  981 
Conserves,  303 
Contact  method,  sulphuric 

acid,  400 
Continental     method     of 
emulsification,  260 


Continuous       percolation, 
163 

washing,  128 
Contraction  of  volume  on 

mixing  alcohol,  123 
Contusing,  111- 
Convallamarin,  643 
Convallaria,  bibliography, 
650 

flowers,  643 

fluidextract,  249 

radix,  643 

root.  643 
Convallarin,  643 
Convolvulin,  646 
Conversion      of      English 
units  into  metric  units, 
35 

of  metric  units  into  Eng- 
lish units,  34 

of  thermometric  senlea, 
77,78 
Cooking  soda.   See  Sodium 

bicarbonate. 
Copaiba,  767 

bibliography,  772 

mass,  302 

oil,  768 

resin,  283 
Coi)per,  536 

bibliography,  543 

glance,  536 

m  extracts,  272 

oxides^  bibliography,  543 

suboxide,  537 

sulphate,  537 
bibliography,  543 
granulating,  972 

tests,  875 
Copperas,  507 
Coroiale  rubi  fructus,  206 
Coriander,  750 

bibliography,  770 

oil,  102,  750 
Coriandrum,  750 
Cork  borer,  98 
Corm,  829 

oil,  624 

starch,  633 
Comutine,  837 
Corrective,  927 
Corrosive    mercuric    chlo- 
ride, 554 
bibliography,  565 

sublimate,  554 
Cosmoline,  578 
Cotton,  629 

absorbent,  629 

as  filtering  agent,  135 
Cottonseed  oil,  656 
bibliography,  671 

root  bark,  778 

bibliography,  783 
Cotaminse       hydrochlori- 

dum,  824 
Cotamine     hydrochloride, 

824 
Couch  grass,  635 


Coumaric  acid,  721 

bibliography,  737 
Coumarin,  721 

bibliography,  737 
Coumannum,  721 
Court  plaster,  343 
Coxe's  hive  syrup,  200 
Cramp  bark,  744 
Cranesbill,  716 
Crayons,  school,  472 
Cream  of  tartar,  414 

bibliography,  425 
Creolin,  bioliography,  713 
Creosol,  713 

bibliography,  713 
Creosotal,  703 
Creosote,  702 
bibliography,  713 
carbonate,  703 
coal  tar,  703 
water^  176 
Creosoti  carbonas,  703 
Creosotum,  702 
Cresolol,  712 
Cresol,  701 

compound  solution,  186, 
773 
Cresylic  acid,  701 
Creta  praeparata,  471 
Crocetm,  643 
Crocin,  643 
Crocose,  643 
Crocus,  643 

martis,  518 
Croton    chloral    hydrate, 
614 
oil,  658 
bibliography,-  671 
collodion,  214 
Crucible  porcelain,  82 

tongs,  82 
Crucibles,  81 
black  lead,  82 
Gooch's,  137 
graphite,  82 
hessian,  82 
platinum,  82 
Crude  carbolic  acid,  687 
Crum's  test,  486 
Cryolite  process,  433 
Cryptogams  ^  in     distilled 
water,  bibliography,  388 
Crystal,  145 
angles,  146 
axes,  146 
edges,  146 
faces,  146 
groups,  147 
measurement,  147 
production  by  changing 
character  of  solvent, 
149 
by  cooling   hot  satu- 
rated solution,  148 
by  evaporation   of  a 

solution,  149 
by  fusion  and  partial 
cooling,  149 
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Crystal     production     by 
sublimation,  149 
by  use  of  electricity, 
149 
systems,  hexagonal,  147 
monoclinic,  147 
regular,  147 
rhombic,  147 
tetragonal,  147 
triclinic,  147 
Crystallin,  694 
Crystalline  bodies,  145 

sulphur,  379 
Crystallization,  145 
bibliography,  154 
exercises,  973 
objects,  147 
retarded,  443 
water  of,  149 
Crystallizing    apparatus, 
148 
jars,  148 
Crystallography.  147 
Crystalloids^  153 
Crystals,  acicular,  147 
obtained  by  sublimation, 

106 
prismatic,  147 
tabular,  147 
Cubeb,  762 
bibliography,  772 
fluidextract,  249 
oil,  762 
oleoresin,  254 
troches,  321    ' 
Cubeba,  762 
Cubebic  acid,  762 
Cubebin^  762 
Cubic  centimeter,  33 
Cubit,  29 
Cumene.  720 
Cumol,  bibliography,  736 
Cupels,  82 

Cuprammonium  com- 
poimds,      bibliography, 

Cupri  sulphas,  537 
Cupric  acetate,  538 

ammonium,  T.  S.,  873 

oxide,  637 
Cuprous  oxide,  537 
Curasao  aloes,  792 
Curcumin,  783 
Curtman's  still,  104 
Cusso,  781 
Cutting  drugs.  111 
Cyanic  acid,  674 
Cyanide  of  potassium,  419 

of  silver,  564 
Cyanides,       bibliography, 
684 

tests,  868 
Cyanogen,  672 

bibliography,  684 
Cymene,  723 

bibliography,  737 
Cyprepedium,  763 

bibhography,  772 


Cyprepedium,  fluidextract, 
Cystogen,  684 

Dalbt's  carminative,  258 
Damocratis  confection,  303 
Dandelion,  779 
Daphnetin,  759 
Daphnin,  759 
Daturine,  834 
Davy  safety  lamp,  73 
Deacon's  process,  372 
Deadly  nightshade,  833 
Decane,  650 
Decantation,  129 

apparatus,  129 

operation,  129 
Decigramme,  33 
Decimeter,  33 
Decinormal        volumetric 

solutions,  880 
Decocta,  218 
Decoction  of  Iceland  moss, 

218 
Decoctions,  218 

bibliography,  238 
Decoctum  cetrarisB,  218 

sarsaparill^e  compositum, 
219 
Decolonzation,  140 
Decolorized  tincture  of  io- 
dine, 236,  378 
Decrepitation^  151 
Definition,  official,  24 
Deflagrating  spoon,  83 
Deflagration,  81 

operation,  83 
"Degrees  Baum6,"  49 

conversion  into  specific 
gravity  units,  50 
Dehydrated  alcohol,  591 
Dehydrator,  623 
Dekf^ramme,  33 
Dekahydrated  sodium  car- 
bonate, 434 
Dekameter,  33 
Deliquescence,  151 
Delphinine^  836 
Delphinoidme,  836 
Denarcotized  opium,  838 

tincture  of  opium,  231 
Densimeter,  Rousseau's,  51 
Density,  47 

of  wax,  bibliography,  65 
Deodorant  solution,  192 
Deodorized  alcohol,  590 

opium^  838 

bibhographjr,  842 

tincture  of  opium,  231 
Deplegmation,  589 
Descnption,    official.     See 

Official  description. 
Drier's  salve,  329 
Desiccated    suprarenal 
glands.  851 

thyroid  glands,  851 
Desiccation,  81,  106 

apparatus,  108 


Desiccation,  bibliography, 
110 

objects,  108 
Desiccators,  110 
Dessertspoonful,  32 
Destructive  distillation,  83, 

108 
Dextrin  bibliography,  638 
Dextrogyrate    substances, 

614,  684 
Dextrogyre   tartaric   acid, 

614 
Dextrose,  624 
Dewee's  carminative,    258 

tincture  of  guaiac,  236 
Diaoetylmorpnina,  821 
Diacet^lmorphime    hydro- 

chloridum,  822 
Diacetylmorphine,  821 

hydrochlonde,  821 
Diachylon  ointment,  332 
Dialysates,  153 
Dialysis,  153 

bibliography,  154 

objects,  153 

operation,  153 
Dialyzed  iron,  153,  616 

bibliography,  526 
Diamonds,  manufacture, 

149 
Diastase,  848 

bibliography,  857 
Diastasum,  848 
Dichloi^ethylene,  688 

bibliography,  605 
Dichromate  ot  potassium, 

419 
Diethylbarbituric  add,  677 
D  i  e  t  h  y  1 B  u  Iphonmethyl- 

methane,  603 
Diffusion,  153 
Digallic  acid,  715 
Digitalein,  645 
Digitalis,  645 

bibliography,  660 

fluidextract,  244 

infusion,  217 

tincture,  226 
Digitin,  645 
Digitoflavin,  645 
Digitonin,  645 
DigitopHyllin,  645 
Di^^ toxin,  645 
Di-iodo-salol,  712 
Di-saccharides,  625 
Diluent,  927 
Diluted  acetic  acid,  603 

alcohol.  591 

hydrioaic  acid,  394 

hydrobromic  add,  393 

hydrochloric  add,  392 

hydrocyanic  add,  672 

hypophosphorous    add, 

metaphosphoricadd,  405 
nitric  acia,  395  ^ 
nitrohydrochloric    add, 
396 
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Diluted    phosphoric  acid, 
407 
solution  of  lead  subace- 

tate,  218,  647 
sulphuric  acid,  401 
Dimethyl-ketone,  607 
Dionin,  822 
Diosmin,  746 
Diosphenol,  746 
Dioxyanthra(|uinone,  780 
Di-oxy-benzoic  acids,  712 
Dioxymethyl    anthraquin- 

one,  789 
Diphtheria  antitoxin,   853 
Disaccharides,  625 
Disinfectants,  374 
Disintegrator,  Mead's,  113 
Dispensatories,  27 
Distillate,  03 
Distillation,  81,  98 
apparatus,  94 
bibliography,  110 
destructive,  83,  108 
fractional,  100 
objects,  93 
vacuum,  103 
with  steam,  102 
Distilled  extract  of  witch 
hazel,  177 
water,  173,  868 
waters,  171 
Distilling  ap^iances,  98 
exercise,  9/7 
flash,  95 
Dithymol  di-iodide,  724 
Diuretin,  680 

bibliography,  685 
Dobell's  solution,  191 
Dog  button,  835 
Dolomite.  460 
Donovans    solution,    186, 
627 
bibliography,  535 
Dose,  average,  27 
Doses  of  official  emulsions, 
264 
extracts,  280 
fluidextracts,  250 
^lycerites,  212 
infusions,  218 
lozenges,  322 
mixtures,  259 
oleoresins,  262 
pills,  314 
powders,  294 
resins,  283 
solutions,  189 
spirits,  183 
syrups,  204 
tmctures,  238 
waters,  178 
Double  decomposition,  400 
normal  sodium  hydrox- 
ide, vs.,  886 
salts,  362 
Dover's  powder,  293 

tincture,  236 
Drachm,  29,  31 
65 


Dried    antidiphtheric    se- 
rum, 853 

antitetanic  serum,  854 

hypophysis,  852 

tetanus  antitoxin,  854 
Dropper,  standard,  32 
Drops,  Hoffman's,  179 

size,  32 
Dru^s     containing     fruit 

acids,  619 
Drying  closets,  110 

gases,  127 
erbs,  110 

ovens,  110 
Dulcit^  622 

bibliography,  637 
Duotal,  692 
Dutch    process   for   white 

lead,  548 
Dyads,  352 
Dynamite,  612 


Earths,  alkaline,  459 
Eastman  capsule  filler,  30 
Easton's  syrup,  201 
Eber's  papyrus,  17 
Ebullition,  86 
Ecboline,  837 
Edges  of  crystals,  146 
Edward     I     statute     on 

weights,  30 
Effervescent  citrated,  680 

caffeine,  751 

lithium  citrate,  448 

magnesium  citrate,  464 
sulphate,  465 

potassium  citrate,  418 

salts,  152 

sodium  phosphate,  441 
manufacture,  994 

solution    of   magnesium 
sulphate,  101,  466 
of    sodium    citro-tar- 
trate,  192 
Effervescing  powder  com- 
pound, 291 
Efflorescence,  151 
Egg  albumin,  843 
bibliography,  867 

yolk,  bibliography,  857 
Elseoptene,  729 
EUeosacchara.    See    Oleo- 

sacchara. 
Maidic  acid,  652 

bibliography,  670 
Elaidin  reaction,  656,  727 
Elastica,  775 
Materin,  779 

bibliography,  784 

triturate,  295 
Elaterinum,  779 
Elaterium,  779 
Electric  stoves,  73 
Electricity,    as   source    of 
heat,  65 

in  making  crystals,  149 
Electrolytic  assays,  925 


Electron      theory,     bibli- 
ography, 366 
Electuaries,  303 
Element,  345 
Elemental  table,  352 
Elements,  table,  352 
Elixir  adjuvans,  206 
ammonii  bromidum,  207 

valeratis,  207 
amygdala   compositum, 

207 
anisi,  207 
aromaticum,  206 

rubrum,  207 
aurantii  amari,  207 
bismuthi,  207 
buchu,  207 

compositum,  207 
et  potassii  acetatis,  207 
calcii  bromidi,  207 
et  sodii   glycerophos- 

phatum,  207 
hypophosphitis,  207 
lactophosphatis,  208 
cardamom!  compositum, 

207 
cascaree  sagradse,  208 
catharticum       composi- 
tum, 208 
cinchonsB  alkaloidarum, 

208 
commendatoris,  224 
corrigens,  207 
coryaalis     compositum, 

208 
eriodictyi     aromaticum, 

207 
ferri  hypophosphitis,  208 
lactatis,  208 
phosphatis,  208 
pyrophosphatis,  208 
quminee   et  strych- 
ninse,  208 
quininse     et     strych- 
ninse,  208 
phosphatum,  206 
formatum^  208 

compositum,  208 
gentianse,  208 
et  ferri,  208 

phosphatis,  208 
glycerinatum,  208 
glycerophosphatum  com- 
positum, 209 
glycyrrhizffi      aquosum, 
207 
aromaticum,  207 
guaranse,  209 
humuli,  209 
hsrpophosphitum,  209 

et  ferri,  209 
lithii  bromidi,  209 
citratis,  209 
saUcylatis,  209 
of  ammonium  bromide, 
207 
valerate,  207 
of  anise,  207 
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Elixir  of  bismuth,  207 
of  black  haw,  210 
of  buchu,  207 

and    potassium    ace- 
tate, 207 
of  calcium  and  sodium 
glycerophosphates, 
207 
bromide,  207 
h3rpophosphite,  207 
lactophosphate^  208 
of  calisaya  alkaloids,  208 
of  cascara  sagrada,  208 
of  ferric  hypophosphites, 
208 
phosphate,  208 
pyrophosphate,  208 
of  formates  208 
of  gentian,  208 
and  ferric  phosphate, 

208 
and  iron,  208 
of  guarana,  209 
of  hops,  209 
of  hypophosphites,  209 

ana  iron,  209 
of  iron  lactate,  208 
of    iron,    quinine    and 
Btiychnine,  208 
phosphatis,  206 
of  lithium  bromide,  209 
citrate,  209 
salic^rlate,  209 
of  pepsin,  209 
ana  bismuth,  209 
and  iron,  209 
bismuth    and   strych- 
nine, 209 
of  phosphorus,  209 

and  nux  vomica,  209 
of  potassium  acetate,  209 
and  juniper,  209 
bromicle,  209 
of  pyrophosphate  of  iron , 
quinine    and    strych- 
nine, 208 
of  quinine  valerate  and 

strychnine,  209 
of  sodium  bromide,  210 
hypophite,  210 
salicylate,  210 
of   strychnine   valerate, 

210 
of  terpin  hydrate,  210, 
731 
and  codeine,  210 
of  three  bromides,  210 
of  vitriol,  402 

bibliography,  407 
of  sine  valerate,  210 
para^^oricus,  231 
pepsmi,  209 
et  bismuthi,  209 
bismuthi,    et   strych- 

ninse,  209 
6t  ferri,  209 
et    rennini    composi- 
tum,  209 


Elixir  phosphori,  209 
et  nucis  vomicsB,  209 
potassii  acetatis,  209 
et  mniperi,  209 
bromidi,  209 
quininse      valeratis      et 

strychninse,  209 
rubi  compositum,  210 
sodii  bromidi,  210 
hypophosphitis,  210 
sahcylatLs.  210 
compositum,  210 
strychninse  valeratis,  210 
taraxaci       compositum, 

207 
terpini  hydratis,  210 
et  codeinffi,  210 
et     diacetyl     mor- 
phinaa.  210 
trium  bromiaorum,  210 
vanillini       compositxmi, 

207 
vibumi   opuli    composi- 
tum, 210 
prunifolii,  210 
zinci  valeratis,  210 
Elixirs,  205 

bibliography,  215 
Elm,  636 
Elm,  bibliography,  638 

mucilage,  193 
Elutriation,  117 

bibliography,  118 
Emerald,  489 
Emerjr,  489 
Emetmce  hydrochloridum, 

827 
Emetine,  827 
bibliography,  840 
hydrochloride,  827 
Emodin,  790 

Emplastrum     adhsesivum, 
342 
ammoniaci  cum  hydrar- 

gyri,  555 
adonnffi,  341 

cantharides,  341 

capsici,  341 

elasticum,  342 

fuscum      camphoratum, 
344 

ichthvoooUse,  343 

picis  burgundies,  343 

plumbi,  342 

resinsB,  342 

saponis,  344 

sinapis,  342 
Empvreuma,  102|  645 
Emuisification,  continental 
method,  260 

English  method,  260 
Emukifiers,  acacia,  260 

caseine,  261 

chondrus.  260 

dextrin,  260 

extract  of  malt,  261 

quillaja,  261 

saponm,  261 


Emulsifiers,      tragacaath, 
260 
yolk  of  egg,  261 
Emulsin,  848 

bibliography,  857 
Emulsion  experiments,  985 
machines,  261 
of  almond,  262 
of  ammonis,  264 
of  asafetida,  262 
of  castor  oil,  264 
of  chloroform^  264 
of  cod  liver  oil,  263 

bibliography,  268 
with  calcium  lac- 
tophosphate, 
264 
phosphate,  264 
with  egg,  264 
with      hypophos- 
phites, 264 
with  malt,  264 
with  wild  cherry, 
264 
of  oil  of  turpentine,  263 

bibliography,  268 
of  petrolatum,  264 
of  silver  iodide,  564 
Emulsions,  259 
acacia,  985 
bibliography,  268 
egg,  986 
fbced  oils,  262 
flask,  986 
gum-resins,  262 
manufacture,  260 
splitting,  261 
Ehnulsum  ammoniaci,  264 
amygdalsB,  262 
asafoetid®,  262 
chloroform!,  264 
olei  morrhuse,  263 

cum  calcii  lactophos- 
phate,  264 
phosphate,  .264 
cum    hypophoephi- 

tibus,  264 
cum  malto,  264 
*  cum  pruno  viigini- 

ana,  264 
cum  vitello,  264 
ricinij  264 
terebmthinse,  263 
petrolati,  264 
Enfleurage,  739 
English  chamomile,  764 
extract    of    belladonna, 

269 
method    of    emuisifica- 
tion, 260 
official  name,  23 
Enteric  pills,  311 

bibhography,  323 
Enterprise  mill,  114 

preaa,  156 
Enzymes,  844 
and    toxins,     bibIioKm«> 
phy,  867 
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Ezizymo-refiins,  773 
Epinephrin,  720 

Dibbography,  736 
Epsom  salt,  464 
Equation  writing,  400 
Equations,  chemical,  354 
En;ot,  836 

bibuography,  842 

extra<^,  275 

fluidextract,  245 

wine,  252 
Ergota,  836 
Ergotin,  281 
Ergotinic  acid,  837 
Encolin,  648 
Erigeron  oil,  741 
Eriodictyon,  760 

fluidextract,  244 
Erythroxylon,  832 
Eseridine,  836 
Eserine,  825 

Essence  of  bitter  almond, 
180 

of  ginger,  234 

of  lemon,  182 

of  peppermint,  182 

of  wintergreen,  182 

of  vanilla,  234 
Essences,  loO 
Esters,  572 
Ethane,  575 
Ether,  592 

acetic,  507 

as  a  solvent,  125 

bibliography,  605 

compound  spirit,  182 

nitrous  spirit,  180 

petroleum,  577 

spirit,  179 

syrup,  504 
Ethereal  oil,  597 

bibliography,  606 

tinctures,  284,  237 
Ethers,  572 
Ethyl,  669 

acetate,  597 

alcohol,  590 

benzene,  719 

carbamate,  676 

chloride,  588 

bibliography,  605 

hydrate,  588 

morphine  hydrochloride, 
822 

nitrite,  595 

oxide,  592 

sulphate,  597 

sulphuric  acid,  593 
Ethylene  lactic  acid,  609 
Ethylidene  lactic  acid,  609 
Eucaine,  808 

Eucaines,  bibliography,  840 
Eucalyptol,  735 

bibliography,  738 
Eucalyptus,  745 

bibUography,  770 

fluidextract,  244 

oil,  746 


Eucerin,  662 

bibliography,  671 
Eu^nol,  721 

bibliography,  737 
Euonic  acid,  781 
Euonymin,  781 
Euonymus,  781 

bibliography,  784 
Extract,  281 

fluidextract,  250 
Euphorin,  677 

biblio^aphy,  685 
Eupatorm,  763 
Eupatorium.  763 

bibliograpny,  772 

fluidextract,  250 
Eupion,  703 
Euresol,  693 

bibliography,  699 
Europhene,  702 

bibliography,  713 
Evaporating  dishes,  90 
Evaporation,  81 

below  the  boiling  point, 
87 
conditions,  87 
operation,  88 

spontaneous,  89 
Exalgin,  697 

bibliography,  699 
Excelsior  sifter,  117 
Excipient,  304 
Excipients,  choice  of,  304 
Exhausting  the  drug,  164 
Explosions,  theory,  404 
Explosive       prescriptions, 

950 
Expressed  oil  of  almond, 

655 
Expression,  156 
Exsiccated  alum,  493 

calcium  sulphate,  475 

ferrous  sulphide,  508 

sodium  arsenate,  526 
carbonate,  434 
phosphate,  441 
Exsiccation,  81,  162 

experiments,  974 

objects.  152 
Extinguisning       mercury, 

302 
Extract,  fluid,  245 

of  aconite,  273 

of  aloes,  281 

of  apples,  ferrated,  281 

of  belladonna,  273 
leaves,  273 

of  cannabis,  274 

of  cascara  sagrada,  274 

of  cimicifuga,  274 

of  cinchona,  281  * 

of  colchicum  conn,  274 
root,  274 

of  colocynth,  275 
compound,  275 

of  conium,  281 

of  ergot,  275 
aqueous,  281 


Extract  of  euonymus,  281 

of  gentian.  276 

of  glycyrrhiza,  277 
pure,  277 

of  nematoxylon,  281 
.  of  hyoscyamus,  277 

of  ignatia.  281 

of  jalap,  281 

of  krameria,  281 

of  leptandra,  281 

of  logwood,  281 

of  malt,  278 

of  nux  vomica,  278 

of  opium,  279 

of  oxgall,  276 

of  physostigma,  279 

of  podophyllum,  281 

of  quassia.  281 

of  rhubarb^  279 

of  stramonium,  279 

of  sumbul,  280 

of  taraxacum,  280 

of  vanilla,  234 

of    viburnum     prunifo- 
limn,  280 

of  witch  hazel,  distilled, 
176 

(pomade),  239 
Extraction,  154 

bibliographv,  166 

objects,  154 

pnnciples,  154 
Extractive,  270 
Extracts,  274 

acetic,  276 

alcoholic,  268 

aqueous,  268 

bibliography,  284 

disadvantages,  270 

fluid,  245 

hydro-alcoholic,  268 

manufacture,  270 

strength,  271 
Extractum  aconite,  273 

aloes,  281 

belladonnse  foliorum,  273 

cannabis,  274 

cimicifugse,  274 

colchici  cormi,  274 

colocynthidis,  278 
compositum,  275 

ergotse,  275 

enonymi,  281 

fellis  bovis,  276 

gentianse,  276 

glycyrrhizsB,  277 
purum,  277 

hsematoxyli,  281 

hyoscyami,  278 

kramerisB,  281 

laptandrse,  281 

malti,  278 

nucis  vomicse,  278 

opii,  279 

pnysostigmatis,  279 

quassise,  281 

rnamni    purshians,  274 

rhei,  279 
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Extractum  stramonii,  279 
sumbul^  280 
taraxaci,  280 
vibumi  prunifolii,  280 

Eye-drop  flask,  bibliogra- 
phy, 205 

Faces  of  crystab,  146 
Fahrenheit's  thermometer, 

76 
Family  (plant),  25 
Fat-free  tincture  of  digi- 
talis, 226 
Fats.  653 

bibliography,  671 
Fatt^  series.  5o8 
Fehlmg's  solution,  918 
Fel  bovis,  852 

puri&catum,  853 
Felix  red,  757 
Fenchene,  141,  727 
Fenchone,  751 
Fennel,  750 
bibliography,  770 
oil,  750 
water,  177 
Fermentation,  588 

for  clarification,  139 
Ferrated     wine     of    wild 

cherry,  252 
Ferri    carbonas   sacchara- 
tus,  504 
chloridum,  509 
citras,  518 

et  ammonii  citras,  518 
sulphas,  512 
tartras,  518 
et  potassii  tartras,  518 
et  quininse  citras,  519 

solubilis,  519 
et  strychninsB  citras,  51*9 
hydroxidum,  575 

cum    magnesii  oxido, 
516 
hypophosphis,  511 
iodidum      saccharatum, 

506 
lactas,  507 

oxidum  hydratum,  575 
cum  magnesia,  516 
saccharatum,  516 
phosphas  solubilis,  520 
pyrophosphas    solubilis, 

520 
sulphas,  508 
exsiccatus,  508 
j^anulatus,  508 
Feme    acetate,    solution, 
517 
alum,  512 

anmionium  sulphate,  512 
chloride,  509 
bibliography,  521 
solution,  510 
tincture,  227,  610 
citrate,  518 

bibliography,  521 
scaling,  1000 


Ferric  hvdrate,  515 
with  magnesia,  516 
with   magnesium   ox- 
ide, 516 
hydroxide,  515 
hypophosphite,  511 
mtrate,  solution,  517 
phosphate,  520 

bibliography,  521 
pyrophosphate,  520 
bibliography,  521 
salts,  tests,  873 
Bubsulphate  solution,  513 
sulphate,  512 
bibliography,  521 
solution,  513         ^ 
valerianate,  512 
Ferricyanide  of  potassium, 

420  ' 

Ferrocyanide  of  potassium, 

420 
Ferrocyanides,  tests,  868 
Ferrous  carbonate,  504 
bibliography,  520 
"fluid,"  506 
mass,  302 
pills.  505 
saccnarates,  504 
chloride,  506 
iodide,  506 
pills,  507 
syrup,  506 
lactate,  507 

bibliography,  520 
oxalate,  509 
salts,  tests,  872 
sulphate,  507 
bibliography,  520 
crystallizmg,  974 
exsiccated,  508 
exsiccatine,  975 
granulated,  508 
granulating,  972 
Ferrum,  501 

reductum,  502 
Ferulaic  acid,  721 

bibliography,  737 
Fever  thermometers,  79 
"FF"  Ammonia,  451 
Fibrinogen,  843 
Ficus,  635 
Fiftieth-normal    sulphuric 

acid,  V.  a,  884 
Fig,  635 

Fies,  bibliography,  638 
Fi^,  rat  tafl,  98 
Filicic  acid,  757 
Filling  capsules,  298 
Filing     the     prescription, 

944 
FUter.  ^lain,  133 

plaited,  133 
Filtering  apparatus,  132 

media,  133 
Filter-paper,  bibliography, 
139 
folding,  133 
Filters,  asbestos,  135 


Filtef ,  ootton,  135 

paper,  133 

sand,  135 

stone,  135 
Filtrate,  131 
Filtration,  131 

bibliography,  139 

hotj  136 

rapid,  137 

sand,  132 

volatile,  136 
Fish  berries,  779 
Fish-tail  burner,  68 
Fittig  reaction,  700 
Fixed  oils,  653 
Mag,  sweet,  758 
Flame  tests,  879 
Flash  li|^t,  bibliography, 
477 

test  for  oils,  578 
Flask,  distilling,  95 

measurer,  46 
Flavored  syrups,  194 
Flaxseed,  663 

bibliography,  671 

poultice.  664 
Fleitmann^s  test,  523 
Flesh,  848 

Fletcher's  radial  burner,  71 
Flexible  collddium,  213 
Florentine  receiver,  141 
Flores  zinci,  483 
Flowers,  definition,  620 

of  arsenic,  521 

of  sulphur,  379 
Fluid,   ferrous   carbonate, 
506 
bibliography,  520 

glycerates,  251 
bibliography,  256 

hjrdrastis,  212 
Fluidextract,  aromatic,  246 

of  aconite,  245 

of  adonis,  249 

of  aletris,  249 

of  angelica  root,  249 

of  apocynum,  249 

of  aralia,  249 

of  arnica  flowers,  249 

of  asdepias,  249 

of  aspidosperma,  244 

of  baptisia,  249 

of  berberis,  249 

of  bitter  orange,  246 

of  boldo,  249 

of  buchu,  244 
compound,  249 

of  calendula,  249 

of  calumba,  249 

of  cannabis,  244 

of  cascara  sAgrada,  246 
aromatic,  247 

of  catnip.  249 

of  caulopnyllum,  249 

of  celery  fruit,  249 

of  chestout  leaves,  249 

of  chimaphila,  249 

of  chionanthua,  249 
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Fluidextract  of  chirata,  249 
of  cimicifuga,  244 
of  cinchona,  245 

aqueousi  249 
of  cocillana,  249 
of  coffee,  249 
of  colchicum  corm,  249 

seed,  244 
of  conium,  249 
of  condurango,  249 
of  coniiim,  249 
of  convallaria,  249 

flowers,  249 

root,  249 
of  coptis,  249 
of  comus,  249 
of  corydalis,  249 
of  cottonroot  bark^  249 
of  cubeb,  249 
of  cypripedium,  249 
of  damiana,  249 
of  digitalis,  244 
of  dioBcorea,  249 
of  drosera,  250 
of  dulcamara,  249 
of  echinacea,  250 
of  er^otj  245 
of  eriodictyon,  244 
of  eucalyptus,  244 
of  euonymus,  244 
of  eupatorium,  250 
of  euphorbium  piliilifera, 

250 
of  frangula,  246 
of  fucus,  250 
of  galega,  250 
of  gelsemium,  244 
of  gentian,  244 

by  repercolation,  978 

manufacture,  976 
of  geranium,  248 
of  ginger,  244 
of  glycyrrhiza,  247 
of  grindpUa,  244 
of  guarana,  244 
of  hamamelis  leaves,  250 
of  helianthemum,  250 
of  helonias,  250 
of  humuli,  250 
of  hydrangea,  250   . 
of  hydrastis,  245 
of  hyoscyamus,  244 
of  ipecac,  245 
of  iris  versicolor,  250 
-  of  jalap,  250 
of  {uglans,  250 
of  nmiper,  250 
of  kava,  250 
of  kola,  250 
of  krameria,  250 
of  lappa,  250  ^ 
of  leptandra,  250 
of  looelia,  245 
of  lupuSn,  250 
of  matico,  250 
of  mezereum,  250 
of  nux  vomica,  244 
of  parscoto,  250 


Fluidextract  of  pareira,  250 
of  parsley  root,  250 
of  Phytolacca,  250 
of  pilocarpus,  244 
of  podophyllum,  244 
of  pomegranate,  245 
of  quassia,  250 
of  quercus,  250 
of  rhamnus  catharticus, 

250 
of  rhubarb.  244 
of  rhus  glabra,  250 
of  rose,  245 
of  rubus,  250 
of  rumex,  250 
of  sanguinaria,  250 
of  sarsaparilla,  244 

compound,  247 
of  scoparius,  250 
of  Scutellaria,  250 
of  senecio,  250 
of  senega,  248 

bibliography,  256 
of  senna,  244 

bibliography,  256 
of  serpentaria,  250 
of  solanum,  250 
of  spigelia,  244 
of  squill,  248 
of  staphisagria,  244 
of  stiliingia,  244 

compound,  251 
of  stramonium,  250 
of  siunbul,  244 
of  taraxacum,  245 
of  thuja,  251 
of  thyme,  250 
of  trifolium,  251 
of  trillium,  251 
of  triticum,  246 
of  uva  ursi,  245 
of  valerian,  250 
of  verbascum,  250 
of  verbena,  251 
of  veratrum,  244 
of  viburnum  opulus,  260 

primifolium,  244 
of  wild  cherry,  250 
of  xanthoxylum,  244 
of  zea,  251 
Pluidextracts,  238 
bibliographv,  256 
by    hydraulic    pressure, 

242 
by  percolation  with  evap- 
oration, 239 

with    incomplete    ex- 
haustion, 242 

without    evaporation, 
240 
by  repercolation,  240 
history,  239 

made  with  acetic  acid, 
245 

with  acidulated  men- 
strua, 245 

with     alcohol     men- 
strua, 244 


Fluidextracts   made    with 
alkaline    menstrua, 
247 
with     aqueous    men- 
strua, 246 
with  glycerinic   men- 
strua, 244 
with        hydro-alcohol 
menstrua,  244 
manufacture,  239 
precipitate  in,  242 
preservation,  242 
Fluidextractum  aconiti,  245 
apocyni.  249 
conii,  249 
glycyrrhizffi,  247 
robeliffi,  245 
nucis  vomicse,  244 
rhamni   pursnianse   aro- 

maticum,  247 
sanguinariae,  250 
sarsaparillse       composi- 

tum,  247 
scillse,  248 
senegae,  248 
sennse,  244 
taraxaci,  245 
tritici,  246 
Fluorides,  tests,  863 
Fluorspar,  466 
Flux,  460 
Fly  blister,  328 
Fceniculum,  750 
Folding  filter  paper,  133 
Foot^  29 

Forcible  straining,  131 
Formaldehyde,  584 
bibliography,  587 
solution,  186 
Formalin,  186,  684 
Formic  acid,  586 

bibliography,  587 
Formica  rufa,  586 
Formine,  684 

Formula.    See      Symbolic 
formtiUi,  Qhemical  for~ 
mula^  Recipe. 
symbolic,  347 
writing,  353 
Formulary,  National,  27 
Fothergill-Wade     process, 

393 
Four  syrups,  821 
Fowler's  solution,  525 
bibliography,  535 
Fractional  distillation,  100 
Francis'  triplex  piUs,  313 
Franeula,  791 
bibliography,  794 
fluidextract,  246 
Franguliuj  791 
Fran^limc  acid,  791 
Fraxm,  634 
Free  alkali  tests,  877 
French  bismuth,  540 
chalk,  406,  466 
Codex,  18 
Friable  pills,  307 
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Friar's  balsam,  224 
Friction  as  source  of  heat, 

65 
Friedel     Craft's    reaction, 

700 
Fructoses^  624 
Fruit,  dennition,  620 

juices,  manufacture,  140 

sugar,  624 
Fuels,  easeous,  68 

liquid,  67 

solid,  67 
Fulcrum,  36 

Fulminating    silver,    bib- 
liography, 566 
Fume  closets,  91 
Funnel,  supports.  132 
Funnels,  material,  132 

shape,  132 
Furane,  682 
Furnace  parts,  67 
Fusible  metals,  538 
Fusion,  81 

and   cooling  in  maJdng 
crystals,  149 

operation,  84 

Gadttol,  660 

Galactose,  625 

Galena,  544 

Galenical  preparations,  169 

Galla,  717 

Gallates,  tests,  869 

Gallic  acid,  714 

bibliography,  719 
tests,  869 
Galvanized  iron,  480 
Gambir,  718 

bibliography,  719 

compound  tincture,  227 

troches,  322 
Gamboge,  777 

bibliography,  783 
Gargarisma   guaiaci   com- 

positum^  259 
Gas,  definition,  345 

natural,  576 

stove,  71 
Gaseous  fuels,  68 

solution,  127 
Gases,  drying  of,  127 

washing  of,  127 
Gasoline,  578 

as  a  fuel,  67 
Gasometric  assays,  924 

analysis,  924 
Gaultheria,  spirit,  182 
Gauze  wire,  73 
Gelatin,  845 

as  clarifying  acid,  140 

bibliography,  857 

coating  pills,  309 

fflycennated,  845 
Gelatinum,  845 

chondri,  637 

fflycerinatum,  845 
Gelsemine,  828 
Gelseminic  acid,  828 


Gelseminine,  828 
Gelsemium,  828 

bibliography,  840 

fluidextract,  244 

tincture,  227 
Genera.  25 

General  formula  for  decoc- 
tions, 218 
for  infusions,  217 
Generic  name,  25 
Geneva  conference,  bibli- 
ography, 28 
Gentian,  642 

bibliography^  649 

compound  tmcture,  227 

extract,  276 

fluidextract,  244 

percolating,  977 
Gentiana,  6^2 
Gentianin,  642 
Gentisic  acid,  642 
Gentisin,  642 
Gentisimc  acid,  712 
Gentiopicrin,  642 
Genus^  25 
Geranial,  732 
Geranin,  283 
Geranium,  716 

bibliography,  719 

fluidextract,  250 
German  chamomile,  764 

silver,  488 
Gin,  741 
Gineer,  758 

bibliography,  771 

essence,  234 

fluidextract,  244 

oleoresin,  262 

soluble  essence,  234 

syrup,  201 

tmcture,  234 
Glacial  acetic  acid,  607 

f phosphoric  acid,  405 
anaulse  suprarenales 

siccffi,  851 
thyroidese  siccse,  851 
Glass.  388 
bibliography,  446 
rods,  91 
tubing.  97 
bending)  97 
cutting,  97 
Globulin,  843 
Glonoin  spirit,  612 
Glucogalhc  acid,  715 
Glucose,  624 

bibliography,  637 
Glucoresins,  773 
Glucosides,  639 

bibliography,  649 
Glucosum,  624 
Glue,  845 
Glycerin,  610 
as  a  solvent,  119 
bath,  74 

bibliography,  621 
suppositories,  326 
manufacture,  983 


Glycerinated  elixir  of  gen- 
tian, 208 
bibliography,  649 

gelatin,  845 

vaccine  virus,  856 
Glycerinum.  610 
Glycerite  ot  bismuth,  212, 
542 

of  boroglycerin,  211 

of  carbohc  acid,  212 

of  elm,  212 

of  guaiac,  212 

of  Hydrastis,  211 

of  iodine,  212 

of  pepsin,  212 

of  phenol,  212 

of  starch,  211 

of  tannic  acid,  211 

of  tar.  212,  767 
bibliography,  772 

of  tragacanth,  212 

of  yolk  of  egg,  212 
Glvcerites,  210^ 

bibliography,  215 
Glyceritum  acidi  tannid, 
211 

amyli,  211 

bismuthi,  212 

boroglycerini,  211 

guaiaci,  212 

nydrastis,  211 

pepsini,  212 

phenolis,  212 

picis  liquidce,  212 

tragacanths,  212 

vitelU,  212 
Glycerogelatins,  N.  F.,  338 
GlyceroL  610 

of  asaf  etida,  263 

of  tannin,  211 

of  tar.  767 
Glyceroles,  210 
Glycerophosphate   of   cal- 
cium, 473 

of  sodium,  436 
Glvcerophosphates,  612 

bibUograpny,  621 
Glvceryl,  613 

hydrate,  610 

tripitrate,  spirit^  612 
Glyceryl-phosphonc    acid, 

612 
Glycocholic  acid,  853 
GlycocoU,  604 

bibliography,  606 
Glycogelatm  lozenges,  322 
Glycogen,  633 

bibhography,  638 
Glyconin,  212 
Glycyrrhamarin,  641 
Glycyrrhiza,  642 

bibliography,  649 

compound  mixture,  257 

fluidextract,  247 

pure  extract.  277 
Glycyrrhizin,  641 
Glycyrrhirimim  ammonia- 

tum,  642 
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Goa  powder,  793 
Godfrey's  cordial,  258 
Gold,  532 

and  sodium  chloride,  533 
bibliography,  535 

bibliography,  535 

crsnstals,     manufacture, 
149 

foil,  powdering,  118 
Golden  seal,  830 
Goniometer,  147 
Gooch  crucible,  139 
Gossypii  cortex,  778. 
Gossypium       purificatum, 

radicis  cortex,  778 

stypticum,  630 
Goulard's  cerate,  829,  547 
bibliography,  565 

extract,  547 

bibliography,  565 
Graduated  tube  for  taking 

specific  gravity,  53 
Graduates,  45 

making,  bibliography,  47 

manufacture,  45 
Grain,  30 

'* Grains"  in  vinegar  test- 
ing, 602 
Granatum,  832,  922 
Granular  effervescent  salts, 

152,  994 
Granulated  chemicals,  152 

ferrous  sulphate,  508 

opium,  -838 
Granulation,  88,  161 

advantages,  152 

bibliography,  154 

exercises,  972 

operation,  151 
Grape-sugar,  625 
Graphite,  385 

bibliography,  389 
Grating,  111 
Gravimetric  anal3^is,  859 

assays,  919 
Gravitation,  28 
Green  hellebore,  830 

iodide  of  mercury,  557 

soap,  666 
tmcture,  266 

vitriol,  507 
Greenock ite,  535 
Griffith's  mixture,  265,  606 

bibliography,  520 
Grindelia,  760 

bibliography,  771 
fluidextract,  244 
Grindelin,  760 
Grinding,  112 

e?(ercises,  976 
Grommet,  90 
Group  reagents,  878 
Groups  of  metals  (analyt- 
ical), 878 
Guaiac,  774 

ammoniated  tincture, 
227 


Guaiac,  tincture,  227 

w6od,  774 
Guaiacic  acid,  774 
Guaiacol,  692 

bibliography,  699 

carbonate,  692 
bibliography,  699 
Guaiacolis  carbonas,  692 
Guaiaconic  acid,  774 
Guaiacum,  774 

bibliography,  783 
Guaiaretic  acid,  774 
Guano,  677 
Guarana,  681 

bibliography,  685 

fluidextract,  244 
Guiding  rod,  129 
Gum  arabic,  636 
mucilage,  193 
syrup,  196 

foam;  648 

turpentine,  765 
Gums,  633 
Gun  cotton,  630 
Gunpowder,  422 

bioliography,  425 
Guttapercha,  776 

bibliography,  783 
Gutzeit's  test,  873 
Gypsum,  466 

HiBMAGLOBIN,  844 

Hsematin,  844 
Haematite,  499 
Hsmin,  844 
Hffimatoxylin,  716 
Hsematoxylon,  716 
Half-normal  alcoholic  po- 
tassium       hvdroxide, 
V.  S.,  886  " 

hydrochloric  acid,  V.  S., 
885 

sulphuric  acid  V.  S.,  884 
Hall's  dinner  pill,  313 

process,  489 

solution    of    strychnine, 
192 
Halogen    organic    deriva- 
tives, 570 
Halogens,  371 
Haloid  acids,  .390 
Hamamelidis  cortex,  717  • 

folia,  717 
Hamamelis,  717 

bark,  717 

fluidextract,  250 

leaves,  717 

water,  177 
Hance  mill,  114 
Hand  power  mills,  types  of 
construction,  114 

scale,  38 
Hard  capsules,  297 
Hartshorn  liniment,  265 

spirit,  450 
Hashish,  761 
Hausmannite,  485 
Headlight  oil,  577 


Heat  application,  81 

definition,  65 

for  clarification,  139 

sources,  65 

units,  76 

valuation,  75 
Heavy  magnesium   oxide, 
461 

metal,  test,  876 

oil  of  wine,  597 

precipitates,  145 

spar,  476 
Hectogramme,  33 
Hectometer,  33 
Hedieoma,  746 

bibliography,  770 
Hehner's  test  for  formalde- 
hyde, 585 
Hellebore,  830 
Hematin,  783 

bibliography,  857 
Hematoxylm,  783 
Hematoxylon,  716 

bibliography,  719 

extract,  281 
Hemin,  782 
Hemiterpenes,  728 

bibliography,  737 
Hemlock,  835 
Hemoglobin,  bibliography, 

857 
Hemp,  American,  761 

Canadian,  780 

extract,  274 

Indian,  760 
Hempel's  desiccator,  v  10 
Henbane,  834 
Henry     III,     statute     on 

weights,  30 
Hepar  sulphuris.    See  Svl- 

phurcUio  poUusa,  412 
Heptane,  650 
Herb  cutter.  111 
Herbs,  definition,  620 
Heroin,  822 

bibliography,  840 
Hesperetin,  754 
Hesperidin,  753 
Hessian    crucibles,    bibli- 
ography. 110 
Heterocyclic     compounds, 

685 
Hexadecane,  650 
Hexagonal  crystals,  147 
Hexanydropyridine,  799 
Hexameth3rlenamima,   683 
Hexamethylenamine,  683 

bibliography,  685 
Hexamethylene,  683 
Hexamethylen-tetramine, 

683 
Hexanes,  575 
Hexyl  alcohols,  692 
Hiera  picra,  294 
Hive  syrup,  200 
Hoffman's  anod3me,  182 

drops,  179 
Holding  hand  scale,  38 
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Homatropinse  hydrobromi- 

dum,  805 
Homatropine,  805 

bibliography.  840 

hydroDromidei  805 
Homeopathic      triturates, 

295 
Homologues,  508 
Homopyrocatechin,  702 
Honey,  634 

and  borax,  204 

bibliography,  638 

clarified,  204 

of  rose,  204 
Honeys,  204 
Hoods,  91 
Hope's  camphor  mixture, 

258 
Hops,  762 

bibliography,  772 
Horehound,  763 
Horn  silver,  561 
Hot  drops,  235 

filtration,  136 
Humulene,  762 
Humulus,  762 
Hundredth-normal   potas- 
sium hydroxide  V.  S., 
886 

silver  nitrate  V.  S..  903 
Huxham's  tincture  or  bark, 

226 
Hydracetin,  698 

Tbibliography,.  699 
Hydrargyri  chloridum  cor- 
rosivum,  554 
mite,  555 

cyanidum.  556 

iodidum  navum,  557 
nibrum,  557 

oxidum  flavum,  558 
rubrum,  559 

salicylas,   561 

subsulphas  flavus,  559 
Hydrargyrum,  549 

ammoniatum,  553 

cum  creta,  552     . 
Hydrastina,  817 
Hydrastinse       hydrochlo- 

ridum.  819 
Hydrastine,  817,  830 

bibliography,  840 

hydrochloride,  819 

yellow,  818 
Hydrastininse     hydrochlo- 
ras,  819 

hydrochloridum,  819 
Hydrastinine,  819 

bibliography,  840 

hydrochloride,  819 
Hydrastis,  830 

bibliography,  841 

fluid,  212 

fluidextract,  245 

g}ycerite,  211 

tincture,  228 
Hydrate  of  iron,  515 

of  sodium,  427 


Hydrate  of  sodium  solu- 

tion^  427 
Hydrauhc  press,  157 
Hydriodic  acid,  394 
bibliography,  406 
dUuted,  394 
syrup,  394 
tests,  863 
Hydro-cdooholic    extracts, 
268 
of  hyoscyamine,  806 
Hydrobromate  of  hyoscy- 
amine,  806 
of  hyoscme,  806 
of  quinine,  812 
Hydrobromic   acid,   bibli- 
ography, 406 
dilute,  393 
test,  862 
Hydrobromide  of  hyoecine, 

806 
Hydrocarbons,  567 
Hydrochlorate  of  apomor- 
phine,  823 
of  cocaine,  807 
of  hydrastinine,  819 
of  morphine,  821 
of  pilocarpine,  801 
Hydrochlonc  acid,  392 
bibliography,  406 
diluted,  392 
tests,  861 
Hydrochloride  of  apomor- 
phine,  823 
of  cocaine,  807 
Hydrocyanic  acid,  672 
bibliography^  684 
Hydrofluoric    acid,    tests, 

863 
Hydrogen,  367 
bibliography,  388 
dioxide  solution,  174, 870 
bibliography,  388 
sulphide,  381 
Hydrogenation  of  oils,  652 
Hydrolysing,  623 
Hydroljrsis,  623,  640 
of  elucosides,  bibliogra- 
phy, 649 
Hydrometer,  49 

bibliography,  65 
•  Baum6,  49 
exercises,  968 
Nicholson's,  51 
Hydronaphthol,  785 
bibliography,  794 
Hydroquinone,  693 
Hydrous  wool  fat,  662 
Hygrine,  832 
Hygroscopic    substances, 

151 
Hyjpnal,  683 

bibliography,  685 
*'Hypo,^'  444 
Hy]>ochlorite8  test,  862 
Hypodermic  tablets,  319 
Hypophosphite  of  calcium, 
473 


Hypophosphite  of  manga- 
nese, 487 

of  potassium,  420 

of  sodium,  437 

syrup,  197 
H3rpopnosphite6,  865 
Hypophosphorous        acid, 
405 
bibliography,  407 
dUuted,406 
Hyosceine.   See  Hyoscine. 
Hyoscinse      hydrobromas, 
806 

hydrobromidum,  806 
Ityoscine,  806 

bibliography,  840 

hydrobromidfe,  806 
Hyoscyaminse     hydrobro- 
mas, 806 

hydrobromidum,  806 

sulphas,  806 
Hyoscyamine,  805 

Dibhography.  840 

hydrobromide,  806 

sulphate,  806 
Hyoscyamus,  834 

bibliography,  841 

extract,  278 

fluidextract,  244 

tincture,  2^ 
Hypophosphite     of     iron, 

511 
Hypophysis  sicca,  852 
Hyposulphite    of   sodium, 

444 

ICHTEnrOCOLLA,  850 

bibliography,  857 
Ichthyol,  580 
bibliography,  587 
bibliography,  857 
''I.  D.  E.,'^588 
Igasuric  acid,  835 
Ignition,  81 
application,  83 
operation,  83 
Ihng  capsule  filler,  301 
lUicium,  749 
Immiscible  liquids,  140 
separation,  140 
immimity  unit,  855 
Imperial   gallon^   different 
from  U.  S.  wme  gallon, 

31 
system    of   weights  and 
measures,  31 
Inactive  tartaric  acid,  614 
Incandescent  carbon,  69 
Inch,  29 
Incineration,  81 

operation.  83  ' 

Incompatible    p  r  e  s  c  r  i  p- 
Uons,  951 
bibliography  of,  964 
Incompatibility,  chemicalt 
949 
intentional,  951 
.  pharmaceutical,  948 
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Incompatibility,  physical, 
049 

prescription,  948 

therapeutical,  949 
Indian  cannabis,  fluid  ex- 
tract, 244 

hemp,  760 
extract,  274 

tobacco,  835 
Indigo,  695 

carmine,  696 
Infant  foods,  bibliography, 

857 
Infusa,  217 

Infused  oil  of  hyoscyamus, 
268 

oils,  N.  F.,  267  • 
Infusion  of  cinchona,  218 

of  digitalis,  217 

of  kooso,  218 

of  senna,  compound,  217 

of  wild  cherry,  218 
Infusions,  215 

bibliography,  268 

by  cold  maceration,  216 
percolation,  216 

by  digestion,  216 

by  hot  maceration,  216 
percolation,  216 

manufacture,  215 
Infusorial  earth,  bibliogra- 


phy, 389 
Intusu: 


fusum  brayer®,  218.    • 
cinchonse,  218 
digitalis,  217 
gentians     compositum, 

218 
pnmi  Virginian®,  218 
rosse  compositum,  218 
senme  compositimi,  217 

Ink,  black,  501 
invisible,  488 
S3rmpathetic,  488 

Inori^anic  acids,  390 

Inscription,  928 

Inspissated  juices,  268 
bibliography,  284 
manufacture,  268 

Insurance  oil,  577 
as  a  fuel,  67 

Intentional    incompatibil- 
ity, 951 

Interpolation,      bibliogra- 
phy, 47 

Interstitial  water,  150 

Inulin,  633 

Inunctions,  N.  F.,  337 

lodates,  test,  863 

Iodic  acid,  tests,  863 

Iodide  of  ammonia,  456 
of  iron,  506 
of  lead,  548 
of  mercury,  red,  557 

yellow,  557 
of  i>otassium,  421 
of  silver,  564 
of  sodium,  437 
of  strontium,  476 


Iodide  of  zinc,  482 
Iodides,  test,  863 
Iodine,  377 

absorption  number,  915 

bibliography,  388 

collodion,  214 

colorless  tincture,  378 

compound  solution,  187 

ointment,  334 

tests,  862 

tincture  of,  379 
Iodized  sulphur,  381 
Iodoform,  582 

biblio^phy,  587 

collodion,  214 

ointment,  334 
lodoformum,  582 
lodol,  682 

bibliography,  685 
lodolum,  682 
lodometry,  891 
lodophenin,  698 

biblio^raphv,  699 
lodopyrme,    oibliography, 

lodum,  377 

Ionic  theory,  bibliography, 

366 
lonone,  733 

lonones  and  irones,  bibliog- 
raphy, 735 
Ions,  119 
Ipecac^.  827 
bibliography,  840 
and  opium  powder,  293 
fluidextract,  245 
sjrrup,  197 
wine,  257 
Ipecacuanha,  827 
Ipecacuanhic  acid,  827 
Iron,  498,  601 
albuminate,  843 
and  ammonium  citrate, 
518 
bibliography,  521 
tartrate,  518 
and  potassiimi  tartrate, 
518 
bibliography,  521 
and  quinine  citrate,  519 
and  strychnine    citrate, 
519 
bibliography,  521 
bibliography,  520 
hydrogen,  502 
carbonate,  504 
cast,  499 
dialysed,  515 
ferrocyanides,      bibliog- 
raphy, 520 
galvanized,  480 
iodide,  506 
mixture,  compound,  265, 

606 
peptonate,  843 
pyrites,  499 
reduced,  502 
rust,  501 


Iron  salts.   See  Ferrous  &nd 
ferric, 

tests,  872 

wines,  252 

wrought,  500 
Irone,  733 
Isinglass,  850 

plaster.  343 
Iso-allyl-benzene,  720 
Isobutane,  575 
Isomeres,  575 
Isomorphism,  147 
Isomorphous  bodies,  147 
Isonitrue  reaction,  581 
Isonitriles,  673 
Isoprene,  728 
Isopropylacetic  acid,  617 

benzene,  7^ 

metacresol,  724 
Iso-punicine,  827 
Isoouinoline,  817 
Isotniocyanic  acid,  674 

Jabobandi,  832 
Jaboridine,  832 
Jaborine,  832 
Jackson's  pectoral  S3mip, 

203 
Jalap.  646 

bibliography,  650 

compound  powder,  293 

resin,  282 
Jalapa,  646 
Jalapin,  645 
James'  powder.  294 

bibliograpny,  535 
Jamestown  weed,  833 
Janeway's  pills,  313 
Japanese  bronze,   bibliog-* 
raphy,  543 

wax,  670 
bibliography,  671 
Jasmin,  yellow,  828 
Javelle  water,  191,  376 
Jelinerian  vaccine,  856 
Jervine,  830 
Jimson  weed,  833 
Jolly  spiral  balance,  20,  53 
Juices,  234 

inspissated,  268 
Jujube  paste  lozenges,  322 
Juniper  berries,  741 
oibliography,  770 

compound  spirit,  181 

oil^  741 

spirit,  181 

l^AINITB,  425 

Kakodyi  reaction,  522 
Kamnafuga,  697 
Kaolin,  494 

bibliography,  498 

cataplasm,  339 
Kaolinum,  494 
Kelp,  377 

Kentish's  liniment,  266 
Keratin,  842 
Kerme's  mineral,  531 
bibliography,  535 
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Kemer's  test.  813 
Kerosene,  577 
Ketones,  573 
Ketoses,  623 
Kettles,  steam,  75 
Kidney  plasters,  340 
Kieselguhr,  388 
Kilogramme,  33 
Kilometer,  33 
Kinic  acid,  831 
Kino,  719 

bibliography,  719 

red,  719 

tincture,  228 
Kinoic  acid,  719 
Kinoin,  719 
Kinovic  acid,  831 
Kino-tannic  acid,  719 
Kissingen  salts,  N.  F.,  466 
Knife  edge    (of  balance), 

36 
Kola,  681 

bibliography,  685 
Kombic  acid,  644 
Koppeschaar's       solution, 

Kosin,  781 
Koumiss,  849 
Kousso,  781 

bibliography,  784 
Kramena,  716 

bibliography,  719 

extract,  281 

fluidextract,  250 

sjrrup,  203 

tmcture,  236 
Krameric  acidj  716 
Elramero-tannic  acid,  716 
Kyanol,  694 

Lab  arraque's  solution,  376 

bibliography,  388 
Labelling  the  prescription, 
044 

Laboratory  exercises,  965 
Lac  fermentatum,  849 

sulphur,  381 

bibliography,  389 
Lactate  of  calcium,  474 
Lactic  acid,  609 

bibliography,  621 
Lactometer,  51 
Lactopicrin,  781 
Lactose,  628 

bibliography^  638 
Lactucarium,  781 

bibliography,  784 

sjrrup,  198 

tmcture,  228 
Lactucerin,  781 
Lactucic  acid,  781 
Lactucin,  781 
Ladies  slipper,  763 
Lady  Webster's  pills,  313 

bibliography,  323 
Lsvogyrate       substances, 

614 
Lafayette  mixture,  258 


Laminated  silks,  631 
Lamotte's  drops,  235 
Lamp,  alcohol,  67 

Russian  blast,  68 
Lamp-black,  386 

bibliography,  389 
Lana  philosophica,  483 
Landsiedl  extractor,  160 
Lanolin,  662 
Lapis  infemalis,  564 

lazuli,  489 
Lappa,  646 

biohography,  650 
fluidextract,  250 
Larch,  766 
Lard,  660 

biblio|n^phy,  671 
benzomated,  661 
oil,  659 
Large  flake  manna,  634 
Lascoff  capsule  filler,  301 
Latent  heat,  85 

bibliography,  110 
of  steam,  85 
Latin  of  prescriptions,  929 
official  name,  21 
terms  used  in  prescrip- 
tions, 934 
Laudanum,  230 
Laughing  gas,  402,  383 
Lavender,  compoimd  tinc- 
ture, 229 
oil;  741 
spirit,  182 
Laxative  elixir,  208 
Leach's  test  for  formalde- 
hyde, 585 
Lead,  544 
acetate,  546 

bibliography,  565 
bibliography,  565 
carbonate,  548 

ointment,  548 
chamber  process,  399 
iodide^  548 
bibhography,  565 
ointment,  548 
meconate,  548 
nitrate,  549 

bibliography,  565 
oxide,  5ft 
plaster,  549,  667 
manufacture,  1004 
by       precipitation, 
1011 
subacetate,  solution,  547 

diluted  solution,  187 
tests,  875 
water,  186,  547 
Leaves,  definition,  619 
Leblanc's  process,  432 
Lecithin,  670 

bibliography,  671 
Legumin,  844 
Lemon  essence,  182 
juice,  620 

bibliography,  621 
oil,  755 


Lemon  peel,  755 

bibliography,  771 

sjmip,  196 

tincture,  229 
Lepidolite,  446 
Leptandra,  extract,  281 

fluidextract,  250 
Leucotannin,  715 
Levant  wormseed,  779 
Levigation,  117 
Levogyre  tartaric  add,  614 
Levogyrate  substances,  614 
Levuloee.  624 
libavius  fuming  spirit,  532 
Lichenin,  633 

bibliography,  638 
Licorice  extract,  277 

powder,  compoimd,  293 

root,  641 
Liebig  condenser,  96 
Light  as  a  source  of  heat, 
66 

precipitates,  145 
LiKnin;631 

bibhography,  638 
Lily  of  the  valley.  643 
Lime,  466 

bibliography,  477 

chloriae,  374 

chlorinated,  374 

juice,  620 

and  pepsin,  620 

liniment,  266,  667 

milk,  470 

stone,  466 

sulphurated,  470 

syrup,  469 

water.  185,  468 
bibliogr^hy,  477 
Limonene,  72/ 
Limonis  cortex,  755 

succus;  620 
Linamarm,  663 
Linen,  630 
Liniment,  chloroform,  266 

hartshorn,  265 

of  aconite  and   chloro- 
form, 267 

of  ammonia,  265 

of    ammonium    iodide, 
267 

of  belladonna.  265 

of  camphor,  z65 

of  croton  oil,  267 

of  lime,  272,  469 

of  soft  soap,  266 

of  turpentine,  266 

soap,  266 

volatile,  265 
Liniments,  264 

bibliography,  268 
Linimentum      aconiti     et 
chloroformi,  267 

ammonise,  265 

ammonii  lodidi,  267 

belladonme,  265 

calcis.  272,  468 

campnone,  268 
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Linimentum    chloroformi, 

266 
opii  compositum,  267 
Baponato  camphoratum, 

267 
saponis,  266 

mollis,  266 

compositum,  267 
sinapis  compositum. 

267 
terebinthinffi,  266 

aceticum,  267 
tiglii,  267 

compositum,  267 
Linoleic  add,  652 

bibliography,  670 

Linolein,  657 

Linoxyn,  657 

Linseed,  663 

oU.  657 

oibliography,  671 
Ldnum,  663 
Lipins,  654 
Lipoids,  654 
Liquefied  phenol,  689 
Liauid  albolene,  578 
aefinition,  345 
fuels,  67,  205 
glass,  442 
opodeldoc,  266 
petrolatum,  578 

bibliography,  587 
petroxolins,  267 
petroxylins,  N.  F.,  267 
pharmaceuticals,    table, 

170 
smoke,  703 
soaps,  666 

bibliography,  671 

Liquor  acidi  arsenosi,  185 

alumini  acetatis,  189 

acetico-tartratis,  189 

sub-acetatis,  189 
ammonii  acetatis,  451 

citratis,  189 
antisepticus,  189 

alkalinus,  189 
arseni      et     hydrargyri 

iodidi,  186,  627 
arsenicalis  clemens,  190 

Fowleri,  525 
auri  et  arseni  bromidi, 

190,  534 
bismuthi,  190 
bromi,  190 
calcis,  185,  468 

sulphuratse,  190 
carmini,  190 
chlori   compositus,    190, 

374 
coccineus,  190 
cresolis  compositus,  701 
ferri  acetatis^  190 

albuminati,  190 

chloridi,  510 

citratis,  190 

et  ammonii     acetatis, 
516 


Liquor  ferri  hypophosphi- 

tis,  190,  512 
nitratis,  190 
oxychloridi,  190, 510 
oxysulphates.  100,  514 
peptonate,  190,  843 

cummangano,  190 
protochlorim,  190 
salicylatis,  190 
subsulphatis,  513 
tersulphatis,  513 
formaldehydi,  185,  686 

futta-perchse,  190 
ydrargyri    et    potassii 

iodidi,  190 
nitratis,  190,  680 
hydrastinsB    compositus, 

191 
hydrogenii  dioxidi,   186, 

370 
hypophosphitum,  191 

compositus,  191 
hypopnysis,  852 
iodi  compositus,  187 

phenolatus,  191,  685 
magnesii  citratis,  463 
sulphatis  effervescens, 
191 
pancreatini,  191 
pepsini,  191 
antisepticus,  191 
aromaticus,  191 
phosphatum  acidus,  191, 
405 
compositus,  191 
phosphori,  191 
picis  alkalinus,  191 
carbonis,  191,  767 
bibliography,  772 
plumbi  subacetatis,  186, 
647 
dilutus,  186,  602 
potassse,  410 
potassii     arsenatus     et 
bromidi,  191 
arsenitis,  525 
chlorinatse,  191 
citratiSj  418 
hydroxidi,  410 
sod®  chloratse,  376 
chlorinatsB,  376 
et  menthsB,  191 
sodii  arsenati,   Pearson, 
191 
arsenatis,  527 
boratis       compositus, 

191 
chloridi  physiologicus, 

188 
citratis,  192 
citro-tartratis  efferves- 
cens, 192,  436 
glycerophosphatis,  437 
ydroxidi^  189,  427 
phosphatis,    composi- 
tus, 192,  440 
silicatis,  442 
strychninsB  acetatis,  192 


Liquor  sinci  chloridi,  482 
et  alumini  compositus, 

192 
et    ferri    compositus, 
192 
liter  flask,  46 
Lithai^e,  545 

bibliography,  565 
Lithii  benzoas,  447 

bromidum,  447 

carbonas,  447 

citras,  448 
effervescens,  448 

saUcylus,  448 
Lithium,  446 

benzoate,  447 

bibliography,  458 

bromide,  447 
bibliography,  459 

carbonate,  447     ^ 
bibliography,  459 

citrate,  448 
effervescent,  448 

salicylate,  448 

tests,  870 
Little  giant  pills,  556 
Liver  of  sulphur,  412 
Lixiviation,  158 
Lloyd  stiU,  106 
Lobelia,  835 

bibliography,  841 

fluidextract,  245 

tincture^  229 
Lobelic  acid,  835 
Lobeline,  835 
Lode  stone,  499 
Logwood,  716 

extract,  281 
London  paste,  427 
Looch  bfanc,  259 
Losophane,  702 

bibliography,  713 
Lotio  alba,  259 

bibliography,  268 
Lotion,  128 

apparatus,  128 

operation,  128 
Lotions,  259 
Lovi's  beads,  52 

exerciseSj  969 
Lozenge  making,  981 
Lozenses.    See  Troches. 

jujuoe  paste,  322 

of  quinme  tannate,  322 

of      tasteless     quinine, 
322 
LugoFs  solution,  187 
Lunar  caustic,  564 

bibliography,  566 
Lupulin,  763 

nuidextract,  250 

oleoresin,  255 
Lupulinum,  763 
Lycop>odium.  664 

bibliography,  671 
Lye,  410 
Lysimeter,  124 
L3rsol,  bibliography,  713 


1036 


INDEX 


Mace,  756 
Maceration,  155 

bibliography,  166 
Macrotin,  283 
Madder,  789 

biblio^phy,  704 
Magendie's  solution,  821 
Mafpna,  141 

bismuthi,  539 

ferri  hydroxidi,  515 

magnesisB,  462 

of  ma^esia,  462 
bibliography,  477 
Magnalium,  490 
Magnesia,  461 

ponderosa,  461 
Magnesii  carbonas,  462 

oxidum,  461 

ponderosum,  461 

sulphas,  464 
eif ervesoens,  465 

sulphis,  466 
Magnesite,  460 
Ma^esium,  460 

bibliography,  477 

carbonate,  462 
bibliography,  477 

citrate,  effervescent,  500 
solution,  187,  468 

oxide,  461 

sulphate,  464 
bibliography,'  477 
effervescent,  465 

sulphite,  466 

tests,  871 
Magnetic  iron  ore,  499 
M^chite,  536 
Male  fern.  757 
Malic  acid,  614 

bibliography,  621 
Malleable  iron,  501 
Malt,  634 

extract,  278 
Maltose,  628 

and  malt,  bibliography, 
638 
Maltum,  634 
Manah,  29 
Mandrake  root,  780 
Manganese,  485 

bibliography,  488 

dioxide,        precipitated, 
487 

hypophosphite,  487 

peptonat^  843 

spar.  485 

suli>nate,  487 
bibliography,  488 

tests,  872 
Mangani  dioxidum,  487 
prsecipitatum.  487 

hypophosphis,  487 

sulphas,  487 
Manna,  634 

bibliography,  638 
Mannite,  692 
Mannitol,  622 

bibliography,  637 


Maonose,  624 
Manometer,  93 
Manufacture  of  chemicals, 

987 
Marble,  466 
Marc,  recovery  of  alcohol, 

164 
Margaric  acid,  651 

bibliomphy,  670 
Marigold,  764 
Markoe  process,  404 
Mamibium,  763 

bibliography,  772 
Marsh  gas,  575 

mallow  drops,  636 
root,  635 
Marsh's  test,  523 
Mass,  28 

blue,  302 

of  copaiba,  302 
bimiography,  323 

definition,  345 

of  ferrous  carbonate,  302, 
550 
manufacture,  1000 

of  mercury,  302,  661 
bibliography,  323 

Vallet's,  302 
Massa  copaibee,  302 

ferri  carbonatis,  606 

hydrargyri,  302,  661 
Masses,  302 
Mastic,  774 

bibliogrimhy,  783 
Mastiche,  774 
Mastichic  acid,  774 
Masticin,  774 
Matico,  760 

bibliography,  771 

fluidextract,  250 
Matricaria,  764 

bibliography,  772 
Matter,  dennition,  345 
May  apple  root,  780 
Mayer  s     reagent,     bibli- 
ography, 565 
Meadow  saffron,  829 
Mead's  disintegrator,  113 
Measures,  45 
Meat  juice,  848 

juices,    etc.,    bibliogra- 
phy, 857 
Meconic  acid,  838 
Medicated  syrups,  194 
Meerschaum,  460 
M6ker  burner,  70 
Mel,  634 

depuratum,  204 

rosse,  204 
et  sodii  boratis,  204 

sodii  boratis,  204 
Melissa,  748 
Melissic  acid.  667 
Melissyl  alconol,  667 
Melting  points,  bibliogra- 
phy, 110 
of  substances,  estima- 
tion, 84 


Meniscus,  46 

Menstruum,  choice  in  per- 
colation^ 162 
Mentha  piperita,  747 

viridis,  747 
Menthol,  731 
bibliography,  737 
camphoratum,  732 
Mercurial    ointment,    8SS 

one-third,  333,  609 
Mercuric  chloride,  554 
cyanide,  556 
iodide,  557 
nitrate,  560 

ointment,  347,  661 
solution,  190,  660 
oxides^  558 

bibliography,  566 
salicylas,  561 
salts,  tests,  875 
sulpnide,  561 
thiocyanate.  674 
Mercurous  chloride,  555 
iodide,  557 
salts,  tests,  875 
Mercury,  549 
bibliography,  565 
filament   in   thermome- 
ters, repairing  break, 
80 
mass,  302 
oleate.  214 
subsulphate,  559 
sulphate.  560 
with  chalk,  552 
bibliography,  565 
Mesitylene,  720 

bibliographV;  736 
Meta  acids,  bibliography, 
366 
compounds,  691 
Metadihydrox  ybenzene, 

692 
Metaphosphoric  acid,  405 

diluted,  405 
Metallic  phosphorus,  384 
Metallurgy,  478 
Metals,  407 
alkali,  407 
Meter  orisin,  33 
Methacetm,  698 

bibliography,  699 
Methane,  575 
Methyl,  569 
jilcohol,  584 

bibliography,  587 
chavicol,  749 
chloride,  580 

bibliography,  587 
ether,  584 

bibliography,  587 
salicvlate,  710 
bibliography,  714 
Methylol,  586 

bibliography,  587 
Methylamines,  586 
Meth:^lene  blue,  694 
bibliography,  699 
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Methylene  group,  722 
Methylene-citry  l-€  a  1  i  cy  li  c 

acid,  710 
Methylethylacetic    acid 

617 
Methylis  salioylas,  710 
MethylthioninsB        hydro- 

chloridum,  695 
Methyl-propyl     benzenes, 

722 
Methyl-punicine,  827 
Metric  system,  history,  33 
Metrology,  28 
Mezereum,  759 

bibliography,  771 

fluidextract,  250 
Microcosmic  salt,  458 
Mil,  33 

Mild   mercurous   chloride, 
555 
bibliography,  565 
Milk,  609.  849 

as  cl&myiTLg  agent,  139 

of  almonds,  262 

of  asafetida,  262 

of  lime,  470 

of  magnesia,  462 

of  sulphur,  381 

sugar,  627 
Mill,  barrel,  113 

buhrstone,  112 

cannon  ball,  113 

roller,  113 
MiUiUter,  33 
Millimeter,  33 
Mills,  112 

bibliography,  118 

hand  power.  114 
Minderer's  solution,  185 
Mineral  chameleon,  487 
Mint.     See     Pepperminty 

S^armint. 
Minim,  32 
Miotic,  836 
Mistura   adstrin^ens,   258 

ammonii  chlondi,  258 

camphors  acida,  258 
aromatica,  258 

carminativa,  258 

chlorali  et  potassi  bro- 
midi  composita,  258 

chloroformi  et  morphinse 
composita,  258 

compound  iron,  505 

copaibsBj  258 
et  opii,  258 

cretflB,  257 

ferri  carbonatis,  606 
compositse,  258 

fusca,  257 

glycyrrhizsB    composita, 
257 

guaiaci,  258 

gummosa,  259 

magnesise  asafoetid®  et 
opii,  258 

olei  picis,  258 

oleo-balsamica,  258 


Mistura  opii  et  chloroformi 
composita,  258 
et  rhei  composita,  258 
et  sassafras.  258 
pectoraUs  Stokes,  258 
potassii  citratis,  418 
rhei  alkalina,  258 
composita,  258 
et  soda,  257 
solvans  simplex,  258 
Mitigated    caustic,    bibli- 
ography, 566 
Mixture,  Basham's,  516 
brown,  257 
chalk,  257 
Griffith's,  257 
neutral,  418 
of    ferrous    carbonate, 

257 
of  glycyrrhiza  compound, 

257 
of  guaiac,  258 
of  rhubarb  and  soda,  257 
bibliography,  268 
Mixtures,  256,  258 
manufacture,  257 
Mohr-Westphal     balance, 
51 
bibliography,  65 
exercises,  969 
Moissan   electric  furnace, 

73 
Molasses,  627 
Molecular  weight,  calcula> 

tions,  363 
Molecule,  compound,  353 
definition,  345 
simple,  353 
Molecules,     bibliography, 

366 
Monads,  352 

Monobromated    camphor, 
734 
bibliography,  738 
Monoclinic  system  of  crys- 
tals, 147 
Monochlor-ethane.  588 
Monohydrated  sooium  car- 
bonates. 431 
Monosaccnarides,  623 
MonsePs  powder,  514 
solution,  513 

bibliography,  521 
Morphina,  820 
Morphin®      hydrochloras, 
821 
hydrochloridum,  821 
sulphas,  821 
Morphine,  820,  838 
bibliography,  840 
compound  powder,  293 
hydrochlonde,  821 
sulphate,-  821 
Morrhuol,  660 
Mortar,  agate,  115 
contusion,      foundation 

for,  112 
for  contusion,  111 


Mortar  for  trituration,  115 

glass,  115 

Tron.  112 

marble,  112 

porcelain,  115 

wedgewood,  115 

wooden,  112 
Moschus,  850 
Moth  bails,  785 
Mother  lic^uor,  148 
Moulded  silver  nitrate,  563 
Mucilage  of  acacia,  193 
by    circulatory    solu- 
tion, 193 

of  elm,  193 

of  Irish  moss,  193 

of  sassafras  pith,  193 

of  tragacantn,  193 
Mucilages,  192 

bibliography,  205 

N.  F.,  189 

made  with  cold  water, 
193 
with  hot  water,  193 

preparation,  193 
Mucilage  Acacis,  193 

chondri,  193 

sassafras  medullse,  193 

tragacanthse,  193 

ubni,  193 
Mulla,  N.  F.,  338 
Muller,  motion  in  leviga- 

tion  ,117 
Muriatic  acid,  392 
Musk,  856 

bibliography,  857 

root,  757 

tincture,  229 
Mustard  leaf,  343 

oil,  674 

paper,  343 

plaster,  342 
Mycoderma  aceti,  601 
Mydriatic  alkaloids,  833 
Myopsin,  847 
Myricene,  726 
Myricyl  alcohol,  667 
Myristica,  756 

bibliography,  771 

oil^  756 
Myristicin,     bibliography, 

771 
Myrosin,  848 
Myrrh,  777 

bibliography,  783 

tincture,  230 
Mjrrrha.  777 
Myrrhoiols,  778 
Myrrhols,  778 

Names,    botanical.       See 
Botanical  name^  Gen- 
eric    namcj     Specific 
name. 
pharmacopGBial,  21 
Napelline,  828 
Naphthalene,  785 
bibliography,  794 
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Naphthalenum,  785 
Naphthalin,  785 
Naphthalinum,  785 
Naphthol,  786 
Naphtholaristol,  787 
Na^hthols,  785 

bibliography,  794 
Naphthoquinone,  787 

bibliography,  794 
Narceine,  838 
Narcotine,  838 
Nasal  suppositories,  327 

bibhography,  327 
Nataloin,  793 
National  formulary,  27 
Natrium,  425 

Natural     colors,     bibli- 
ography, 784 
Natural  gas,  576 
as  fuel,  68 
bibliography,  586 

order,  25 

sodium   salicylate,    442, 
785 
Nebula,  N.  F.,  268 
Neosalvarsan,      bibliogra- 
phy, 699 
Neroli  oil,  755 
Nessler's  reagent,  449 
Neutral  mixture,  418 
bibliography,  425 

principles,  773 
Neutralizing  cordial,  258 
"N.F."   8ee  National  Far- 

muiary. 
Nicholson's  hydrometer,  51 
Nickel.  488 

platmg,  488 
Nicotiana  tabacum,  835 
Nicotine,  802 

bibliography,  839 
Niemeyer  pills  for  dropsy, 
314 
for  phthisis,  314 
Nightshade,  833 

family,  833 
Nihilum  album,  483 
Nitrate  of  lead,  549 

of  mercury,  560 

of  potash,  422 

of  silver,  562 
moulded,  563 

of  sodium,  438 
Nitrates,  tests,  864 
Nitre.    See  Potassium  m- 

irale. 
Nitric  acid,  395 

bibliography,  206 
diluted,  395 
tests,  864 

oxide,  382 
Nitriles,  673 
Nitrite  of  amyl,  616 

of  ethyl,  595 

of  sodium,  438 
Nitrites,  bibliograohy,  684 

test,  867 
Nitrogen,  382 


Nitrogen,       bibliography, 
389 
dioxide,  382 
monoxide,  383 

bibliography,  389 
pentoxide,  382 
tetroxide,  382 
Nitrogenii  monoxidum,  383 
Nitroglycerin,  611 
bibliography,  621 
spirit,  181 
Nitrohydrochloricacid,  396 
bibliography,  406 
diluted,  396 
Nitrous  acid^  test,  864 
ether,  spint,  594 
oxide,  383 
Nomenclature    of    chemi- 
cals, 353 
Nonane.  650 
Non-volatile  impurities 

tests.  877 
Normal  hydrochloric  acid 
V.S.,  885 
potassium  hydroxide  v.- 
s.,  885 
'  saline  solution,  188,  435 
salt  solution,  188 
salts,  362 
sodium   hydroxide   vjs., 

886 
sulphuric  acid,  v.s.,  883 
volumetric  solutions,  880 
Norwood's  tincture,  234 
Novaspirin,  710 
Novatophan,  875 
Nuclei    in    crystallization, 

148 
Nucleine,  844 
Nuteall,  717 
bioliography,  719 
ointment,  332 
tincture,  236 
Nutmeg,  755 
butter,  756 
grater,  111 
oil,  756 
Nux  vomica,  835 

bibliography,  841 
extract,  278 
fluidextract,  244 
tincture,  230 

Obulus,  29 
Octane,  650 
Official,  21 

abbreviation,  24 

definition,  24 

description,  25 

names,  21 

recipe,  26 
Officinal,  21 
Oil  bath,  74 

bone,  386 

castor,  657 

cod  liver,  659 

cotton  seed,  656 

croton,  658 


Oil,  ethereal,  597 
lard,  659 
linseed,  657 
of  allspice,  752 
of  anise,  749 

bibliography,  770 
of  bergamot,  755 
of  betula,  710 
of  birch,  710 

bibliography,  714 
of  bitter  almond,  704 
bibliography,  713 
of  black  pepper,  255 
of  cade,  767 

bibliography,  772 
of  cajuput,  740 

bibliography,  769 
of  camphor,  733 

bibliography,  738 
of  caraway,  751 

bibliography,  771 
of  cassia,  745 

bibliography,  770 
of  chenopodium,  740 

bibliography,  769 
of  cinnamon,  745 
of  cloves,  748 

bibliography,  770 
of  copaiba,  768 

bibliography,  772 
of  coriander,  750 

bibliography,  770 
of  cubeb,  762 

bibliography,  772 
of  erigeron,  741 

bibliography,  770 
of  eucalyptus,^  746 

bibliography,  770 
of  fennel,  750 

bibliography,  770 
of  garlic,  673 
of  gaultheria,  710 

bibliography,  714 
of  hedeoma,  746 

bibUograpby,  770 
of  juniper,  741 

bibliography,  770 
of    lavender,    bibliogra- 
phy, 770 

flowers,  741 
of  lemon,  755 

bibliography,  771 
of  mace,  756 
of  mirbane,  687 
of  mustard,  674 

bibliography,  684 
of  myristica,  756 

bibliopaphy,  771 
of  neroli,  755 
of  nutmeg,  756 
of  orange  peel,  754 

bibliography,  771 
of  i>eppermint,  747 

bibliography,  770 
of  pimenta,  752 

bibliography,  771 
of  rose,  742 

bibliography,  770 


INDEX 


1039 


Oil  of  rosemary,  742 

bibliography,  770 
of  santal,  742 

bibliography,  770 
of  sassafras,  744 

bibliography,  770 
of  savin,  760 

bibliography,  771 
of  sesame,  655 
of  spearmint.  747 

bibliography,  770 
of  spike,  741 
of  sweet  birch,  710 
of  tar.  767 

bibliography,  772 
of  theobroma,  659 

bibliography,  621 
of  thyme,  743 

bibliography,  770 
of  turpentme,  765 

bibliography,  772 

emulsions,  987 
of  vitriol,  398 
of  wine,  597 
of  wintergreen,  710 
olive,  654 
Oils,  fixed,  653 
volatile,  738 
Ointment,  331 
basilicon,  329 
belladonna,  332 
blue,  333 
chryWrobin,  332 
diachylon,  332 
iodine,  333 
iodoform,  334 
jars,  336 
mercury,  332 
nutgall,  332 
of  ammoniated  mercury, 

333 
of  boric  acid,  331 
of  iodine,  334 
of  lead  iodide^  337 
of  mercuric  nitrate,  347 
manufacture,  1008 
of  phenol^  334 
of  potassium  iodide,  337 
of  red    mercuric    oxide, 

337 
of  rose  water,  331 
of  stramonium,  334 
of  tannic  acid,  331 
of  white  precipitate,  333 
of  yellow  mercuric  oxide, 

333 
of  zinc  oxide,  335 

stearate,  337 
sulphur,  335 
tar,  334 
veratrine,  337 
Ointments,  329 
biblio^phy,  344 
by  fusion,  329 
by  incorporation,  329 
dispensing  of,  335 
manufacture,  329 
Oleate  of  aconite,  215 


Oleate  of  atropine,  215 
of  cocaine,  215 
of  mercury,  214 
of  quinine,  215 
of  veratrine,  215 
of  zinc,  214 
Oleates,  214 

bibliography,  215,  483 

manufacture,  214 
Oleatum  aconitinse,  215 

atropinsB,  215 

cocaine,  215 

hydrargyri,  214 

quininffi,  215 

veratrinsB,  215 

zinci,  241,  483 
Oleic  acid,  651 

bibliography,  670 
Olein.  652 
Oleo-oalsamic  mixture,  258 
Oleoresin  of  aspidium,  254 

of  cubeb,  254 

of  ginger,  255 

of  lupulin,  255 

of  parsley  fruit,  254 

of  pepper,  255 
Oleoresma  aspidii,  254' 

capsici,  254 

cuoebse,  254 

lupulini,  255 

petroselini,  254 

piperis,  255 

zingiberis,  255 
Oleoresins,  252 

bibliography,  256 

manufacture,  253 

natural,  252 

pharmaceutical,  252 
Oleosacchara,  295 
Oleosaccharates,  295 
Oleum,  400 

adipis,  659 

sethereum,  597 

amygdalse  amarsD,  704 
expressum,  655 

anisi,  749 

aurantii  corticis,  754 

betulse,  710 

cadinum,  767 

cajuputi,  740 

cari,  751 

caryophylli,  748 

chenopodii^  740 

cinnamomi,  745 

copaibffi,  768 

coriandri,  750 

cubebse,  762 

erigerontis,  741 

eucalypti,  746 

foeniculi,  750 

gaultherise,  710 

gossypii  seminis,  656  * 

hedeomae,  746 

iuniperi,  741 

lavandulse  florum,  741 

limonis,  755 

lini,  656 

menthse  piperita,  747 


Oleum     menthse     viridis, 
747 

morrhuffi,  659 

myristicffi,  766 

olivse,  654 

picis    liquids    rectifica- 
tum,  767 

pimentse,  752 

pini  pumilionis,  766 

ricim,  657 

rosffi,  742 

rosmarini,  742 

sabins,  760 
*    santali,  742 

sassafras,  744 

sesami,  655 

sinapis  volatile,  674 

templinum,  766 

terebinthinsB,  765 
rectificatum,  765 

theobromatis,  659 

thymi,  743 

tiglii,  658 
Olive  oilj  654 

bibho^aphy,  671 
Ophelic  acid,  643 
Opianic  acid,  818 
Opii  deodoratum,  838 

granulatum,  838 

pulvis,  838 

tinctura,  230 
Opium,  838 

bibliography,  842 

camphorated     tincture, 
230 

denarcotized,  838 

deodorized,  838 
tincture,  231 

extract,  279 

granulated,  838 

powdered,  838 

tincture,  230 

vinegar,  255 
Opodeldoc,  266 

bibliography,  268 
Opsonins,  856 

DibUography,  858 
Orange,   compound  spirit, 
180 

flower  sjmip,  197 
water,  175 
stronger,  175 

peel,  bitter^  753 
sweet,  754 
oa,  754 
tincture,  223 

syrup,  196 
Orcein,  783 

Oregon  grape  fruit,  829 
Organic  acids,  390 

chemistry,  567 
Orgeate  syrup,  201 
On^anum,  748 
Orpiment,  521 
Ortho,  compounds,  691 
Ortho-cyclic     compounds, 

685 
Ortho-oxy-benzoic  acid,704 


1040 


INDEX 


Orthophoephoric  acid,  405 
OBmosis,  153 
Oven,  drying,  110 
Ovum  vitellum  reoens,  850 
Oxalate  of  cerium,  495 
Oxalates,  tests,  867 
Oxalic  acid,  605 

bibliography,  606 
tests,  867 
Ox^all^  852 

bibkography,  857 
Oxidation,  403 
Oxide  of  lead,  545 

of  silver,  564 

of  zinc.  482 
Oxides  01  antimony,  529 

of  lead,  545 

of  mercury,  558 

of  nitrogen,  382 

of  silver,  562 
Oxidizing  agents,  403 
Oxyacanthina,  829 
Oxy-cinnamic  acid,  721 
Oxydases,  844 
Oxygen,  367 

bibliography,  388 
Oxygenium,  367 
Oxy-hydrogen  blast  lamp, 

Oxyhydroquinone,  694 
Ox^nnels,  205 

Ox5n!nethyl  anthraquinone, 
789 
bibliography,  794 
Oxypropionic  acid,  609 
Ozone.  368 
bibliography,  388 

pACKAGBSy  wrapping,  287- 

289 
Paddles,  91 
Pale  catechu,  718 

rose,  717 
Palma  rosa  oil,  742 
Palmitic  acid,  651 
Pancreatin,  847 

bibliography,  857 
Pancreatinum,  847 
Papain,  848 

bibliography,  857 
Papaverace»,  835 
Paper^  630 

as  filtering  medium,  133 

bibliography,  638 

mustard,  343 
Papyrus  ebers,  17 
Para  compounds,  691 
Paracyanogen,     bibliogra- 
phy. 684 
Paraffin,  579 

bibliography,  587 
Paraffinum,  579 
Paraformaldehyde,  586 
Paraformaldehydiun,  586 
Paraldehyde.  598 

bibliograpny,  606 
Paraldehydum,  598 
Parchment,  630 


Parchment  paper,  bibliog- 
raphy, 638 
Paregoric,  230  • 

Pareira,  828 

bibliography,  840 

fluidextract,  250 
Pariglin,  648 
PariUin.  648 
Parrish  s  camphor  mixture, 

258 
P&rsley  fruit,  752 
Pasta,  N.  F.,  338 
Pat^  de  Canciuoin,  482 
Pavy's  solution,  919 
Pearl  ash,  415 
Pearls  of  nitrite  of  amyl, 

617 
Pearson's  solution,  191 
Pectin^  633 

bibhoipaphy,  638 
Pelletierm»  tannas,  827 
Pelletierine,  832 

bibliography,  840 

tannate,  827 
Pellicle,  148 
Pellitory,  763 
Pennyroyal,  746 

oil,  747 
Pentamethylene,  683 
Penta-methylene-diamine^ 

799 
Pentanes,  575 
Pepo,  664 
Pepper,  761 

bibliography,  772 

black,  761 

cayenne,  761 
*  oleoresin,  255 

red,  761 
Peppermint,  747 

bibliography,  770 

essence,  182 

oil^  747 

spirit,  182 

water,  177 
Pepsin,  846 

bibliography,  857 
Pepsinum,  846 
Peptomangan,  843 
Peptone,  843 

biblioi^phy,  857 
Peptonizing  powder,  294 
Perborates,     bibliography, 

445 
Percentage  solutions,  prob- 
lems, 64 
Perchlorate  tests,  862 
Percolate,  collecting,  159 

rapidity  of  flow,  163 
Percolating  appliances, bib- 
liography, 167 

closets,  160 

stands,  160 
Percolation,  158 

biblio^aphy,  166 

commmution    of     drug, 
161 

continuous,  163 


Percolation   exerdses,  976 

exhausting  drug,  164 

moistening  drug,  161 

outlet  tube,  164 

packing  druc,  161 

principles  oi   operation, 
159 
Percolator,  159,  160 

biblioffraphy^  167 

for  volatile  hquids,  166 

material,  159 

Rosewater's.  166 

Squibb's  well  tube,  165 
Perfume  extraction,  bibli- 

Offraphv,  769 
Perfumed  spirit,  183 
Periodic  svstem,  353 

theory,  bibliography,  366 
Permanganate   of  potash. 

423 
Persulphate  of  iron,  solu- 
tion^ 513 
Peruvian  bark,  830 
Pestle,  cementing  handle, 

115 
Pestles,  114 
Petrolatum,  578 

album,  579 

bibliography,  587 

liquid,  578 

liquidum,  578 

moUe,  578 

soft,  578 
Petroleum,  676 

bibliography,  586 

benzin,  5/7 

ether,  577 
as  a  solvent,  120 

jelly,  578 
Petroselinic  acid,  bibliog- 
raphy, 670 
Petroselinum,  752 
Petrox  preparations,  579 

bibliography,  587 
Petroxolins,  bquid,  N.  F., 

267 
Petroxolinum       liquidum, 

267 
Pewter,  528 

Pharmaceutical    assaying, 
907 

liquids,  table^  170 

names,  English  official, 
23 
Latin,  official.  21 

preparations,  169 

solids,  table,  170 

testing;  859 
Pharmacist,  deJBinition,  17 
Pharmaoopceia,  definition, 
17 

of   the    United    States, 
history,  1^21 

of  Valerius  oordus.  18 
Pharmacopoeias,  bibliogra* 
phy,  28 

international,  19 

municipal,  18 


INDEX 


1041 


Phannaoopoeias,  national, 

18 
Pharmacy^  definition,  17 
etymology,       bibliogra- 
phy, 28 
history,  bibliography,  28 
Phellandrene,  727 
Phenacetin,  697 
PhenaooU,      bibliography, 
699 
hydrochloride,  698 
Phenanthrene,  819 
Phenix        pharmaceutical 

condenser,  100 
Phenol,  687 
bibliography,  699 
((lycente,  212 
lodatum,  685 
liquefactum,  689 
Phenolphthalein,  720 

bibliography,  786 
Phenolpnthaleinimi,  720 
Phenolsulphonate  of  sod- 
ium, 439 
of  zinc.  484 
Phenolsulphonates,      test, 

869 
Phenolsulphonio  acid,  690 . 

bibliography,  699 
Phenyl  aoetamide,  696 

sahcylate,  710 
Phenylcinchonic  acid,  875 

bibliography,  839 
Phenyldimethylpyrazolon, 

682 
Phenylis  salioylas.  711 
Phenyl-methyl-ether,  689 
Phloroglucin.  694 
Phosgene,  676 
Phosphate  of  ammonium, 
458 
of  iron,  soluble,  520 
of  lime,  474 
of  soda,  439 

compound      solution, 

440 
effervescent,  441 
exsiccated,  441 
Phosphates,  tests,  865 
Phosphor-bronze,    b  i  b  1  i  - 

ography,  643 
Phosphoric  acid,  403 
bibliography,  407 
dUuted,  404 
glacial,  405 
meta,^405 
ortho,  405 
tests,  865 
Phosphorous  acid  tests,  865 
Phosphorsalz,  458 
Phosphorus,  383 
amorphous,  384 
bibliography,  389 
elixir.  209 
metallic,  384 
pills,  312 

manufacture,  980 
powdering,  118 

60 


Phosphorus,  red,  384 

spirit,  182 

waxy,  384 

yellow,  384 
Photography,bibllography, 

566 
Photosantonic  acid,  779 
Phthalic  acid,  720 
Physical  change,  345 
Physics,  defimtion,  346 
Physiological  assays,  646 

salt,  486 
'  solution,  788 
Physostigma,  836 

bibliography,  842 

extract,  279 

tincture,  231 
Physostigmin»     salicylas, 
825 

sulphas,  825 
Physostigmine,  836 

bibliography,  840 

salioylate,  8^ 

sulphate,  825 
Phsrtoalbumin,  843 
Phjrtolacca,  778 

bibliography,  783 

fluidextract,  250 
Phytolacca  fnictus,  778 

radix,  778 
Phsrtosterols.  670,  836 

bibUograpny,  671 
Phytotoxins,  844 
P.  I.,  19 
Picrasmin.  779 
Picric  acid,  690 

bibliogpraphy,  699 
Picrotoxm,  779 

bibliography,  784 
Picropodopnyllin,  780 
Picropodophyllinic      acid, 

780 
Pill  coating,  308 

cutting  machines,  306 

excipient,  304 

malung  experiments,  979 

mass,    requirements    of 
ideal,  304 

roller,  307 

tiles,  306 
Pills,  303 

A.  S.  and  B.,  313 

bibliography,  323 

BlaucT s^  312 

cathartic,  compound,  312 

compound,  laxative,  314 

Lady  Webster's,  313 

manufacture,  303 

rhubarb,  compound,  312 

vegetable,        cathartic, 
313 

of  aloes,  311 
and  asafetida,  313 
and  iron,  313 
and  mastic,  313 
and  myrrh,  313 

of  alotn,  strychnine  and 
belladonna,  313 


Pills    of  antimony,    com- 
poundf 531 
of  asafetida.  311 
of  colocyntn  and  hyos- 
eyamus,  314 
and  podophyllum,  314 
of  ferrous  carbonate,  505 
iodide,  507 

bibliography,  520 
of  nitroglycenn,  314 
of  opium  and  camphor, 
314 
and  lead,  314 
of  phosphorus,  313 
of  rhubarb,  314 
Pilocarpidine,  832 
Pilocarpine  hydrochloras, 
801 
hydrochloridum,  801 
mtras,  801 
Pilocarpine,  832 
bibliography,  839 
hydrochloride,  801 
nitrate,  801 
Pilocarpus,  832 
bibliography,  841 
fluidextract,  244 
Pilula  perpetua,  528 
Piluls  ad  prandium,  313 
aloes,  311 
et  asafetidse,  313 
et  ferri,  313 
et  mastiche,  313 
et  myrrhse,  313 
et  podoyhylli  compos- 
ite, 313 
hydrargyri    et   scam- 
monii  composite, 
313 
et  podophylli,  313 
aloini  compositie,  313 
strychnine   et   bella- 
donne,  313 
composite,  313 
antid3n9i>eptice,  313 
antimonii       composite, 

313 
antiperiodice,  313 

sine  aloe,  313 
asafcetide,  311 
cathartice     composite, 
312 
v^tabilcs.  314 
oolocynthiois  compos- 
ite, 314 
et  hyoscyami,  314 
et  podophylli,  314 
digitalis  scille  et  hydrar- 
gyri, 314 
ferri  carbonatis,  324,  506 
iodidi,  609 

quinine  aloes  et  mucis 
vomice,  314 
strvchnine  et  arseni 
fortiores,  314 
mites,  314 
glycerylis  nitrati^  314 
laxative  composite,  314 
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Piluse    laxativsB    postpar- 
tum, 314 

opii,  digitalis,  et  quininffi, 
314 
et  camphors,  314 
etplumbi,  314 

phosphori,  312 

rhei,  314 
oomposit»y  312 
Pimenta,  752 

bibliography,  771 
Pinch  cocks,  98 
Pine  needle  oil,  766 

and  oleum  templi- 
num,  bibliogra- 
phy, 772 

wood  oil,  766 

bibliography,  772 
Pinene,  727 
Pink  root,  830 
Piper,  761 
Piperidine,  799 

bibliography,  839 
Piperin,  761 

Dibliography,  839 
Piperina,  800 
Piperine,  800 
Pipette      for      separating 

immiscible  liquid,  141 
Pipettes,  minim,  46 

volumetric,  46 
Pipsissewa.     See     Chima- 

phUa. 
Pitch  blend,  497 
Pituitary  gland,  852 
Pix  liquida,  766 
Plaited  filter  folding,  133 
Plant  terms,  25.  See<?entM, 

SpedeSf  FamUies,  Tribea, 
Planta  genista,  835 
Plaster,  adhesive,  342 

belladonna,  341 

burgundy  pitch,  343 

capsicum,  342 

masses,  339 

lead,  342,  649 

of  ammoniac  and  mer- 
cury, 563 

soap,  344 

spreading,  340 
experiments,  1005 
Plaster-of-Paris,  476 
Plasters,  339 

bibliography,  344 

N.  F.,  344 
Platform  scale,  43 
Platinic  chloride,  534 
Platinum,  534 

bibliography,  535 

substances    attacking 
same,  82 
Plumbi  acetas,  546 

carbonas,  548 

iodidum,  548 

nitras,  549 

oxidum,  545 
Plumbum,  544 
Hummer's  pills,  818,  531 


Pocula  emetica,  528 
Podophyllin,  781 
Podophyllinic  acid,  780 
Podophyllotoxin,  780 
Podophyllum,  780 
.    bibliography,  784 
,  fluidextract,  244 

resin,  282 
Poison  tablet  of  corrosive 

mercuric  chloride,  318 
Poke  berries,  778 

root,  778 
Polariscopic  assays,  925 

mdex,  740,  026 
"Policeman,"  129 
Politzer  plugs,  327 

bibliography,  327 
Pollantin,  845 
Polybasic  acids,  604 
Polygalic  acid,  649 
Polysaccharides,  628 
Polysolvej  653 

and  oleite,  bibliography, 
670 
Pomade  camphree,  337 
Pomades,  739 
Pomegranate,  832 

bibhography,  841 

fluidextract,  245 
Pondo  libralis,  29 
Poor  man's  plaster,  343 
Poppy  family,  835 
Porphorization,  117 
Portland  cement,  468 
bibliography  477 
Potassa,  409 

alum,  491 

cum  calce,  410 

solution,  410 

sulphurata,  412 
Potassii  acetas,  412 

bicarbonas,  413 

bitartras,  413 

bromidum,  414 

carbonas,  415 

chloras,  416 

citras,  417 
effervescens,  418 

cyanidum,  419 

dichromas,  419 

et  sodii  tartras,  420 

ferro  c^ranidum,  420 

hydroxidumj  409 

hypophosphis,  420 

iodidum,  421 

nitras,  422 

permanganas,  487 

sulphas,  424 
Potassium,  407 

acetate,  412 

and  sodium  tartrate,  420 

arsenite  solution,  525 

bibliography,  425 

bicarbonate,  413 

bichromate,  419 

bitartrate,  413 

bromide,  414 
bibliography,  425 


Potassium  carbonate,  415 

bibliography,  425 
chlorate,  416 

bibliosraphy,  425 

crystals  manufacture, 
148 

granulating,  972 

lozenges,  Sil 

tablets,  321 
citrate,  417 

effervescent,  418 

solution,  418 
cyanide,  419 

bibliography,  425 
dichromate,  419 
ferricyanide,  421,  873 
ferrocyanide.  420,  673 

bibliography,  425 
hydrate,  409 
hydroxide,  409 
hypophosphite,  420 

bibliography,  425 
iodide,  421 

bibliography,  425 

ointment,  337 
myronate,  675 
nitrate,  422 

bibliography,  425 

paper,  344 
permanganate,  423 

bibliography,  425 
sulphate,  424 
tests,  870 
thiocyanate,  674 
Potio  de  Riviere,  192,  418 
Poultices,  339 
Powder,    acetanilid     com- 
pound^ 294 
antimomaL  294 
aromatic,  291 
boxes,  286 

chalk  compound,  291 
compound    effervescing, 

291 
dividers,  284 
Dover's,  293 
folding  exercises,  975 
glycyrrhiza    compound, 

293 
James',  294 
morphine        compound, 

293 
of  acetanilide  compound, 

697 
of  Algaroth,  530 

bibliography,  535 
of  ipecac  and  opium,  293 
paper  folding,  285 
Seidlitz,  291 
TuUy's.  293 
Powderea  opium,  838 

sublimates,  106 
Powdering  camphor,  118 
gold  fofl,  118 
phosphorus,  118 
•  tin.  118 
Powders^  284 
administration,  295 
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Powders,  bibliography,  301 

dividing,  284 

preparation,  284 
Prsescriptio      intemation- 

aUs,  19 
Precipitant,  142 
Precipitate,  142 

character,  bulky,  145 
crystalline,  145 
ciirdy.  145 
flocculent,  145 
gelatinous,  145 
Precipitated   calcium   car- 
bonate, 472 
phosphate,  474 

chalk.  472 
bibliography,  477 
manufacture,  992 

manganese  dioxide,  487 

suli>hur,  380 

bibliography,  389 

zinc  carbonate,  481 
Precipitates,  heavy,  145 

in  nuidextracts,  242 

light,  145 
Precipitating  jars,  144 
Precipitation,  142 

bibliography,  754 

by  action  of  light^  143 

by  adding  a  precipitant, 
143 

by  change  in  solvent,  143 
in  temperature,  143 

by  chemical  action,  143 

causes,  143 

objects,  143 
Preparations,  chemical,  169 

pharmaceutical,  169 
Prepared  chalk,  471 
bibliography.  477 

cocoa,  681 

suet^  661 
Prescnption,  927 

checking,  947 

compounding,  941 

fihng,  944 

incompatibility,  949 

Latin,  929 

writing,  929 
Prescriptions,  100  typical, 
952 

explosive,  950 

galenical,  169 
Press  cloth,  156 

Enterprise,  156 

hand  lever,  157 

hydraulic,  157 

roller,  157 

screw,  156 

spiral  twist,  156 

tmcture,  157 

wedge,  157 
Presses,  156 

bibliography,  166 
Prickly  ash,  759 
Primary  alcohols,  571 
Prismatic  crystals,  147 
Probilin,  720 


Problems  in  allegation,  60- 
63 
in  percentage,  65 
Proof  spirit,  592 

bibliography,  605 
Propane,  575 
Propionic  acid,  609 

bibliography,  621 
Propyl,  569 

benzene,  720 
Propylacetic  acid,  617 
Propylamine,  586 
Protargol,  565 
Proteins^  bibliography,  857 

classification  of^  842 
Proteoses,       bibliography, 

857 
Protocatechuic  acid,  712 

aldehyde,  712 
Protoiodide    of    mercury. 
See     Yellow     mercurotis 
iodide, 
Protopme,  829 
Prunase,    etc.,    bibliogra- 
phy, 857 
Prune,  635 

bibliography,  638 
Prunum,  635 
Prunus  vir^iniana,  706 
Prussic  acid.     See  Hydro- 
cyanic acid, 
Pseudojervine,  830 
Pseudo-punicine,  827 
Psychotrine,  827 
Pteritannic  acid,  757 
Pterocarpus     marsupium, 

719 
Puce   colored  lead  oxide, 

545 
Pulverization  by  interven-* 
tion,  118 
bibliography,  118 
by  precipitation,  143 
Pulverizing,  112    . 
Pulvis  acetanilidi  composi- 
tus,  294 
aloes  et  cannellee,  294 
antimonialis,  294 
antisepticus,  294 
aromaticus,  291 

rubifaciens,  294 
catechu         compositus, 

N.F.,  III,  294 
cretse  aromaticus,  294 
et  opii,  294 
compositus,  291 
effervescens  compositus, 

291 
gambir  compositus,  294 
glycyrrhizse  compositus, 

293 
hydrargyri  chloridi  mitis 

et  jalapsd,  294 
ipecacuanhas  et  opii,  293 
jalapsd  compositus,  293 
kino    compositus    N.F., 
III^  294 
et  opii  compositus,  294 


Pulvis  morphinee  composi- 
tus, 293 

myricse  compositus,  294 

pancreatini   compositus, 
294 

purgans,  293 

rhei  compositus,  293 
et  magnesise  anisatus, 
294 

talci  compositus,  294 
Pumpkin  seed,  664 

bibliography,  671 
Punicine,  827 
Punico-tannic  acid,  832 
Pure  extract  of  glycyrrhiza, 

277 
Purgative  lemonade,  464 
Purging  cassia,  635 
Punfication  by  precipita- 
tion, 143 
Purified  aloes,  792 
bibliography,  794 

animal  charcoal,  385 

antidiphtheric    serum, 
853 

antitetanic  serum,  854 

cotton,  629 

oxgall,  853 

bibliography,  858 

petroleum  benzin,  577 

talc,  466 
Purine,   678 

Purple   of   Cassius,   bibli- 
ography, 535 
Pyknometer,  48 

estimation     of     specific 
gravity  of  solids,  57 

exercises,  967 
Pyrazol,  682 
Pyrethrum,  763 

bibliography,  772 

tincture,  231 
Pyridine,  795 

bibliography,  839 
Pyrites  acid,  400 
I^rroantimonic  acid,  531 
Pyrocatechin,       bibliogra- 
phy. 699 
Pyrodin.  698 
I^rogallic  acid,  693 
Pyrogallol,  693 

bibliography,  699 
Pyrolusite,  486 
Pyrometer,  76 
Pyrophoric,  502 
Pyrophosphate  of  iron,  520 

of  soda,  441 
Pyrophosphates,  tests,  866 
Pyrophosphoric  acid,  405 
Pyroxylin,  630 

bibliography,  638 
Pyroxyhnum,  630 
Pyrrol;  682 

bibliography,  685 

Quadruple  pomades,  734 
Quadruplex  pills,  314 
Qualitative  analysis,  859 
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Quantitative  analysis,  859. 

879 
Quassia,  781 

bibliography,  784 

extracts,  281 

fluidextract,  250 

tincture,  231 
Quassin,  781 
Quebracho,  832 
Queen's    root.     See    StU' 

lingia,  757 
Quercitannic  add,  717 
Quercus,  717 

fluidextract,  250 
Quick  grass,  535 

silver,  549 
Quillaja,  648 

bibhography,  650 

tincture,  231 
Quinina.    See  Quinine, 
Quinidine,  814 

bibliography,  840 
Quinina,  809 
Quinin®  bisulphas,  811 

dihydrochloridum,  812 

et  urese  hydrochloridum, 
812 

hydrobromas,  812 

hydrobromidum,  812 

hydrochloras,  813 

hydrochloridum,  813 

salicylas,  813 

sulphas,  813 

tannas,  814 
Quinine,  809 

and  urea  hydrochloride, 
812 

bibliography,  840 

bisulpnate,  811 

dihvarochloride,  812 

hydrobromide,  812 

hydrochloride,  813 

lozenges,  322 

oleate.  215 

salicylate,  813 

sulphate,  813 

tannate,  814 
Quinoline,  795 

bibliography,  839 

Racemic  acid^  614 
Rack  for  strainers,  131 
Radicals,  569 
Radicles,  569 
Raphides,  644 
Rapid  filtration,  137 
Raspberry  syrup,  201 
Rasping,  111 
Rat-tail  file,  98 
Reading  zero  on  balance, 

41 
Reagent,  860 
Realgar,  521 
Reaumur's    thermometer, 

77 
Receiver,  95 
Receiving  bottle,  159 
Recipe,  27 


Rectified  oil  of  turpentine, 

765, 
Red  aromatic  elixir,  207 

bark,  831 

cinchona,  831 

lavander,  229 

lead.  545 

bibliographv,  565 

mercuric  iodide,  557 
bibliography,  565 
oxide,  559 
bibliography,  566 

pepper,  761 

phosphorus,  384 

precipitate,  559 
bibliography,  566 
salve,  337 

rose,  717 
bibliography,  719 

Saunders,  781 
bibliography,  784 

wine,  589 
Reduced  iron,  502 

bibliography,  520 
Reducing  agents,  403 
Reduction,  403 
Regular  system  of  crystab, 

147 
Reinsch*8  test,  523 
Remington  capsule  deaner, 

301 
fiUer,.301 

stiU,  103 
Repercolation,  240 

experiment,  978 
Resenes,  773 
Resin  acids,  773 

of  copaiba,  283 
bibliography,  783 
*    of  euaiac,  774 

of  lalap,  282 

of  podophyllum,  282 

of  scammony,  283 
Resina,  775 

copaibse,  283 

jalapffi,  282 

podophylli,  282 

scammonii,  283 
Resinoids,  283 
Resinol  acids,  773 
Resinols,  773 
Resins,  add  number,  915 

bibliography,  284,  783 

natural,  915 

pharmaceutical,  281 
Resopyrin,  693 
Resopyrine,   bibliography, 

699 
Resorcin,  692 
Resorcinol,  692 

bibliographv,  699 
Resorcinum,  692 
Resublimed  iodine,  378 
Retarded     crystallization, 

443 
Retort,  94 

charging,  94 

stand,  99 


Retort,  tubulated,  94 
Rhamnoxanthin,  791 
Rhamnus  Purshiana,  791 
Rhatanhin,  716 
Rhatany,  716 

syrup,  203 
Rhein,  790 
Rheum,  790 
Rhigolene,  577 
Rhizome,  definition,  619 
Rhombic  system  of  ciys- 

tals,  147 
Rhubarb,  790 

and  magnesia.   SeeCom- 
pound  Thubarb  powder. 

and  soda  mixture,  257 

aromatic  syrup,  199 
tincture.  232 

bibliograpny^  794 

compound  pills,  312 
powder,  293 

extract,  279 

fluidextract,  244 

sweet  tincture,  237 

syrup,  198 

tmcture,  232 

torrified,  791 
Rhus  dabra,  620 

bibliography,  621 
fluidextract,  250 
Ricin,  844 
Ricinoleic  add.  653 

bibliograpny,  670 
Rider   on   analytical  bal- 
ance, 39 
Roasting,  84 
Rochelle  salt,  420 

bibliography,  425 
Rook  candy,  627 

manufacture,  148,  974 
Rod  guiding,  129 
Roller  mill,  113 
Roll  sulphur,  379 
Roman  chamomile,  763 
Root,  definition,  619 
Rosa  centifolia.    See  Pale 
ro9e, 

gallica,  717 
Rose  confection,  303 

fluidextract,  245 

honey,  204 

oil,  742 

red,  717 

sjmip,  201 

water,  177 
ointment,  331 
Rosemary  oil,  742 
Rose's  fusible  metal,  538 
Rosewater's       percolator, 

166 
Rosin.  775 

bibliograj^y,  783 

cerate,  329 
compoimd,  329 

oil,  667 
Rousseau's  densimeter,  51 
Rubber,  775 

bibliography,  783 
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Bubber  plasters,  339 
Kubefacient  spice  powder, 

294 
Rubijervine,  830 
Rubus,  716 

bibliography,  719 

fluidextract,  250 
Ruby,  489 
Russian  blast  lamp,  68 


Sabal,  753 

bibliography,  771 

fluidextract,  244 
Sabina.  760 
Sabinol,  760 

Saccharated    ferrous    car- 
bonate, 504 
iodide,  506 
Saccharic  acid,  622 
Saccharimeter,  51 
Saccharin,  708 
Sacchanun,  626 

lactis,  627 
Safety  matches,  bibliogra- 
phy, 389 

tube,  99 
Saffron,  643 

bibliography,  650 
Safrol,  722 

bibliography,  737 
Safrolum,  722 
Sage,  763 

biblio^phy,  772 
Saigon  cinnamon,  744 
Sal  absinthii.      See  Potas- 
Hum  carbonate, 

alembroth,  554 

ammoniac,  455 

armoniac,  455 

lithii  citras  effervescens, 
448 

polychresticum^  420 

potassii    bromidi    effer- 
vescens, 415 
oompositus,  415 

seignette,  420 
Saleratus,  413 
Sales  effervescentes,  152 
Salicin,  643 

bibliography,  649 
Saliciniun^  643 
Salicylamide,  712 

bibliography,  714 
Salicylate   of   ammonium, 
457 

of  lithium,  448 

of  soda,  442 

of  strontium,  476 
Salicylates,  test,  869 
Salicvlic  acid,  709 

bibliography,  714 
Saligenin,  643 
Saliphen,  712 
Salipyrine,  683 

bibliography,  685 
Salol,  711 

bibliography,  714 


Salophen,  712 

bibliography,  714 
Salt,  common,  435 

definition,  358 

of  tartar,  415 
Saltpetre,  422 

ChUe,  378 
Salts,  acid,  362 

basic.  363 

double.  362 

normal,  362 
Salt-water  bath^  74 
Salvarsan,  698 

bibliography,  699 
Salve,  carbolic,  334 

Deshler's,  329 

zinc,  335 
Salves.    See  Cerates,  Oint' 

merUe, 
Salvia,  763 

Sand  as  filtering  medium, 
135 

bath,  73 

filtration,  132 
Sandal  oil,  742 
SanKuinaria,  829 

bibliography,  841 

fluidextract,  250 

tincture,  232 
Sanguinann,  283 
Sanguinarine,  829 
Santalal,  742 
Santalic  acid,  781 
Santalin,  781 
Santalol,  742 
Santalum  rubrum,  781 
Santonica,  779 

bibliography,  783 
Santonin,  778 

bibliography,  783 

lozenges,  322 
Santoninum,  778 
Sapo,  664 

mollis,  666 
Saponification  assay,  castor 
oQ,  913 
cod-liver  oil,  913 
cotton-seed  oil,  913 
croton  oil,  913 
expressed  oil  of  almond, 

913 
lard,  913 
linseed  oil,  913 
oil  of  theobroma,  913 
olive  oil,  913 
yellow  wax,  914 

assays,  913 

number,  913 
Saponin,  648 
Saponins,  640 

bibliography,  649 
Sapotoxm,  648 
Sapphire,  489 
Sarcolactic  acid^  609 
Sargent's  electnc  still,  106 
Sarsaparilla,  648 

bibliographv,  650 

compound  decoction,  219 


Sarsaparilli,  compound  fluid 
extract,  247 
syrup,  199 

fluidextract,  244 
Sarsasaponin,  648 
Sassafras,  744 

bibliography,  770 

medulla,  636 

oU,  744 

pith,  636 

bibliography,  638 
mucilage,  193 
Sassafrid,  744 
Saturated  solution,  123 
Savine,  760 

bibliography,  77) 

ofl,  760 
Saw  palmetto,  753 
Saxoline,  578 

Scale  bismuth  salts,  bibliog- 
raphy, 544 
Scale  salts  of  iron,  517 

bibliography,  521 
Scales,  36 

platform,  43 
Scaling  ferric  citrate,  1000 
Scammonin,  647 
Scammonium,  647 
Scammony,  647 

bibliography,  650 

resin,  2Sd 
Scarlet  red,  696 

bibliography,  699 
Scheele's  green,  522 

hvdrocyanic  acid,  673 
Schleich's  solution,  594 

bibliography,  605 
Scflla.  644 
Scillioiuretin,  644 
Sdlliuj  644 
Scillipicrin,  644 
Scillitoxin,  644 
Sclerotic  acid,  837 
Scoparin,  835 
Scoparius,  835 

bibliography,  841 
Scopola,  834 

bibliography,  841 
Scopolamine       hydrobro- 

midum,  806 
Scopolamine,  834 

hydrobromide,  806 
Screw  press,  156 
Scripula,  29 
Scutellaria,  643 

bibliography,  650 

fluidextract,  250 
Secondary  alcohols,  571 
Sedimentation^  140 

for  clarification,  140 
Seeds,  definition,  620 
Seidlitz  mixture,  291 

powder,  291 
Self-regulating  thermome- 
ters, 80 
Senega,  649 

bibliography,  650 

fluidextract,  248 
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Senega  syrup,  200 

Seneein,  649 

Seneka    snake    root.     See 

Senega. 
Senna,  792 
bibliography,  794 
compound  infusion,  217 
confection,  303 
fluidextract,  255 
manna  and  salts,  218 
syrup,  200 
Separation    of   immiscible 
liquids,  bibliogra- 
phy, 139 
by  florentine  receiv- 
er, 141 
by  pipette,  141 
by  separatory  fun- 
nel, 141 
by  syphon,  141 
by  syringe.  141 
Separatorjr  funnels,  137 
Serpentana,  758 
bibliography,  771 
fluidextract,  250 
tincture,  237 
Serpentine,  460 
Serum  albumin,  843 
bibliography,  857 
antidiphthericum,  853 
punficatum,  853 
siccum,  853 
antitetanicum,  857 
purificatum,  854 
siccum,  854 
Sesame  oil,  655 

bibliography,  671 
Sesquiterpenes,  728 
bibliography,  737 
Sevum,  661 
benzoinatum,  661 
prsparatum,  661 
S.  F.  Manna.    See  Small 

flake  manna. 
Shekels,  29 
Sieve  as  strainer,  131 

numbers,  116 
Sieves,  116 
and  sifting  bibliography, 
118 
Sifting,  116 
Sima,  928 
Silicate  of  soda,  442 
Silicates  test,  867 
Silicon,  387 

bibliography,  389 
Siliqua,  29 
Sak^630 

bibliography;  638 
Silver,  561 
bibliosraphy,  566 
coUoiaal,  565 
cyanide,  564 

bibliography,  566 
plance,  561 
iodide,  564 

bibliof^raphy,  566  ] 
emulsion,  564 


Silver  nitrate,  562 
bibliography,  566 
moulded,  563 

oxide,  564 

bibliography,  566 

tests,  875 
Simple  cerate,  328 

decomposition,  400 

molecule,  353 

ointment,  331 

reaction,  400 

solution,  120 

syrup,  195 
3inalbin.  675 
Sinapin  bisulphate,  676 

sulphocvanide,  676 
Sinapis  alba,  675 

nigra.,  675 
Sinigrin,  674 
Sirup,  195 

Six-hundred-and-six,  698 
Sise  of  drop,  32 

bibliography,  47 
Skull  cap,  643 
Slab  and  Muller,  117 
Slag,  499 
Slaked  lime,  467 
Slicing  drugs.  111 
Slippery  elm  bark,  636 
Smith's   solution    of   bro- 
mine. 190 
Small  flake  manna,  634 
Smalli>ox  vaccine,  856 
Smalt,  488 

Snakeroot,  blacky  757 
Snakeroots,  Virginia,  758 
Soamine,  698 
Soap,  665 

bark,  648 

bibliography,  671 

green,  666 

finiment,  266 

plaster,  344 
'  soft,. 666 
Soaps,  664 
Soapstone,  466 
Socaloin,  793 
Socotrine  aloes,  792 
Soda,  427 

cum  calce,  427 

lime,  427 

mint^  191 

solution,  427 
Sodii  acetas,  428 

arsenas,  525 

benzoas.  428 

benzosulphinidum,  708 

bicarbonas,  434 

bisulphis,  429 

boras.  429 

boro-oenzoas,  431 

bromidum,  431 

cacodylas,  604 

carbonas      monohydras, 
431 

chloras,  435 

chloridum,  435 

dtras,  436 


Sodii  cyanide,  436 
glycerophosphate, 

436 
hydroxide,  427 
hypophosphis,  437 
hsrposulphis,  444 
indigotin-disulphonas, 

696 
iodidum,  437 
nitraa,  438 
nitris,  438 
perboras,  430 
phenolsulphonas,  439 
phosphas,  439 

effervescens,  441 

exsiccatus,  441 
p3rrophosphas,  441 
salicvlas,  442 
sulphas,  443 
sulphis  exsiccatus,  444 
thiosulphasy  444 
Sodium,  425 
acetate,  428 
araenate,  525 

bibliography,  535 

exsiccated,  526 

solution,  188 
arsenilate,  698 
benzoate,  428 

bibliomphy,  445 
benzoeuiphiniae,  70S 
bibliography,  445 
bicarbonate,  434 

bibliography,  445 
bisulphite,  429 
borate.  429 
bromide,  431 

bibliography,  445 
cacodylate,  604 
carbonate,  431 

bibliography,  445 

monohycuated,  431 

exsiccated,  434 
chlorate,  435 

bibliography,  445 
chloridi,  435 

bibliography,  445 
citrate,  436 
cyanide,  436 

glycerophosphate,  438 
ydrate,  427 
solution,  427 
hydroxide,  427 
solution,  189 
hypophofiphite,  437 
bibiiography,  445 
indigotin-disiuphocttte, 

696 
iodide,  437 
nitrate,  438 

bibliography,  446 

nitrite,  438 
bibliography,  446 

perborate,  430 
phenolsulphonate,  439 

bibliography,  446 
phosphate,  439 
bibliography,  446 
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Sodium   phosphate,    com- 
pound solution,  440 
effervescent,  441 

manufacture,  9d4 
exsiccated,  441 
pyroborate.  See  Sodium 

borate, 
pyrcmhosphate,  441 
bibliography,  446 
salicylate,  442 
natural,  710 
silicate,  442 
sulphate,  443 
biblioffraphy,  446 
crvstallizmg,  973 
sulphite,  444 
sulphovmate,  593 
tests,  870 
tetraborate.  See  Sodium 

borate. 
thiosulphate.  444 
bibliography,  446 
Soft  capsules,  298 
petrmatum,  578 
soap.  666 

biDliography.  671 
liniment,  266 
Solanaces,  833 
Solid,  definition,  345 
fuels,  67 

petroxes,  N.F.,  337 
pharmaceuticals,    table, 
170 
Solids    insoluble    in    and 
heavier  than  water, 
specific  gravity  of, 
54,57 
and  lighter  than  water, 
specific  gravity  of, 
57 
soluble    in    and    lighter 
than  water,  specific 
jnavity  of,  57 
specmc  gravity^  53 
Solubilities,    bibhography, 
138 
table,  120 
Solubility,  120 
estimation,  124 
bibliography^,  138 
Soluble  antiseptic  powder, 
294 
ferric  phosphate,  520 
pyrophosphate,  520 
^nger,  234 

iron    and    quinine     ci- 
trate, 519 
Solution,  chemical,  120 
circulatory,  122 
conditions         affecting, 

121 
definition.  118 
Donovan  8jl86 
gaseous,  127 
ionic  theory,  119 
Labanraque's,  376 
LugoFs,  187 
of  acid  phosphate,  191 


Solution  of '  albuminate  of 
iron,  190, 843 
of  aluminum        acetate, 
189 

bibliography,  498 
acetico-tartrate,    189 
subacetate,  189 
of   ammonium    acetate, 
185 
bibliography,  459 
citrate,  189 
of  arsenic  chloride,  185 
of  arsenous  acid,  185 
and   mercuric   iodide, 
186 
of  bismuth,  190 
of  carmine,  190 
of    calcium    hydroxide, 

468 
of  carmine,  100 
of  chlorinated  soda,  376 

manufacture,  989 
of    chlorine    compound, 

374 
of  cresol  compound,  186, 

773 
of   ferric    acetate,    190, 
517 
albuminate,  bibliogra- 
phy. 857 
chloride,  510 
citrate,  190,  517 

manufacture,  998 
hypophosphite,  190 
nitrate,  190,  517 
oxychloride,  190 
oxysulphate,  190 
salicylate,  190 
subsulphate,  513 
sulphate,  513 
manufacture,  997 
of  ferrous  chloride,  190 
of    formaldehyde,     185, 

684 
of     gold     and     arsenic 

bromide,  190 
of  gutta-percha,  190 
of  hydrogen  dioxide,  174, 

870 
of  hypophosphites,  191 
of  hypophysis,  852 
of  iodme,  compoimd,  187 
of  iron  and  ammonium 

acetate,  517 
of  lead  subacetate,  186, 
647 
diluted,  187 
manufacture,  1003 
of  lime,  468 

of    magnesium    citrate, 
187,468 
bibliography,  477 
of  mercuric  nitrate,  190, 

660 
of  pancreatin,  191 
of  pepsin,  191 
of  peptonate  of  iron  and 
manganese,  843 


Solution     of     peptonates 
with  manganese,  bib- 
liography, 857 
of  persulphate  of  iron, 

513 
of  potassa,  410 
of    potassium    arsenite, 
525 
citrate,  418 
hydroxide,  410 
of  soda  manufacture,  987 
of  sodium  arsenate,  191, 
527 

glycerophosphate,  437 
ydroxide,  189,  427 
phosphite,  compound, 
440 
of  zinc  chloride,  482 

manufacture,  996 
operation,  122 
saturated,  123 
simple,  120 
supersaturated,  123 
three  meanings   of   the 

word,  184 
volume  change  effected, 
123 
Solutions,  184 
bibliography,  138 
chemical,  184 
manufacture,  184 
simple,  182 
table  of,  185 
Solvay  process,  433 
Solvents,  119 
Somnal,  677 

bibliography,  685 
Sorbite  622 

bibliography,  637 
"Sorts"  manna,  634 
Sources  of  heat,  65 
Soybeans,  664 

bibliography,  671 
Soziodol,  691 

bibliography,  699 
Sozol,  691 

bibliography,  699 
Spanish  fiy,  849 
Sparteine  sulphas,  802 
Sparteine,  802,  835 
bibliography,  839 
sulphate,  802 
Spathic  iron  ore,  499 
Spatulas,  115 
Spearmint,  747 
bibliography,  770 
essence,  182 
oil,  747 
water,  177 
Special  stills,  bibliography, 

110 
Species,  25 
N.F.,  294 
Specific  gravity,  47 
bottle,  48 

by  immersing  in  liquid 
of  known  density, 
54 
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Specific    gravity,  calcula- 
tions, 55-59,  967 
estimation,  48 
exercises,  967 
of  acids.  390 
of  solios,   estimation, 

53 
tables,  58 
value,  47 

with  graduated  tube, 
53 
name,  25 

rotatory  power,  735 
volume,  58 
Spermaceti,  669 

bibliography,  671 
Sphacelic  acid,  837 
Spigelia,  830 

nuidextract,  244 
Spk;eline,  830 
Spike  oil,  741 
Spiral  balance,  Jolly's,  53 
Spirit  of  ammonia,  451 
aromatic,  180,  464 
of  anise,  180 
of  ants,  183 
of  bitter  almond,  180 
of  camphor,  181 
of  chloroform,  181 
of  cinnamon,  181 
of  ether,  179 

compound,  182 
of  gaultheria,  182 
of  glonoin,  612 
of    glyceryl     trinitrate, 

181,  612 
of  hartshorn,  451 
of    juniper,    comi>ound, 

181 
of  lavender,  182 
of  lemon,  229 
of  minderenis,  184,  451 
of  mustard,  183 
of  m3rrcia,  183 
of  nitroglycerin,  181 
of  nitrous  ether,  694 

bibliography,  605 
of    orange,    compound, 

180 
of  peppermint,  182 
of  phosphorus,  182 
of  sea  salt^  392 
of  spearmmt,  182 
wood,  584 
Spirits,  178 
by  dilution,  179 
by  distillation.  179 
by  gaseous  solution,  179 
by  maceration,  179 
by  solution,  179 
manufacture,  179 
Spiritus  acidi  formici,  183 
ffitheris,  179 
compositus,  182 
nitrosi,  594 
ammoniffi^  182,  461 

aromaticus,  180,  464 
amygdahe  amarum,  180 


Spiritus  anisi,  180 

aurantii  compositus,  180 

camphone,  181 

cardamomi    compositus, 
183 

chloroformi,  181 

cinnamomi,  181 

formicarum,  183 

frumenti^  183^  689 

fumans  Libavii,  532 

gaultheriae,  182 

glonoini,  672 

glycerylis  nitratis,    181, 
612 

juniperi,  181 
compositus,  181 

lavandulsB.  182 

limonis,  182 

menthsD  piperita,  182 
viridis,  182 

myrciae,  183 
compositus,  183 

odoratus,  183 

phosphori,  182 

sinapsis,  183 

vanfllini  compositus,  183 

vini  gallici,  183,  689 
Split  emulsion,  261 
Spongy  platinum,  534 
Spontaneous   evaporation, 

89 
Sprays,  N.F.,  268 
Spreading  plasters,  1006 
Spritis  bottle,  128 
Squibb 's     diarrhoea    mix- 
ture, 258 

well  tube  percolator,  165 
Squill.  644 

Dibuography,  650 

compound  syrup,  200 

fluidextract,  248 

syrup,  199 

tmcture,  232 

vinegar,  255 
Standard  pipette,  bibliog- 
raphy, 47 
Stannic  chloride,  532 

oxide,  531 
Stannous  chloride,  532 

oxide,  532 
Stannum,  531 
Staphisagria.  836 
V  bibliography,  842 

fluidextract,  244 
Staphisagrin,  836 
Star  anise,  749 
Starch  628,  682 

biblio^phy,  638 

glycente^  211 
Stavesacre.  836 
Steam  batn,  75 

coils.  75 

distillation,  102 

kettles,  75 

pressure  tables,  bibliog- 
raphy, 110 

superheated,  75 
Steapsin,  847 


Stearate  of  sine,  484 
Stearic  acid,  651 

bibliography,  620 
Stearoptene,  729 
Steel,  500 

bibliography,  520 
Stem,  defimtion,  619 
Sterile  distilled  water,  176 
Sterilization,  124 

bibliography^  138 
Sterilis^   dieftdled  water, 

368 
St.  Germain  Tea,  294 
Stibine,  522 
Stick  licorice,  277 
Sticking  plaster.  342 
Stili,  N.F.,  338 
Stm.  Gurtman,  103 
.  Pnoenix,  100 

Remington,  103 
StiUin^a,  757 

bibhography,  771 

fluidextract,  244 
Stills,  94 
Stirrers,  91 
Stirring     rods,     breaking 

same,  91 
Stokes'  expectorant,  258 

liniment,  267 
Stomach  drops,  235 
Stone  oiL  576 
Stone's  little  Giant  PQk, 

556 
Storax,  769 

bibliography,  772 
Stove,  gas,  71 

vapor,  68 
Stoves,  67 

electric,  73 
Strainers,     dieese    dotli, 

131 

cloths,  131 

colander,  131 

felt,  131 

flannel,  131 

sieve,  131 
Strainine,  130 
«  forcible,  131 

rack,  131 
Stramonium.  833 
•  bibliograpny,  841 
"  extract,  279 

fluidextract,  250 

ointment,  3i34 

seed,  834 

tincture,  233 

Strength  of  adds,  390 

of  extracts,  271 
"Striking  back"  of  bamer, 

70 
Stronger  ammonia  water, 

orange  flower  water,  ua 

Rose  water,  177 
Strontianite,  475 
Strontii  bromidum,  475 

iodidum,  476 

salicylas,  476 
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Strontium,  475 

bibliography,  477 

bromide,  475 

iodide,  476 

salicylate,  476 

test,  871 
Strophanthin,  644 

Dibliography,  650 
Strophantninum,  644 
Strophanthus,  644 

bibliography,  650 

tincture,  2S3 
Strychnina,  815 
Strychnins  nitras,  816 

sulphas,  816 
Strycnnine,  815 

bibliography,  840 

nitrate,  816 

sulphate,  816 
Styptic  collodion,  214 
Stypticin,  825 
Styptol,  825 
Styracine,  769 
Stjrrax,  769 
Styrol,  769 

Subacetate  of  lead,  solu- 
tion, 547 
Subcarbonate  of  bismuth, 
542 

of  iron,  502 
Subsallate  of  bismuth,  543 
Subfimate,  corrosive,  554 
Sublimates  cake,  106 

powdered,  106 
Suolimation,  81, 106 

apparatus,  106 

exercises,  975 

in  making  crystals,  149 

operation,  106 

temperature  of  conden- 
sation, 106 
Sublimed  sulphur,  380 
Subnitrate  of  bismuth,  539 
Subsalicylate  of  bismuth, 

543 
Subscription,  928 
Subsulphate  of  iron  solu- 
tion, 513 

of  mercuiy,  559 
Succi,  234 
Succinic  add,  614 

bibliography,  621 
Succinum,  614 
Succus  citri,  620 
Suction  by  syphon,  138 

puinps,  93 

bibliography,  139 
Suet,  prepared,  661 

ulmated,  661 
Sugar.  626 

bibliography,  638 

coating  pills,  308 

of  lead,  546 

of  milk,  627 
Suint,  662 
Sulphate  of  aluminum,  494 

of  ammonium,  458 

of  copper,  537 


Sulphate  of  iron,exsiccated, 
332 
granulated,  508 
of  magnesia,  464 

effervescent,  465 
of  manganese,  487 
of  potash,  424 
of  sodium,  443 
of  zinc,  484 
Sulphates,  tests,  864 
Sulphide    of    ammonium, 
458 
of  mercury,  561 
of  potash.    See  Svlphur- 
ated  potassa,  412 
Sulphides,  test,  863 
Sulphite  of  sodium,  444 
Sulphites,  test,  863 
Sulphobenzoic  acid,  707 
Sulphocarbolate  of  sodium, 
439 
of  zinc,  484 
Sulphocarbolic  add,  690 
Sulphocyanates,  test,  868 
Sulphocyanide  acid, '674 
Sulphonal,  608 

bibliography,  621 
Sulphonethylraethane,  608 
S  u  1  p  h  onethylmethanuni, 

608 
Sulphonmethane,  608 
Sulphonmethanum,  608 
Sulphovinic  acid,  593 
bibliography,  605 
Sulphotoluene,  708 
Sulphur,  379 
amorphous,  380 
bibliography,  389 
crystalline,  379 
crsrstals,     manufacture, 

149 
flowers,  380 
iodide^  381 

bibhography,  389 
lotum,  38 
milk,  381 
ointment,  335 
pnecipitatiun,  380 
precipitated,  380 
roll.  379 

Bublimatum,  380 
sublimed,  380 
washed,  380 
Sulphurated  lime,  470 
bibliography,  477 
potassa,  412 
bibliography,  425 
Sulphuric  acid,  398, 401 
aromatic,  401 
bibliography,  406 
contact  method,  400 
diluted,  401 
tests,  864 
Sulphuris  iodidum,  381 
Sulphurous  acid,  424 

tests,  863 
Sumbul,  757 
bibliography,  771 


Sumbul,  extract,  280 

fluidextract,  244 
Sun  cholera  mixture,  258 
Superheated  steam,  75 
Supernatant  liquid,  142 
Superscription,  928 
Suppositoria  giycerini,  326 
Suppositories,  323 

Dioliography,  327 

by  compressing  325 

by  fusion,  324 

by  moulding,  324 

by  rolling,  324 

nasal,  327 

of  glycerin,  326 
Suppository  capsules,  327 

machines,  325 

making,  982 

moulds,  324 
Suprarenal    glands,    bibli- 
ography, 857 
desiccation,  851 
Suprarenin,  851 
Surface  combustion,  712 
Sweet  almond,  663 
bibliography,  671 

birch  oil,  710 

flag,  758 

oU,  655 

orange  peel,  754 

bibliography,  771 
tmcture,  223 

spirits  of  nitre.  594 

tmcture  of  rhubarb,  237 
Swift  mill,  114 
Sydenham's  laudanum,  236 
Sylvestrene,  727 
Sylvite.  407 
Symbolj  347 
Symbohc  formula,  347 
Sympathetic  ink,  488 
Synonyms,  23 
Synthetic  perfumes,  bibli- 
ography, 738 
Syntonin,  843 

bibliography  857 
Syphon,  129 

for    separating    immis- 
cible liquids,  141 

principle  of  action,  130 

suction^  138 
Syringe,  for  separating  im- 
miscible liquids,  141 
Syrup,  193,  196 

by  agitation^  194 

by  hot  solution,  194 

by  percolation,  194 

cola  process,  194 

Coxe^s,  200 

Easton's,  201 

of  acacia,  196 

of  althes,  202 

of  almond^  201 

of  ammonium  hypophos- 
phite,  202 

of  blackberry  fruit,  203 

of  blood-root,  203 

of  buckthorn  oerries,  203 
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Syrup  of  calcium  and  so- 
dium hypophos- 
phites,  202 

hydrochlorophos- 
phate,  202 

h^mophosphite,  202 

lactophosphate,     4769 
610 
and  iron,  202 
of  cinnamon.  202 
of  citric  acid,  196 
of  codeine,  202 
of  Dover's  powder,  203 
of  ether,  594 
of  ferric  hypophoaphite, 

202 
of  ferrous  chloride,  202 

iodide,  506 

bibliography,  520 
manufacture,  1000 
oC  garlic,  202 
of  ginger,  201 
of  hydriodic  acid,  394 
of  hypophosphites,  197 

compound,  201 

with  ironj  201 
of  iodotannm,  203 
of  ipecac,  197 
of  iron  lactophosphate, 
202 

and  manganese  iodide, 
202 
of  krameria,  203 
of  lactucarium,  198 
of  lemon,  196 
of  licorice,  203 
of  lime,  469 

bibliography,  477 

manufacture,  995 
of  manna,  203 
of  marshmallow,  202 
of  morphine,  821. 
of  orange,  196 

flowers,  197 
of  phosphates   of   iron, 

quinine    and    strych-* 

nine,  201 
of  poppy  capsules,  203 
of  rhubarb,  198 
of  rose,  201 
of  rubus,  203 
of  senega,  200 
ofsenna^  200 
of     sodium     hypophos- 

phite.  204 
of  squill  199 

compound,  200 
of  tar,  198 
of  the  bromides,  202 
of^  the    phosphates    of 

iron,      quinine      and 

strychnine,  202 
of  the  soluble  oxide  of 

iron,  202.  203 
of  tolu,  201 
of  wild  cherry,  198 
Syrups,  193 


Syrups,  bibliography,  205 
flavored,  194 
f rom  fluidextracts,  197 
manufacture,  194 
medicated,  194 
Syrupus,  195 
acacisB,  196 
acid  h^driodici,  394 
acidi  citrici,  196 
aim,  202 
althaue,  202 
amy^dalffi,  201 
asan  compositus,  202 
aurantii,  196 

florum,  197 
bromidorum,  202 
calcii    et    hypophosphi- 
tum,  202 

hydro  chlorophos* 
phatis,  202 

hypophosphitis,  202 

iddidi,  202 

lactophosphas,      475, 

lactophosphatifl        et 
ferri,  202 
calcis,  469 
cimicifugsB     compositus, 

202 
cinnamomi,  202 
codeins,  202 
corrigens,  202 
eriomctyi      aromaticus, 

202 
ferri  et  mangani  iodidi, 
202 
hypophosphitis,  202 
iodidi,  506 
lactophosphatis,  202 
protochloridi,  202 
quiniiue  et  strychninse 
phosphatum,      201, 
202 
saccharati  solubilis, 
203 
ficorum  compositus,  203 
glycyrrhiEse,  203 
hypophosphitum,  197 

compositus,  201,  203 
iodotannicus,  203 
ipecacuanhse,  197 

et  opii,  203 
krameris,  203 
lactucarii,  198 
mannsB,  203 

morphine  et  acacis,  203 
papaveris,  203 
phosphatum  compositus, 
203 
cum  quinina  et  strych- 
nina,  203 
picis  liquid®,  198 
pini   strobi    compositus, 
203 
cum      morphina, 
203 
pruni  virginianse,  198 
quatuor,  821 


Syrupus  quinidins,  203 
rhamni  cathartici,  203 
rhei,  198 

aromaticus,  199 
rosffi,  201,  208 
rubi,  203 

fructus,  a03 

ids&i,  201,  208 
sanguinariie,  203 
sarsaparill®  compositus, 

199 
scillse,  199 

compositus,  200 
sennie,  200 

aromaticus,  204 

compositus,  204 
sene^s,  200 

sodiih3rpopho8phitis,  204 
stillingiffi       compositus, 

204 
tolutanus,  200 
zingiberis,  201 
Syrupy    phosphoric    acid, 

403 
Systematic  chemical  analy- 
sis, 877 

Table  of  elements,  352 
of  official  collodions,  213 
extracts,  269 
plycerites,  210 
infusions,  212 
ointments,  330 
oleoresins,  253 
pharmaceutical  liquid, 
170 
soUds,  170 
pills,  311 
powders,  200 
8olutions2l85 
spirits,  1/9 
eyrwpBf  195 
troches,  320 
waters,  171 
of  plasters,  341 
of  solubiUty,  120 
Tablespoonful,  32 
Tablet  triturates,  319 
bibliography,  3^ 
Tablets,  compressed,  315 

h3rpodermic,  319 
Tabular  crystals,  147 
Tsenin,  781 
Talc.  466 
bibliography,  477 
purifi^,  466 
Talcum,  406,  466 

purificatum,  466 
Tamar  indienne,  303 
Tamarind,  620 

bibliography,  621 
Tamarindus,  620 
Tannaspidic  acid,  757 
Tanacetene,  727 
Tannates,  tests,  869 
Tannic  acid,  715 

bibliography,  719 
ointment,  331 
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Tannic  acid,  tests,  869 

troches,  320 
Tannin,  715 

glycerol,  211 
Tannins,  715 

bibliography,  205 
Tar,  766 
bibliography,  772 
glycerol,  767 
mixture,  258 
oil,  767 
ointment,  334 
syrup,  198 
Taraxacerin.  780 
Taraxacin,  779 
Taraxacum,  779 
bibliography,  787 
extract,  280 
fluidextract,  245 
"Taring"  dishes,  90 
Tartar  emetic,  530 

bibliography,  535 
Tartaric  acid,  614 
bibliography,  621 
tests,  867 
Tartrate  of  antimony  and 
potassium,  530 
of   iron   and   ammonia, 
518 
and  potassium,  518 
of  potassium  and  sodium, 
420 
Tartrates,  tests,  867 
Tasteless  tincture  of  iron, 

236,  511 
Taurin,  604 

bibliography,  606 
Taurocholic  acid,  853 
Tea,  681 
Teacupful,  32 
Teel  oil,  655 
Temperature,  influence,  on 

solution,  121 
Tenth-noi:mal       bromine, 
V.  S.,917 
iodine,  V.  8.,  893 
oxalic  acid,  V.  S.,  884 
potassium     dichromate, 
V.  S.,  901 
hydroxide,  V.  S.,  885 
permanganate,   V.  S., 

897 
Bulphocyanate,  V.  S., 
903 
silver  nitrate,  V.  S^  902 
sodium  chloride  V.  S.,  903 

thiosulphate,  893 
sulphuric  acid,  V.  S.,  886 
Terebene,  729 

bibliography,  737 
Terebenum,  729 
Terebinthina,  765 
canadensis,  766 
Ternary  compound,  353 
Terpene  nomenclature  bib- 
liography, 737 
Terpenes,  725 
bibliography,  73V 


Terpeneless    volatile    oils, 
729 

Terpin  hydrate,  730 
bibliography,  737 

Terpinene,  727 

Terpineol,  730 
bibliography,  737 

Terpini  hydras,  730 

Terpinolene,  726 

Terra  alba,  475 

bibliography,  477 
silicea  purincata,  388 

Tersulphate  of  iron,  solu- 
tion, 513 

Tertiary  alcohols,  571 

Test  solutions,  860 
tubes,  144 

Testing   by   precipitation, 
143 
pharmaceutical,  859 
the  balance,  37 
thermometers,  966 

Tests  for  acetates,  867 
for  acetic  acid,  867 
for  aluminum,  872 
for  ammonium,  870 
for  antimony,  874 
for  arsenic,  873 
for  barium,  871 
for  benzoates,  869 
for  bismuth,  875 
for  borates,  865 
for  boric  acid,  865 
for  bromates,  862 
for  bromic  acid,  862 
for  bromides,  862 
for  butyrates,  867 
for  calcium,  871 
for  carbonates,  866 
for  carbonic  acid,  866 
for  chlorates,  862 
for  chlorides,  861 
for  chromium,  872 
for  citrates,  867 
for  citric  acid,  868 
ior  copper,  875 
for  cyanides,  868 
for  ferricyanides,  868 
for  ferrocyanides,  868 
for  ferous  salts,  872 
for  fluorides,  863 
for  free  alkali,  877 
bromine,  862 
chlorine,  861 
iodine,  862 
for  gallates,  869 
for  gallic  add,  869 
for  heavy  metals,  876 
for  hvriodic  acid,  863 
for    nydrobromic    acid, 

862 
for    hydrochloric    acid, 

861 
for  hypochlorites,  862 
for  hypophosphites,  868 
for  iodates,  863 
for  iodic  acid,  863 
for  iodides,  863 


Tests  for  iron,  872 
for  lead,  875 
for  lithium,  870 
for  magnesium,  871 
for  manganese,  872 
for  mercuric  salts,  875 
for  mercurous  salts,  875 
for  nitrates,  864 
for  nitric  acid,  864 
for  nitrites,  864 
for  nitrous  acid,  864 
for  nbn-volatile  impuri- 
ties, 877 
for  oxalates,  867 
for  oxalic  acid,  867 
for  perchlorates,  862 
for     phenolsulphonates, 

869 
for  phosphates,  865 
for  phosphoric  acid,  865 
for    phosphorous    acid, 

865 
for  potassium.  870   * 
f or  pyrophospnates,  866 
for  salicylates,  867 
for  silicates,  867 
for  silver,  876 
for  sodium,  870 
for  strontium,  871 
for  sulphates,  864 
for  sulphides,  864 
for  sulphites,  863 
for  sulphocyanates,  868 
for  sulphuric  acid,  864 
for  sulphurous  acid,  863 
for  tannates,  869 
for  tannic  acid,  869 
for  tartaric  acid,  867 
for  tartrates,  867 
for  thiosulphates,  864 
for  valerates,  867 
for  zinc,  871 

Tetanus   antitoxic   globu- 
lins, 854 

Tetrads,  352 

Tetragonal  system  of  crys- 
tals. 147 

Tetraiodopyrrol,  682 

Tetramethylthionine     hy- 
drochloride, 695 

Tetraoxymethylanthra- 
quinon,  790 

Tetronal,  608 
bibliography,  621 

Theatrical  cold  cream,  331 

Theorem,  Archimedes,  54 

Theobroma  cacao,  659 
oU,  659 

Theobromine  sodio-salicy- 
las,  680 

Theobromine,  678 
biblio^aphy,  685 
sodio-saucylate,  680 

Theocine.  681 

Theophyllin,  678 

TheophyllinsB,  681 

Theophylline,  681 

Thermite,  490 
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Thermometer,  mercury, 
filament,  repairing 
break,  80 

self  registering,  80 

testing,  79,  916 
Thermometers,    bibliogra- 
phy, 80 

Celsius,  77 

centigrade,  77 

Fahrenheit,  76 

fever,  79 

Reamur,  77 

size  and  shape,  79 
Thermometric    degrees, 

conversion,  77,  78 
Thermostats,  110 
Thiocyanates,      bibliogra- 
phy, 684  • 
Thiocvanic  acid,  674 
Thiophene,  682 

bibliography,  685 
Thioresorcin,  693 
Thiosulphate    of    sodium, 

444 
Thiosulphates,  tests,  864 
Thompson's    solution     of 

phosphorus,  191,  385 
Thorn  apple,  833 
Thorougnwort.      See  Eu- 

patorum^  763 
Thujene,  727 
Thyme,  748 

on,  743 
Thjrmol,  723 

bibliography,  737 

iodide,  724 
bibliography,  737 
Thymolis  lodidum,  724 
Thyroid  glands,  bibliogra- 
phy,  857 
desiccated,  851 
Thyroidin,  861 
Tinj  531 

bibliography,  535 

foil,  531 

plate,  531 

powdering,  118 

salt,  532 

stone,  531 
Tincal,  430 
Tinctura  aconiti,  222 

aloes,  222 
and  myrrhse,  235 
et  myrrhse,  235 

amara,  235 

antiperiodica,  235 
sine  aloe,  235 

amicsB,  223 

aromatica,  235 

asafcBtida,  223 

aurantii  amara,  223 
dulcis^  223 

benzoini,  224 
composita,  224 

bryonise,  235 

cacti,  grandiflori,  235 

calendulse,  235 

calumbse,  224 


Tinctura  cannabis  indies, 

224 
cantharidis,  224 
capsici,  225 

et  myrrhse,  235 
caramelis,  235 
cardamomi,  225 
^  composita,  225 
cimicimgse,  235 
dnchonse,  225 
dnnamoni,  226 
oocculi  incuci,  235 
oolchici  seminis,  226 
croci.  235 
cubeoflBj  235 
delphinii,  235 
dii^talis,  226 
ergots  ammoniata,  235 
ferri  chloridi,  227,  510 
^  stherea,  235 

dtrochloridi,  235 

pomata,  236 
gallsB,  236 

gambir  composita,  227 
gelsemii,  227 
gentians  composita,  227 
guaiaci,  227 

ammoniata,  227 

compositus,  236 
humuh,  236 
hydrastis,  228 
hyoscyami,  228 
ignatise,  236 
iodi,  229,  379 

decolorata,  236 

fortior,  236 
ipecacuanhffi    e  t    o  p  i  i, 

236 
jalaps,  236 

oomposita,  236 
kino,  228 

et  opii  composita,  236 
krameris,  236 
lactucarii,  228 
lavanduls       composita, 
^  229 

limonis  oorticis,  229 
lobelis,  229 
moschi,  229 
myrrhs,  230 
nucis  vomics,  230 
opii,  230 

camphorata,  231 

crocata,  236 

deodorati,  231 
paracoto,  236 
passiflors,  236 
pectoralis,  286 
persionis,   237 

oomposita,  237 
physostigmatis,  231 
pimpinelis,  237 
pulsatills,  237 
pyrethri,  231 
quassis,  231 
quilajs,  237 
rhei,  232 

aquosa,  237 


Tinctura    rhei    aromatica, 
232 

dulds,  237 

et  gentians.  237 
sabal  et  santali,  237 
sanguinaris,  232 
saponis  viridis,  266 
scills,  232 
serpen  tans,  237 
st^amonii,  233 
strophanthi,  233 
Bumbul,  237 
thebaica,  230 
tolutana,  233 
valerians^  233 

ammoniata,  233 
vanills,  234,  887 
veratri,  234 
viburm  opuli  composita, 

237 
zedoaris  amara,  237 
zingiberis,  234 
Tincturs,  222 
stheres,  234,  237 
herbarum  recentium,  234 
medicamentorum  recen- 

tum,  234,  237 
Tincture  of  aconite,  222 
of  aloes,  222 

and  myrrh,  235 
of  arnica,  223 

flowers,  223 

root.  223 
of  asaf etida,  223 
of  benzoin,  224 

compound,  224 
of  bitter  orange  peel,  223 
of  brvonia.  235 
of  calendula,  235 
of  calumba,  224 
of  cannabis,  224 
of  cantharides,  225 
of  capsicum,  225 
of  caramel,  235 
of  cardamom,  225 

compound,  225 
of  catechu,  227 
of  cimicifuga,  235 
of  cinchona,  225 

compound,  226 
of  cinnamon,  226 
of  citrochloride  of  iron, 

bibliography,  521 
of  colchicum  seed,  226 
of  cubeb,  235 
of  cudbear,  237 
of  deodorized  opium,  231 
of  digitalis,  226 

fat-free,  226 
of  Dover's  powder,  236 
of   ferratea    extract   of 

apples,  236 
of  ferric  chloride,  227, 910 

bibUo^phy,  521 
of  fish  hemes,  235 
of    gambir,    compound, 

227 
of  gelsemium,  227 
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Tincture  of  gentian,  com- 
pound^ 227 
of  ginger,  234 
of  green  soap,  266 
of  guaiaci  227 

ammoniated,  227 
of  hops,  236 
of  hydrastis,  228 
of  hyoscyamus,  228 
of  ignatia,  236 
of  Indian  cannabis,  224 
of  iodine,  229,  379 

bibliography,  389 

colorless,  378 
of  ipecac  and  opium,  236 
of  iron,  tasteless,  511 
of  jalap,  236 
of  kino,  228 
of  krameria,  236 
of  lactucarium,  228 
of  larkspur,  235 
of  lavender,  compound, 

229 
of  lemon  peel,  229 
of  lobelia,  229 
of  marigold,  235 
of  musk,  2291 
of  myrrh,  230 
of  night  blooming  cereus, 

235 
of  nutgall,  236 
of  nux  vomica,  230 
of  opium,  230 

camphorated,  230 

deodorized,  231 
of  passion  flower,  236 
of  physostigma,  231 
of  pimpinelia,  237 
of  Pulsatilla,  237 
of  pyrethrum,  231 
of  quassia,  231 
of  qmllaja,  237 
of  rhubarb,  232 

and  gentian,  237 

aromatic,  232 

sweet,  237 
of  saffron,  235 
of  sanguinaria,  232 
of  saw-palmetto  and  san- 

tal,  237 
of  serpentaria,  237 
of  soap  bark,  237 
of  squill,  232 
of  stramonium,  233 
of  strophanthus,  233 
of  sumDul,  237 
of  sweet  orange  peel,  224 
of  tolu,  233 
of  valerian,  233 

ammonidted,  233 
of  vanilla,  234,  287 
of  veratrum,  234 
press,  157 
Tinctures,  219 
bibliography,  238 
by  digestion  and  macera- 
tion, 221 
by  dilution,  220 


Tinctures  by  maceration, 
221 

by  percolation,  221 

by  solution,  220 

manufacture,  220 

of  fresh  herbs,  234,  287 

strength,  219 
Tinnevelly  senna,  219,  792 
Titration,  859,  880 
Tobacco,  835 
Tolu,  769 

syrup,  200 

tmcture,  233 
Toluene,  699 

bath,  74 

bibliography,  713 
Tolyl-azo-betanaphthol, 

696 
Torrefaction,  81 

operation,  84 
Torrified  rhubarb,  791 
Torsion  balance,  43 
Toxalbumins,  844 
Toxin,  865 
Toxins.  844 
ToxitaoellsB       hjrdrargyri, 

chloridi  corroeivi,  318 
Tragacanth,  637 

bibliography,  638 

mucilage,  193 
Tragacantha,  637 
Translucent      substances, 

454 
Triads,  352 
Triangles,  82 
Tribasic  phosphate  of  lime. 

See  PredpUated  calcium 

vhoaphate, 
Tnbe  (plant),  25 
Tricarballylic  acid,  618 

bibliography^  621 
Trichloracetic  acid,  604 

bibliography,  606 
TricUnic  system  of  crystals, 

143 
Trimethyl  acetic  acid,  617 

benzenes,  720 
Trimethylene^  682 
Triraethylamme,  586 
Trinitrophenol,  690 
Trinitrophenolum,  690 
Trional,  608 
Trioxybenzoic  acid,  714 

bibliography,  621 
Trioxymethyl     anthraqui- 

none/  790 
Triphylin,  446 
Triple  pomade,  739 
Triplex  pills,  313 
Tripods,  82 
Triticum,  635 
>,  bibliography,  638 

fluidextract,  246 
Triturates,  115 

tablet^  319 
Trituratio  elaterini,  295 
Trituration,  115 

bibliography,  118 


Trituration  of  elaterin,  295 
Triturationes,  295 
Triturations,  295 

bibliography,  301 
Troches,  319 

bibliography,  323 

making,  981 

manufacture,  319 

of  ammonium   chloridi. 
321 

of  charcoal,  322 

of  catechu,  322 

of  cubeb,  321 

of  elm,  322 

of  gambir,  322 

of  peppermint,  322 
^of  phenolphthalein,  322 
^of    potassium    chlorate, 
321 
manufacture,  981 

of  santonin,  322 
and  calomel,  322 

of  sodium  bicarbonate, 
321 

of  sulphur  and  cream  of 
tartar,  322 

of  tannic  acid,  320 
Trochiscation,  118 
Trochisci     acidi     tannic!, 
320 

ammonii  chloridi,  321 

carbonis  ligni,  322 

cubebflB,  321 

gambir,  322 

menthffi  piperita,  322 

phenolphthaleini,  322 

potassu  chloratis,  321 

quininse  tannatis,  322 

santonini,  322 
compositi,  322 

sodii  bicarbonatis,  321  ^ 

sulphuris  et  potaiasii  bi- 
tartratis,  322 

ulmi,  322 
Trona,  431 
Tropine,  803 

bibliography,  839 
Troy  weight.  30 
Trypsin,  847 
"T.S.,"  860 
Tuber,  definition,  619 
Tubes,  collapsible,  336 
Tubing,  glass,  98 

rubber,  98 
Tubulated  retort,  95 
TuUy/s  powder,  293 
Turkish  geranium  oil,  742 
Turlington's  balsam,  224 
Turner's  cerate,  337 
Turpentine,  765 

biolio^raphy,  772 

emulsion,  263 

liniment,  266 

oil,  765 
rectified,  765 
Turpeth  mineral,  559 
bibliography,  566 
Type  metal,  528 
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ULMlTSy  636 

Ultramarme,  495 

bibliography,  498 
Unguentum,  331 

addi  borici,  331 
tannici,  331 

aqu»  rossB,  331 

belladonnffi,  332 

calaminsBy  337 

camphorsB,  337 

chrysarobini.  332 

diachylon,  332,  649 

fuscum,  336 

gallie,  332 
ydrargyri,  662 
hydrargyri     ammoniati, 
333,  564 
dilutum,  333,  609 
nitratis,  347,  560 
oxidi  flavi,  333 
rubri,  336 
iodi,  334 
iodoformi,  334 
phenolis,  334 
picis  compositum,  337 

liquidsB,  334 
plumbi  carbonatis,  648 

iodidi,  331.  648 
potassii  iodiai,  337 
resorcinolis  compositum, 

337 
solubile,  337 
Btramonii,  334 
Bulphuris,  336 
alkalinum,  337 
compositum,  337 
veratrmsj  337 
zinci  oxidi,  335 
stearatis,  337 
United  States  Pharmaco- 

poBiay  19-21 
Unna's     caseine    varnish, 

338 
Unslaked  lime,  467 
Upright  condensation,  101 
Ural,  601,  677 

bibliography,  606,  685 
Uranii  mtras.  498 
Uranium,  497 
nitrate,  498 
bibliography,  498 
Uranyl  nitrate,  498 
Urea,  677 

bibliography,  686 
Urethane,  677 

bibliography,  685 
Uric  acid,  677 

bibliography,  685 
Urinometer,  61 
Urotropin,  684 
Ursone,  648 
U.S.P.  Convention  of  1910, 

bibliography,  28 
"U.S.P.  IX.''^  See  United 

States  Pharmacopena, 
Uva  ursi;  648 

bibhography,  660 
fluidextract,  246 


Vaccine  virus,  866 

bibliography,  868 
Vacuum  apparatus,  92 

distillation,  103 

pan,  92 
Valence,  344 

bibliography,  366 
Valerate  of  zinc,  485 
Valerates,  tests,  867 
Valerian,  743 

bibliography,  770 

ammoniated      tincture, 
233 

fluidextract,  250 

tincture,  233 
Valeriana,  743 
Valerianate    of    ammonia, 
458 

of  zinc,  485 
Valerianic  acid,  617 
Valeric  acid.    Bee  Valeria^ 
nic  add. 

acids,  bibliography,  621 
Valerius  Ck)rdus,  18 
Valine^  618 

bibhography,  621 
Vallet's  mass,  302,  604 
bibliography,  520 
Valuation  of  heat,  75 
Vanilla,  713 

beans,  cutting  of,  111 

bibliography,  714 

eissence,  234 

tincture,  234 
VanilUn,  712 

bibliography,  714     * 
Vanillinum,  712 
Vapor  stove,  68 

tension,  86 
Vaporization,  81 

theory  of,  85 
Varek,  377 
Vaseline.  578 
Vegetable   cathartic  pills, 

313 
Vehicle.  927 
VehiculBB,  210 

bibliography,  215 
Venice  turpentine,  766 
bibliography,  772 
Veratrina,  817 
Veratrine,  817 

bibliography,  840 

ointment,  337 

oleate,  215 
Veratrum,  830 

album,  830 

bibliography,  841 

fluidextract,  244 

tincture,  234 

viride,  830 
Verdigris,  638 

bibhography,  643 
Vermillion,     bibliography, 

566 
Veronal,  677 
Vibumin,  744 
Viburnum  opulus,  744 


Viburnum  opulus,  fluidex- 
tract, 260     • 
primifoium,  743 
fluidextract,  244 
Viburnums,    bibliography, 

770 
Vichy  saltS;  N.F.,  466 
Villate's  mixture,  258 
Villosin,  716 
Vinasse,  407 
Vinegar,  602 
of  opium,  256 
of  squill,  266 
Vinegars,  255 

bibliography,  256 
Vinum  album,  589 
antimonii,  252 
aurantii       compositum, 

252 
camis,  262 

et  f  erri,  252 
oolchici  oormi,  262 
radicis,  262 
seminis,  252 
ergotie,  262 
ferri,  252 

amarum,  252 
fraxini,  262 
ipecaeuanhse,  252 
opii,  262 
pei)sini,  262 
picis,  252^ 
pruni  Virginians,  252 

ferratum,  252 
rhei  compositum,  262 
rubrum,  689 
Virginia  snake  root,  768 
Virus  vaccinicum,  856 
Vis  vit»  theory,  667 
Vitellin,  848 
Vitellum  recens,  850 
ritellus,  850 
Vitriol,  blue,  637 
Vitriols,  507 
Vleminckx's  solution,  190 

bibliography,  389 
Volatile  filtration,  136 
extractive  determination , 

924 
liniment,  265 
oil  of  mustard,  674 
oils,  method  of  extrac- 
tion, 738 
bibliography,  737 
Volume  changes  on  solu- 
tion, bibliography,  138 
Volumetric  analysis,  869 
assay    for    hydrochloric 
acid,  887 
for  nitric  acid,  887 
for     sulphonic     acid, 
887 
assays.    See  Assay, 
solution,  859 

alkaline    cupric    tar- 
trate, 918 
centinormal,  880 
decinormaL  880 
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Volumetric  solution,  nor- 
mal, 880 
HsSO«,  883 
n  KOH,  885 
n  NaOH,  886 
2n  NaOH,  886 
H  n  HCl,  885 
H  NHiSOi,  884 
H  KOH,  alcohoUc,  886 
Ho  n  AgNO,,  902 
Ho  n  bromine,  917 
Ho  n  I,  893 
Ho  n  H»S04,  885 
Ho  n  KjCtjOt,  901 
Ho  n  KMn04,  897 
Ho  n  KOH,  885 
HonNaCl,  903 
Mo  i^  c^alic  acid,  884 
iion  thioeulphate,  893 
Ho  n  H^Sq^,  885 
Hoo  n  KOH,  886 

V.S.,  880 


Wafer  papers,  296 

and    cachets,  bibliog- 
raphy, 301 
Wahoo  bark,  781 
Warburg's  pills,  313 
without  aloes,  313 

tincture,  235 

without  aloes,  235 
Washed  sulphur,  380 
Washing,  128 

continuous,  128 

gases,  127 

soda,  434 
Water,  368 

anise,  174 

as  a  solvent,  119 

bath,  74 

bitter  almond,  174 

cam])hor,  175 

chlorine,  176,  874 

chloroform,  176 

cinnamon,  176 

creosote,  176 

distilled,  173,  868 

fennel,  177 
.    glass,  442 

Eamamelis,  177 

lead,  187 

lime,  468 

manufacture,  171 

of  ammonia,  450 

of  constitution,  150 

of  crvstalhzation,  149 
calculations,  363 
estimation,  150 
in  chemical  formuhe, 
150 

orange  flower,  175 

peppermint,  177 

purification,  369 

rose,  177 

sifting,  117 

spearmint,  177 

testing,  368 
Waters,  171,  174 


Wat^rS;  aromatic,  174 
by  dilution^  171 
by  distillation.  171 
by  filtration  tnrough  ab- 
sorbent powder,  171 
through  cotton,  171 
by  gaseoua>solution,  171 
by  not  solution,  173 
by  simple  solution,  171 
table,  171 
Wax,  668 
bibliography,  671 
Chinese,  669 
Japanese,  670 
specific  gravity  estima- 
tion, 971 
taking  specific  gravity, 

54 
white,  669 
yellow,  668 
Wedgewood  mortar,  clean- 
ing, 115 
Weight,  28 
Weights,  44 
bibliography,  47 
material,  44 
shape.  44 
WeMon  8  process,  372 
Well  tube  percolator^  165 
Welsbach  mantles,  bibliog- 
raphy, 498 
Westphal  balance,  51 
Whey,  609 
Whisker,  183.  589 

bibliograpny,  605 
Whitall  Tatum's  supposi- 
tory machine,  326 
White  arsenic,  521 
hellebore,  830 
lead.  548 

bibliography,  565 
mustard,  675 

bibliography,  685 
oakj  717 

bibliography,  719 
petrolatum,  579 
precipitate,  553 
ointment,  333 
vitriol,  484 
wax,  669 

bibliography,  671 
wine,  589 
Whiting,  477 
wad  cherry,  706 

bibliography,  713 
fluidextract,  250 
infusion,  218 
syrup.  198 
Wilkinson  s  ointment,  337 
Wine  of  antimony,  252 
of  beef,  252 
of  colchicum  corm,  252 
root,  252 
seed,  252 
of  ergot,  252 
of  ipecac,  252 
of  iron,  252 
bitter,  252 


Wine  of  pepsin,  252 

of  tar.  252 

of  white  ash,  252 

of  wild  cherry,  252 

red.  589  . 

white,  589 
Wineglassful,  32 
Winesj  251 

bibhography,  256 

manufacture,  251 
Wintergreen  essence,  182 

oil,  710 
Winterstrained  lard  oil,  659 
Wire  gauze,  action  under 

heat,  73 
Witch  hazel  bark,  717 
distilled  extract,  176 
leaves,  717 

powder,  664 
Witherite,  476 
Wood,  631 

alcohol,  584 
as  a  solvent,  120 

as  fuel,  67 

charcoal,  386, 
bibliography,  389 

paper,  631 

spirit,  584 

vmegar,  601 
Woods,  definition,  619 
Wood's  metal,  538 
Wool-fat,  662 

bibliography,  671 

hydrous,  662 
Wool-wax,  662 
Worm  candy,  322 

condenser,  97 
Wormseed,  American,  741 

Levant,  779 
Wrapping  packages,  287- 

289 
Wrought  iron,  500 

Xanthinb,  678 
Xanthophyll,  783 
Xanthoxyun,  759 
Xanthoxylum,  759 

bibliography,  771 

fluidextract,  244 
Xylenes,  719 

Yard,  29 

Yellow  hydrastine,  818 
jasmin,  828 
mercuric  oxide,  558 
manufacture,  1007 
subsulphatCj  559 
mercurous  iodide,  557 
bibliography,  565 
phosphorus,  384 
prussiate  of  potass.    See 
Potassium  ferroq/anide. 
wash,  550 
wax,  668 
Yerba  santa,  760 

bibliography,  771 
Yolk  of  egg,  850 
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Zebo,  reading  on  balance, 

41 
Zest  (of  orange)  y  754 
Zinc,  478 
acetate,  480 
bibliography,  488 
blend;  478 
bromide,  481 

bibliography,  488 
carbonate,   precipitated, 
481 
bibliography,  488 
chloride,  482 

solution,  482 
iodide,  482 
oleate,  214,  524 
oxide,  482 


Zinc    oxide,   bibliography, 
488 
phenolsulphonate,  484 

bibliography,  488 
phosphide,  483 

bibliography,  488 
salve,  335 
stearate,  484 

bibliography,  488 

ointment,  337 
suli)hate,  484 

bibliography,  488 
sulphocarbolate,  484 
tests,  871 
valerate,  485 

bibliography,  488 
valerianate,  485 


Zinci  aoetas,  480 

bromidum,  481 

carbonas     pnedpitatus, 
481 

chloridum,  482 

iodidum,  482 

oxidi,  482 

phenolsulphonas,  484 

phosphidiim,  483 

stearas,  484 

sulphas,  484 

valeras,  ^5 

Valerianae,  485 
Zincum,  479 
Zingiber,  758 
Zingiberene,  728 
Zittmann's  decoction,  219 
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ANATOMY 


W.  B.  SAUNDERS  COMPANY 

WEST  WASHINGTON  SQUARE     PHILADELPHIA 
9,  HENRIETTA  STREET  COVENT  GARDEN,  LONDON 


Elsberg's  Surgery  of  Spinal  Cord 

Surgery  of  the  Spinal  Cord.  By  Charles  A.  Elsberg,  M.  D., 
Professor  of  Clinical  Surgery,  New  York  University  and  Bellevue 
Hospital  Medical  School.  Octavo  of  330  pages,  with  153  illustrations. 
Cloth,  $5.00  net. 

There  is  no  other  book  published  like  this  by  Dr.  Elsberg.  It  gives  you  in 
clear  definite  language  the  diagnosis  and  treatment  of  all  surgical  diseases  of  the 
spinal  cord  and  its  membranes,  illustrating  each  operation  with  original  pictures. 
Because  it  goes  so  thoroughly  into  symptomatology,  diagnosis,  and  indications  for 
operation  this  work  appeals  as  strongly  to  the  general  practitioner  and  neurologist 
as  to  the  surgeon. 

Cullen  on  the  Umbilicus 

Embryology,   Anatomy,   and    Diseases  of  the   Umbilicus.     By 

Thomas  S.  Cullen,  M.  B.,  Associate  Professor  of  Gynecology,  Johns 
Hopkins  University.  Octavo  of  775  pages,  with  269  illustrations. 
Cloth,  $7.50  net ;  Half  Morocco,  S9.00  net. 

In  Dr.  Cullen* s  new  work  you  get  chapters  on  embryology,  anatomy,  infections 
in  the  newborn,  hemorrhage,  granulation  tissue  at  the  umbilicus,  umbilical  polypi, 
gastric  jnucosa  at  the  umbilicus,  Meckel's  diverticulum,  intestinal  cysts,  patent 
omphalomesenteric  duct,  prolapsus  of  the  bowel,  concretions,  abscess,  Paget' s 
disease,  diphtheria,  syphilis,  tuberculosis,  atrophy,  fecal  fistula,  hypertrophy, 
angioma,  lymphocele,  connective-tissue  growths,  dermoids,  sweat-glands,  ab- 
dominal myomata,  papilloma,  adenomyoma,  cancer,  sarcoma,  hernia,  exstrophy 
of  the  bladder,  urachus  and  its  diseases,  acquired  urinary  fistula,  etc.,  etc. 
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Albee's  Bone-Graft  Surgery 

Bone-s^raft  Surgery.  By  Fred  H.  Albee,  M.  D.,  Professor  of 
Orthopedic  Surgery  at  the  New  York  Post-graduate  Medical  School. 
Octavo  of  417  pages,  with  329  text-illustrations  and  3  colored  plates. 
Cloth,  $6,QO  net ;  Half  Morocco,  ^^7.50  net. 

ORIGINAL 

This  book  presents  Dr.  Albee' s  original  applied  tecfanic  for  bone-graft  work.  The  sao- 
cessful  outcome  of  any  procedure  to  restore  the  skeletal  architecture  dei>ends  not  only  upon 
a  proper  operative  technic,  but  in  many  cases  in^  a  greater  degree  upon  the  skill  with  which 
the  postoperative  external  fixation  dressing  is  applied  and  in  the  convalescent  management 
of  the  case.  Dr.  Albee  here  gives  you  his  own  successful  technic  and  his  own  methods  of 
dressing  and  management,  all  illustrated  with  original  pictures. 

Dr.  Albee  is  a  firm  believer  in  the  autogenous  graft,  and  in  making  it  he  uses  the  most 
improved  instruments  and  tools,  all  of  which  are  shown  you,  and  their  use  in  actual  work. 
This  is  the  only  book  going  fully  into  this  important  qnestion  of  bone  surgery,  a  field  of  sur* 
gical  endeavor  that  is  attracting  pronounced  attention  over  the  entire  surgical  world. 


Smithies  and  Ochsner's 
Cancer  of  the  Stomach 

« 

Cancer  of  the  Stomach.  By  Frank  Smithies,  M.  D.,  Gastro- 
enterologist  to  Augustana  Hospital,  Chicago.  With  a  chapter  on  the 
Surgical  Treatment  of  Gastric  Cancer,  by  Albert  J.  Ochsner,  M.  D., 
Professor  of  Clinical  Surgery,  University  of  Illinois.  Octavo  of  500 
pages,  illustrated.     Cloth,  $5.50  net. 

RECENTLY  ISSUED 

This  work  gives  yon  the  information  gleaned  from  a  study  of  921  operatively  and  path- 
ologically demonstrated  cases  of  gastric  cancer. 

This  new  work  is  the  first  monograph  upon  this  subject  for  more  than  a  decade,  and 
represents  some  ten  years*  study  of  cases  at  the  University  Hospital  of  Ann  Arbor,  The  Mayo 
Clinic,  and  the  Augustana  Hospital  of  Chicago.  The  wonderful  advances  made  within  this 
time  are  of  the  greatest  importance  to  the  clinician,  the  pathologist,  and  the  surgeon.  Dr. 
Smithies  presents  these  advances  in  a  most  practical  way.  The  chapter  on  Operative  Treat- 
ment, by  Dr.  Ochsner,  gives  you  the  most  approved  and  successful  techjiic,  illustrating  ih« 
various  operations  with  original  pictures. 
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Hornsby  and   Schmidt's 
The  Modern  Hospital 

The  Modern  Hospital.  Its  Inspiration;  Its  Construction;  Its 
Equipment;  Its  Mangement  By  John  A  Hornsby,  M.D.,  Secre- 
tary, Hospital  Section,  American  Medical  Association ;  and  Richard 
E.  Schmidt,  Architect  Large  octavo  of  644  pages,  with  207  illus- 
trations.    Cloth,  I7.00  net ;  Half  Morocco,  ^^8.50  net. 

HOSPITAL  ErriCIENCY 

••  Hornsby  and  Schmidt"  tells  you  just  exactly  how  to  plan,  construct,  equip, 
and  manage  a  hospital  in  all  its  departments,  giving  you  every  detail.  It  gives 
you  exact  data  regarding  heating,  ventilating,  plumbing,  refrigerating,  etc. — and 
the  costs.  It  tells  you  how  to  equip  a  modem  hospital  with  modem  appliances. 
It  tells  you  what  you  need  in  the  operating  room,  the  wards,  the  private  rooms, 
the  dining  room,  the  kitchen — every  division  of  hospital  housekeeping.  It  gives 
you  the  duties  of  the  directors,  the  superintendent,  the  various  staffs,  their  relations 
to  each  other.  It  tells  you  all  about  nurses'  training-schools  — their  management, 
curriculum,  rules,  regulations,  etc.  It  gives  you  hundreds  of  valuable  points  on 
the  business  management  of  hospitals — large  and  small. 

Howell  Wri^t»  Superintendent  City  Hospital^  Cleveland 

"  To  me  the  book  is  invaluable.  I  have  a  copy  on  my  desk  and  scarcely  a  day  passes 
but  what  I  consult  it  and  find  what  I  want." 

Allen's  Local  Anesthesia 

Local  Anesthesia.  By  Carroll  W.  Allen,  M.  D.,  Instructor  in 
Clinical  Surgery  at  Tulane  University  of  Louisiana.  Octavo  ot  608 
pages,  illustrated.  Cloth,  ;^6.oo  net ;  Half  Morocco,  ;^7.SO  net. 

COMPLCTC  IN  EVERY  PARTICULAR 

This  is  a  complete  work  on  this  subject.  You  get  the  history  of  local 
anesthesia,  a  chapter  on  nerves  and  sensation,  giving  particular  attention  to  pain 
— what  it  is  and  its  psychic  control.  Then  comes  a  chapter  on  osmosis  and 
diffusion.  Each  local  anesthetic  is  taken  up  in  detail,  giving  very  special  atten- 
tion to  cocmn  and  novocain y  pointing  out  the  action  on  the  nervous  system,  the 
value  of  adrenalin,  paralysis  caused  by  cocain  anesthesia,  control  of  toxicity. 
You  get  Crile's  method  of  administering  adrenalin  and  salt  solution,  the  exact 
way  to  produce  the  intradermal  wheal,  to  pinch  the  flesh  for  the  insertion  of  the 
needle---all  shown  you  step  by  step.  You  get  full  discussions  of  paraneural, 
intraneural,  and  spinal  analgesia,  intravenous  and  intra-arterial  anesthesia,  and 
Hackenbuck*s  regional  anesthesia  by  circumferential  injections.  You  get  indica- 
tions, contraindications,  an  article  on  anoci-cLssociation,  with  Crile's  technic  for 
producing  anesthesia.  Then  the  production  of  local  anesthesia  in  the  various 
regions  is  taken  up  in  detail.  Spinal  analgesia  and  epidural  injections  are  con- 
sidered in  a  monogragh  of  45  pages.     There  is  a  laige  section  on  dental  anesthesia. 
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The  New  Keen's   Surgery 

Surgery:  Its  Principles  and  Practice.  Written  by  8i  eminent 
specialists.  Edited  by  W.  W.  Keen,  M.  D.,  LL.D.,  Hon.  F.R.C.S.,  Eng. 
AND  Edin.,  Emeritus  Professor  of  the  Principles  of  Surgery  and  of 
Clinical  Surgery  at  the  Jefferson  Medical  College.  Six  octavos  of  1050 
pages  each,  containing  3100  original  illustrations,  157  in  colors.  Per 
volume :  Cloth,  $7.00  net ;  Half  Morocco,  ;^8.oo  net. 

VOLUME  VI  GIVES  YOU  THE  NEWEST  SURGERY 

ALL  THE  ADVANTAGES  OF  A  REVISION  AT  ONE-riFTH  THE  COST 

We  have  issued  a  Volume  VI  of  **  Keen  ** — the  volume  of  the  newest  surgery- 
In  this  way  you  get  all  the  advantages  of  a  complete  and  thorough  revision  at  hut 
one-fifth  the  cost.  It  makes  Keen*s  Surgery  the  best,  the  most  up-to-date  surgery 
on  the  market. 

In  this  sixth  volume  you  get  the  newest  surgery — ^both  general  and  special — 
from  the  pens  of  those  same  international  authorities  who  have  made  the  success 
of  Keen's  Surgery  world-wide.  Each  man  has  searched  for  the  new,  the  rectUy 
useful,  in  his  particular  field,  and  he  gives  it  to  you  here.  Here  you  get  the 
newest  surgery,  and  fully  illustrated.  Then,  further,  you  get  a  complete  index  to 
the  entire  six  volumes,  covering  125  pages,  but  so  arranged  that  reference  to  it  is 
extremely  easy.  If  you  want  the  newest  suigery,  you  must  turn  to  the  new 
"Keen"  for  it. 


Bryan's   Surgery 

Principles  of  Surgery.  By  W.  A.  Bryan,  M.  D.,  Professor  of  Sur- 
gery and  Clinical  Surgery  at  Vanderbilt  University,  Nashville.  Octavo 
of- 677  pages,  with  224  original  illustrations.  Cloth,  ^00  net. 

ILLUSTRATED 

Dr.  Bryan  here  gives  you  facts,  accurately  and  concisely  stated,  without  which 
no  modem  practitioner  can  do  modern  work.  He  discredits  many  fsdlacious 
ideas,  giving  you  facts  instead.  He  shows  you  in  a  most  practical  way  the  rela- 
tions between  surgical  pathology  and  the  resultant  symptomatolc^y,  and  points 
out  the  influence  such  information  has  on  treatment. 

Dr.  A.  Vander  Veer,  Albany  Medical  College 

••  It  comes  to  us  full  of  new  ideas.  So  much  that  is  clear  and  concise  has  been  added  thai 
It  is  fascinating  to  study  the  work.    It  is  bound  to  recciye  a  hearty  welcome." 


SURGERY  AND  ANATOMY 


Crandon  and  Ehrenfried's 
Surgical   After-treatment 

« 

Sursrical  After-treatment.  A  Manual  of  the  Conduct  of  Surgical 
Convalescence.  By  L.  R.  G.  Crandon,  M.  D.,  Assistant  in  Surgery, 
and  Albert  Ehrenfried,  M.  D.,  Assistant  in  Anatomy,  Harvard  Medi- 
cal School.  Octavo  of  831  pages,  with  265  original  illustrations. 
Cloth,  $6,00  net ;  Half  Morocco,  #7.50  net 

THE  NEW  (2d)  EDITION,  PRACTICALLY  REWRITTEN 

This  work  tells  how  best  to  manage  all  problems  and  emergencies  of  surgical 
convalescence  from  recovery-room  to  discharge.  It  gives  all  the  details  com- 
pletely, definitely,  yet  concisely,  and  does  not  refer  the  reader  to  some  other 
work  perhaps  not  then  available.  The  post-operative  conduct  of  all  operations 
is  given,  arranged  alphabetically  by  regions.  A  special  feature  is  the  elaborate 
chapter  on  Vaccine  Therapy^  Immunization  by  Inoculation  and  Specific  Sera, 
by  Dr.  George  P.  Sanborn,  a  disciple  of  Sir  A.  E.  Wright.     The  text  is  illustrated. 

The  Therapeutic  Gazette 

"  The  book  is  one  which  can  be  read  with  much  profit  by  the  active  surgeon  and  will  be 
generally  commended  by  him." 


Papers  from  the  Mayo  Clinic 

Collected  Papers  61  the  Mayo  Clinic.  •  By  William  J.  Mayo,  M.  D., 
Charles  H.  Mayo,  M.  D.,  and  their  Associates  at  The  Mayo  Clinic, 
Rochester,  Minn.  Papers  of  1905-1909.  1910,  191 1, 1912,  1913.  Each 
an  octavo  of  about  800  pages,  illustrated.  Per  volume:  Cloth,  $5.50 
net.     Papers  of  191 5  :  Cloth,  $6.00  net. 

PAPERS  or  1915  NOW  READY 

These  volumes  give  you  all  the  clinical  teachings,  all  the  important  papers  of 
W.  J.  and  C.  H.  Mayo  and  their  associates  at  The  Mayo  Clinic.  They  give  you 
the  advances  in  operative  technic,  in  methods  of  diagnosis  as  developed  at  this 
great  clinic.  This  new  volume,  although  called  the  /p/5  volume,  gives  you  many 
papers  that  did  not  appear  until  well  into  igid,  quite  a  few  being  scheduled  for  as 
late  as  May  and  June.    You  should  add  this  volume  to  your  Mayo  files. 

Bullelin  Me&al  and  Chkurglcal  racuHy  of  Mwyland 

"  Much  of  the  work  done  at  the  Mayo  Clinic  and  recorded  in  these  papers  has  been  epoch- 
making  in  character.  *  *  *   Represents  a  most  substantial  block  of  modern  surgical  progress." 

A  CoUection  of  Papers  (published  previous  to  1909).  By 
William  J.  Mayo,  M.  D.,  and  Charles  H.  Mayo,  M.  D.  Two  octavos 
of  525  pages  each,  illustrated.     Per  set :  Cloth,  $10.00  net 
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Mumford's 
Practice  of  Surgery 

The  Practice  of  Surgery.  By  James  G.  Mumford,  M.  D.,  In* 
structor  in  Surgery,  Harvard  Medical  School.  Octavo  of  1032  pages, 
with  682  illustrations.     Cloth,  $7.00  net ;  Half  Morocco,  J58.50  net. 

NEW  (2d)  EDITION 

This,  as  its  title  implies,  is  a  work  on  the  clinical  side  of  surgery — suigery  as 
it  is  seen  at  the  bedside,  in  the  accident  ward,  and  in  ihe  operating  room.  It  ex- 
presses the  matured  outgrowth  of  twenty  years  of  active  hospital  and  private 
surgical  practice,  together  with  the  experience  gained  from  clinical  teaching,  class- 
room discussions,  and  lectures. 

John  B,  Miirphjt  M.D.,  Professercf  Surgery,  Northwestern  Medical  School,  Chicago, 

"  This  work  truly  represents  Dr.  Mumford's  intellectual  capacity  and  scope,  and  presents 
in  a  terse,  forceful,  yet  pleasiug  manner,  the  live  surgical  topics  of  the  day.  It  is  in  every  par- 
ticular up  to  date,  and  shows  that  rare  quality  of  accentuating  the  essential  and  omitting  the 
unnecessary." 


DaCosta's  Modern  Surgery 


Modem  Surgery — General  and  Operative.  By  John  Chalmers 
DaCosta,  M.  D.,  Samuel  D.  Gross  Professor  of  Surgery,  Jefferson 
Medical  College,  Philadelphia.  Octavo  of  15 15  pages,  with  1085  illus- 
trations. Cloth,  I56.00  net;  Half  Morocco,  $7,^0  net. 

NEW  (7th)  CDrriON 

A  surgery,  to  be  of  the  maximum  value,  must  be  up  to  date,  must  be  com* 
plete,  must  have  behind  its  statements  the  sure  authority  of  experience,  must  be  so 
arranged  that  it  can  be  consulted  quickly;  in  a  word,  it  must  be  practical  and 
dependable.  Such  a  surgery  is  DaCosta*  s.  Always  an  excellent  woik,  for  this 
edition  it  has  been  ver>'  materially  improved  by  the  addition  of  new  matter  to  the 
extent  of  over  250  pages  and  by  a  most  thorough  revision  of  the  old  matter. 
Many  old  cuts  have  been  replaced  by  new  ones,  and  nearly  150  additional  illus- 
trations have  been  added. 


Rudolph  Matai,  M.  D.,  Professor  of  Surgery,  Tulane  University  of  Louisiana. 

"  This  edition  is  destined  to  rank  as  high  as  its  predecessors,  which  have  placed  the  learned 
author  in  the  fore  of  text-book  writers.  The  n»ore  I  scrutinize  its  pages  the  more  I  admire  Cfae 
marvelous  capacity  of  the  author  to  compress  so  much  knowledge  in  so  small  a  space.*' 
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Sc\idder*s 
Treatment  of  Fractures 

WITH  NOTi:S  ON  DISLOCATIONS 

The  Treatment  of  Fractures :  with  Notes  on  a  few  Common 
Dislocations.  By  Charles  L.  Scudder,  M.  D.,  Surgeon  to  the  Massa- 
chusetts General  Hospital,  Boston.  Octavo  of  734  pages,  with  1057 
original  illustrations.  Polished  Buckram,  $6,qo  net ;  Half  Morocco, 
^7.50  net. 

THE  NEW  (8th)  EDITION,  ENLARGED 
WITH  1057  ILLUSTRATIONS 


The  fact  that  this  work  has  attained  an  eighth  edition  indicates  its  practical 
value.  In  this  edition  Dr.  Scudder  has  made  numerous  additions  throughout 
the  text,  and  has  added  many  new  illustrations,  greatly  enhancing  the  value  of 
the  work.  In  every  way  this  new  edition  reflects  the  very  latest  advances  in  the 
treatment  of  fractures. 

J.  r.  Binnia,  M.D.»  University  of  Kansas 

"  Scudder's  Fractures  is  the  most  successful  book  on  the  subject  that  has  ever  been  pub. 
lished.    I  keep  it  at  hand  regularly." 


Scudder's  Tumors  of  the  Jaws 

Tumors  of  the  Jaws.  By  Charles  L.  Scudder,  M.  D.,'  Surgeon 
to  the  Massachusetts  General  Hospital,  Boston.  Octavo  of  395  pages, 
with  353  illustrations,  6  in  colors.  Cloth,  $6.00  net;  Half  Morocco, 
II7.50  net. 

WITH  NEW  ILLUSTRATIONS 

Dr.  Scudder  in  this  book  tells  you  how  to  determine  in  each  case  Utatform  of 
new  growth  present  and  then  points  out  the  best  treatment.  As  the  tendency  of 
malignant  disease  of  the  jaws  is  to  grow  into  the  accessory  sinuses  and  toward 
the  base  of  the  skull,  an  intimate  knowledge  of  the  anatomy  of  these  sinuses  is 
essential.  Dr.  Scudder  has  included,  therefore,  sufficient  anatomy  and  a  number 
of  illustrations  of  an  anatomic  nature.  Whether  general  practitioner  or  surgeon, 
you  need  this  new  book  because  it  gives  you  just  the  information  you  want. 
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Cotton's 

Dislocations   anb   Joint   Practures 

Dislocations  and  Joint  Fractures.  By  Frederic  Jay  Cotton,  M.  D^ 
First  Assistant  Surgeon  to  the  Boston  City  Hospital.  Octavo  of  654 
pages,  with  1201  original  illustrations.  Cloth,  ^6.00  net;  Half  Morocco, 
Jt7«50  net 

TWO  PRINTINGS  IN  EIGHT  MONTHS 

Dr.  Cotton's  clinical  and  teaching  experience  in  this  field  has  especially  fitted 
him  to  write  a  practical  work  on  this  subject.  He  has  written  a  book  clear  and 
definite  in  style,  systematic  in  presentation,  and  accurate  in  statement.  The 
illustrations  possess  the  feature  of  showing  just  those  points  the  author  wishes  to 
emphasize.     This  is  made  possible  because  the  author  is  himself  the  artist 

Botton  Medical  and  Surgical  Jotinial 

"  The  work  is  delightful,  spirited,  scholarly,  and  original,  and  is  not  only  a  book  of  refer- 
ence, but  a  book  for  casual  reading.    It  brings  the  subject  up  to  date,  a  feat  long  neglected." 


Murphy's  Famous  Clinics 


Clinics  of  Jolin  B.  Murpliy»  M  .Dm  at  Mercy  Hospital,  Chicago. 

Issued  serially,  one  number  every  other  month  (six  numbers  a  year). 
Each  issue  about  200  octavo  pages,  illustrated.  Per  year:  $8.00; 
Cloth,  ^12.00.    Sold  only  by  the  calendar  year. 

DOWN.TO.THCMINUTE  SURGERY 

This  is  just  the  work  you  have  been  waiting  for — a  permanent  record  of  the 
teachings  of  this  great  surgeon.  These  are  not  students'  clinics,  but  delivered  at 
Mercy  Hospital,  Chicago,  for  physicians  only.  They  are  postgraduate  clinics. 
These  Clinics  are  published  just  as  delivered  by  Dr.  Murphy,  an  expert  stenogra- 
pher taking  down  everything  Dr.  Murphy  says  and  does.  In  this  way  these 
Clinics  retain  all  that  individual  force  and  charm  so  characteristic  of  the  clinical 
teaching  of  this  distinguished  surgeon.  But  the  most  vital  point  about  theu 
Clinics  is  that  they  are  absotuiely  fresh.  They  give  you  a  continuous  postgraduate 
course  right  in  your  own  office  with  John  B.  Murphy  as  your  teacher.  They  have 
been  called  "The  Practitioner's  Text-book.'* 
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Kelly  &  Noble's  Gynecology 
and  Abdominal  Surgery 

Qynecology  and  Abdominal  Surgery.  Edited  by  Howard  A, 
Kelly,  M.D.,  Professor  of  Gynecology  in  Johns  Hopkins  University; 
and  Charles  P.  Noble,  M.D.,  formerly  Clinical  Professor  of  Gyne- 
cology in  the  Woman's  Medical .  College,  Philadelphia.  Two  imperial 
octavo  volumes  of  950  pages  each,  containing  880  original  illustrations, 
some  in  colors.  Per  volume:  Cloth,  ^8.00  net;  Half  Morocco,  II9.50 
net 

Wrm  880  ILLUSTRATIONS— TRANSLATED  INTO  SPANISH 

This  work  possesses  a  number  of  valuable  features  not  to  be  found  in  any 
other  publication  covering  the  same  fields.  It  contains  a  chapter  upon  the  bac- 
teriology and  one  upon  the  pathology  of  gynecology,  and  a  large  chapter  devoted 
entirely  to  medical  gynecology,  written  especially  for  the  physician  engaged  in 
genei:al  practice.  Abdominal  surgery  proper,  as  distinct  from  gynecology,  is 
fully  treated,  embracing  operations  upon  the  stomach,  intestines,  liver,  bile-ducts, 
pancreas,  spleen,  kidneys,  ureter,  bladder,  and  peritoneum. 

American  Journal  of  Medical  Sciences 

*'  It  is  needless  to  say  that  the  work  has  been  thoroughly  done ;  the  names  of  the  authors 
and  editors  would  guarantee  this,  but  much  may  be  said  in  praise  of  the  method  of  presentation, 
and  attention  may  be  called  to  the  inclusion  of  matter  not  to  be  found  elsewhere.'* 


Bickham's   Operative  Surgery 

A  Text-Book  of  Operative  Surgery.  By  Warren  Stone  Bickham, 
M.D.,  of  New  York.  Octavo  of  1200  pages,  with  854  original  illustra- 
tions. 

FOURTH  EDITION  PREPARING 

This  work  completely  covers  the  surgical  anatomy  and  operative  technic  in- 
volved in  the  operations  of  general  surgery.  The  practicability  of  the  work  is 
particularly  emphasized  in  the  854  magnificent  illustrations. 


Boston  Medical  and  Surreal  Joismal 

"  The  book  U  a  valuable  contribution  to  the  literature  of  operative  surgery.  It  represents 
%  vast  amount  of  careful  work  and  technical  knowledge  on  the  part  of  the  author.  For  the  sur- 
geon in  active  practice  or  the  instructor  of  surgery  it  is  an  unusually  good  review  of  the  subject." 
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£isendrath's 
Surgical  Diagnosis 

A  Text-Book  of  5ursrical  Dias^nosls.  By  Daniel  N.  Eisendrath, 
M.  D.,  Professor  of  Surgery  in  the  College  of  Physicians  and  Surgeons, 
Chicago.  Octavo  of  885  pages,  with  574  entirely  new  and  original 
text-illustrations  and  some  colored  plates.  Cloth,  ^6.50  net;  Half 
Morocco,  jtS.oo  net. 

SECOND  EDITION 

Dr.  Eisendrath  takes  up  each  disease  and  injury  amenable  to  surgical  treat- 
ment, and  sets  forth  the  means  of  correct  diagnosis  in  a  systematic  and  com- 
prehensive way.  Definite  directions  as  to  methods  of  examination  are  presented 
clearly  and  concisely,  providing  for  all  contingencies  that  might  arise  in  any 
given  case. 

Surgery,  Gynecology,  and  Obstetiici 

*'The  book  is  one  which  is  well  adapted  to  the  uses  of  the  practising  suigeon  who  desires 
information  concisely  and  accurately  given.  .  .  .  Nothing  of  diagnostic  importance  is  omittedy 
yet  the  author  does  not  run  into  endless  detail." 


Crile's  The  Kinetic  Drive 

JUST  OUT 

In  this  book  Dr.  Crile  analyzes  the  mechanism  by  which  the  present-day 
industrial  and  commercial  "speeding"  is  accomplished,  and  relates  it  to  the 
speeding  due  to  other  stimuli,  such  as  infections,  auto-intoxication,  physical 
injury,  etc.     The  work  is  timely. 

Octavo  of  7Z  pages,  illustrated.  By  Gborgb  W.  Crilb,  M.  D.,  Professor  of  Surgery,  Western  Reserve 
University,  Cleveland.  Cloth,  $3.00  net. 

Crile  on  Emotions 

« 

In  this  volume  Dr.  Crile  gives  you  the  steps  by  which  he  established  his 
Kinetic  Theory  of  Shock.  In  the  first  articles  he  shows  you  the  phylogenetic 
origin  of  the  emotions  and  the  pathologic  identity  of  traumatic  and  emotional 
shock,  while  in  the  later  articles  he  points  out  not  only  the  clinical  application  of 
these  premises,  but  also  their  broad  general  significance. 

Octavo  of  240  pares,  illustrated.  By  Gborgb  W.  Crilc,  M.  D.,  Professor  of  Surgery,  Western  Reserve 
University,  Cleveland.  Cloth,  $3-eo  net. 

Crile  and  Lower's  Anoci-Association 

Anoci-association  is  the  new  way  of  anesthetizing.  It  prevents  shock,  it  robs 
surgery  of  its  harshness,  it  diminishes  postoperative  mortality,  it  lessens  the  likeli- 
hood of  nausea,  vomiting,  gas  pains,  backache,  nephritis,  pneumonia,  and  other 
postoperative  complications.  You  get  anoci-association  and  blood -pressure  and 
the  technic  of  nitrous-oxid-oxygen  anesthesia. 

Octavo  of  975  pages,  illustrated.  By  Grorgb  W.  Crilb,  M.  D..  Professor  of  Surf^ery,  and  Wiluam 
E.  LowBR,  M.  I).,  Associate  Professor  of  Genito-Urinary  Surgery,  Western  Reserve  UniversKy. 

Cloth,  I3.00  BCC 
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Fenger  Memorial  Volumes 

Fenger  Memorial  Volumes.  Edited  by  Ludvig  Hektoen,  M.  D., 
Professor  of  Pathology,  Rush  Medical  College.  Chicago.  Two  octavos 
of  525  pages  each.  Per  set:  Cloth,  $15.00  net ;  HalfMorocco,Jt  18.00  net. 

LIMITED  EDITION 

These  handsome  volumes  consist  of  all  the  important  papers  written  by  the  late 
Christian  Fenger,  for  many  years  professor  of  surgery  at  Rush  Medical  College, 
Chicago.  Not  only  the  papers  published  in  English  are  included,  but  also  those 
which  originally  appeared  in  Danish,  German,  and  French. 

The  name  of  Christian  Fenger  typifies  thoroughness,  extreme  care,  deep  re- 
search, and  sound  judgment.  His  contributions  to  the  advancement  of  the  world's 
surgical  knowledge  are  indeed  as  valuable  and  interesting  reading  to-day  as  at 
the  time  of  their  original  publication.  They  are  pregnant  with  suggestions. 
Fenger' s  literary  prolificacy  may  be  judged  from  this  memorial  volume— over 
1000  pages. 

Sobotta  and  McMurrich's 
Human  Anatomy 

Atlas  and  Text-Book  of  Human  Anatomy.  In  Three  Volumes.  By 
J.  Sobotta,  M.D.,  of  Wiirzburg.  Edited,  with  additions,  by  J.  Playfair 
McMuRRiCH,  A.  M.,  Ph.  D.,  Professor  of  Anatomy,  University  of 
Toronto,  Canada.  Three  large  quartos,  each  containing  about  250 
pages  of  text  and  over  300  illustrations,  mostly  in  colors.  Per  volume : 
Cloth,  $6.00  net ;  Half  Morocco,  $7,^0  net. 

Edward  Martin,  M.D.,  Professor  of  Clinical  Surgery,  University  of  Pennsylvania 

"  This  is  a  piece  of  bookmaking  which  is  truly  admirable,  with  plates  and  text  so  weH 
chosen  and  so  clear  that  the  work  is  most  useful  to  the  practising  surgeon." 


Radasch's  Anatomy 

Manual  of  Anatomy.  By  Henry  E.  Radasch,  M.  D.,  Assistant 
Professor  of  Histology  and  Biology,  Jefferson  Medical  College. 

READY  SOON 

Dr.  Radasch*  s  new  handbook  is  complete  in  both  text  and  illustrations.  Every 
effort  has  been  taken  to  make  the  study  of  anatomy  both  easy  and  interesting,  the 
many  illustrations  contributing  markedly  to  this  end. 
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Moynihan's 
Abdominal    Operations 

Abdominal  Operations.  By  Sir  Berkeley  Moynihan,  M.  S. 
(Lx)NDOn),  F.  R.  C.  S.,  of  Leeds,  England.  Two  octavos,  totaling 
nearly  looo  pages,  with  385  illustrations.  Per  set:  Cloth,  $10.00  net; 
Half  Morocco,  ^13.00  net. 

NEW  (3d)  CDITION,  ENLARGED 

This  new  {3d)  ediiion  was  so  thorotighly  revised  that  the  work  had  to  be  reset  from 
cover  to  cover.  Over  150  pages  of  new  matter  and  some  85  new  illustrations  were  added, 
making  385  illustrations,  5  of  them  in  colors — really  an  atlaz  of  abdominal  surgery.  This 
work  is  a  personal  record  of  Moynihan'  s  operative  work.  You  get  his  own  successful  methods 
of  diagnosis.  You  get  his  own  technic,  in  every  case  fully  illustrated  with  handsome  pic- 
tures. You  get  the  bacteriology  of  the  stomach  and  intestines,  sterilization  and  prepaimtioD 
of  patient  and  operator.  You  get  complications,  sequels,  and  after-care.  Then  the  various 
operations  are  detailed  with  forceful  clearness,  discussing  first  gastric  operations,  following 
with  intestinal  operations,  operations  upon  the  liver,  the  pancreas,  the  spleen.  Two  new 
chapters  added  in  this  edition  are  excision  of  gastric  ulcer  and  complete  gastrectomy^  giving 
the  latest  developments  in  these  operative  measures. 


Moynihan's  Duodenal  Ulcer 

I>uodeiial  Ulcer.  By  Sir  Berkeley  Moynihax,  M.  S.  (London),  F.  R.  C.  S., 
Leeds,  England.     Octavo  of  486  pages,  illustrated.     Cloth,  I5.00  net ;  Half 
Morocco,  $6. 50  net. 

For  the  practitioner,  who  first  meets  with  these  cases,  Mr.  Moynihan  fixes  the  diagnosis 
with  precision,  so  that  the  case,  if  desired,  may  be  referred  in  the  early  stage  to  the  sur- 
geon. The  surgeon  finds  here  the  newest  and  best  technic  as  used  by  one  of  the  leaders 
in  this  field. 

"  Easily  the  best  work  on  the  subject ;  coming,  as  it  does,  from  the  pen  of  one  of  the  mas- 
ters of  surgery  of  the  upper  abdomen,  it  may  be  accepted  as  authoritative." — London  Lancet. 

Moynihan  on  Gall-stones  tmi 

Clall-8tone«  and  Their  Surs:lcal  Treatment.  By  Sir  Berkeley  Moyni- 
han, M.  S.  (London),  F.  R.  C.  S.,  Leeds.  England.  OcUvo  of  458  pages, 
illustrated.     Cloth,  $5.00  net ;  Half  Morocco,  $6.50  net. 

This  work  gives  special  attention  to  the  early  symptoms  in  cholelithiasis,  enabling  you  to 
diagnose  the  case  in  the  early  stages. 

"  We  can  heartily  recommend  this  work  as  most  satisfiactory  and  of  the  greatest  prac- 
tical  value." — American  Journal  of  the  Medical  Sciences, 
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Schultze  and  Stewart's  Topographic  Anatomy 

Atlas  and  Text-Book  off  Topographic  and  Applied  Anatomy.  By  Prop. 
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